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Essential Features and Interesting Views of World’s Largest 
Steam Turbines, in the Most Powerfully-engined Vessel Afloat 





The “Mauretania,” the sister ship of the 
“Lusitania” of the Cunard line, has at 
this writing just completed her maiden 
trip between Liverpool and New York. 
Engineering, of London, devoted its issue 
of November 8 largely to a description of 
this vessel, and it is to this source that 
we are indebted for the following par- 
ticulars and illustrations. The size and 
capacity of the ship in comparison with 
those of her competitors are shown in 
the accompanying table. 


THE BOoILers 


There are twenty-three double-ended 
and two single-ended boilers, the collec- 
tive fire-grate area being about 4060 square 


which is on the Howden system, the ra- 
tio of grate surface to heating surface is 
1 to 38. The French builders, who also 
adopt the Howden system, have a grate 
area of I to 37 of heating surface. As to 
the proportion of heating surface to 
power, it will be noted that in the 
“Mauretania” there is for each unit of 
power 2.33 square feet of heating surface, 
as compared with 2.68 square feet in the 
open stoke-hole boiler system of the 
“Kaiser Wilhelm,’ 2.35 in the Howden 
boiler arrangement in the “Deutschland,” 
and 2.25 in the Howden system in the 
United States’ fastest steamship. The 
boiler shells and stays are of high-tensile 
silicon steel, having the following char- 
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760 ” 
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Breadth ae 
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Gross _——-. 

Draught 

Displacement . 
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(second) .. ie pe 

(third) ‘ 


88 ,, 
. 60 ft. 6 in. 


32, 
33 ft. 6 in. 
38,000 tons 
563 


” ” 
Machinery makers 


Company | 
Type of engine 


| 


Number of cranks .. as ar or x“ | 


“ Mauretania.” | ns tanta 


.|Swan, Hunter, and John Brown and 
Co., Wallsend-| Co., Clydebank 


Cunard 
1907 


“ 1138 740 
.| Wallsend Slipway John Brown and| Vulcan Company, | ° 
and Engineering! Co., Clydebank | 


Parsons turbine | Parsons turbine/4 sets, four-cylin-, 4 sets, 


| * Kaise 


‘ Kronprincessin r 
Wilhelm II,” 


Cecilie.” 
Vulcan Company, | 
of Stettin 


Vulcan Compan. ny, 
of Stettin 


North German North German 
dloy: Lloyd 
1907 1903 
706 ft. 4 in. 706 {t. 6 in. 
682 ft. t in. 683 ft. 


of Stettin 


1900 
684 ft. 


72 72 oy 
44 ft. 2 in. 52 ft. 6 in. 
19,400 | 20,000 tons 
30 ft. 29 ft. 
27,000 tons 26,000 tons 
729 775 


318 | 343 302 


770 
Vulcan Company ° 
of Stettin of Stettin of Stettin 
4- cylinder 
der quadruple-| quadruple - expan- 
expansion sion 
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“* Deutschland.” 


Vv ulcan Company, 


Hamburg - American) 


23,620 tons 
693 


288 
Vulcan Company, 


6-cylinder, quad- 
ruple-expansion 


for each 
They are elliptical in cross- 
section, and measure externally 23 feet 7 
inches by 16 The hight 
from the base line of the ship is 153 feet. 

The fans for the Howden draft system, 
32 in number, are arranged in pairs, each 
pair driven by an electric motor. 
The fan impellers are of the single-inlet 
type, 66 inches in diameter, and each ca- 
pable of delivering 33,000 cubic feet of 
air per minute against a water pressure 
of 3% inches on the discharge side, when 
running at 450 revolutions. These im- 
pellers are made of brass plate of special 
composition to resist corrosion, the bosses 
being of steel. 


There are four funnels, one 


boiler room. 


feet 7 inches. 


being 


Special arrangements are 


J — 


“St. Paul” and | 
na * St. Louis. wi 


“Campania” and 


“ > a " ” 
* Lucania.” La Provence. 


Fairfi eld Company . 
ilasgow 
Cunard 


1893 
622 ft. 


S. des Chantiers et 
— de St. 
Nazaire 
French 


of Philadelphia 


American 
| 


1895 1906 
697 ft. 1h in 
600 ,, 

65 ft. 3 in. 

41 ft. 6 in. 

12,500 tons 
25 ft. 

18,000 tons 
600 


64 ft. 7h in 
41 ft. Sin 
13,750 tons 
26 ft. 9 in. 
19,160 tons 
442 


400 
800 
Cramp, 
of Philadelphia 


808 
St. Nazaire 


| ‘ 
132 

| 

| Company 


| 
700 
Fairfield Company, | 
Glasgow 


5-cylinder triple- 


| 6-cylinder quad- 
| expansion 


ruple-expansion 
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4 
; one of| Two of 28 in. ; one Two of 47.2 in. ; 
: and two of| of 55 in.; one of| two of 76.2 in. : 
77 in. ; and two of| and four of 88.18 
77 in. } in. 
€0 in. 
6 double-ended ; 
4 single-ended 


| 6 4 3 
; Four of 37.4 in.; four|Two 36.61 in.; one/Two of 37 in. 
of 49.2 in. ; four of| 73.6 in.; one 103.9, 79 in. 
four of 74.80in. 74.8 in.; four of| in.; twol06.3in. | 98 in. 
four of 112. 20 in| 112.2 in. } 
70.87 in. 70.86 in. 72.8 in. 
12 double-ended ;| 12 double-ended ; 12 double-ended ; 
7 single-ended 7 single-ended 4 single-ended 


Diameter of cylinders Four of 37.40 in. 


four of 49.21 in. 


Stroke of piston ° . os | ee 
Number and type of ‘Loilers’ ‘ .|Cylindrical : 23 25 cylindrical; 23 
double-ended ; 2; double-ended ; 
single-ended 2 — ended 


| 69 in. €6.9 in 

| 12 double - ended ; 21 single. ended 

1 single-ended 

Number of furnaces . 6 192 

Steam pressure ee ee --| 195 Ib. per sq. in. 195 Ib. A in. 

Total heating surface. +e és 159,000 sq. ft. | 158,350sq. ft. 
ss se 63, al 4,060 ,, | 4.048 ,. "970 

Draught : “s ‘ Howden’s Howden’s Open stokehold 

Total indicated horse-power 68,000 68,000 45,000 

llighest mean speed on Atlantic passage 25 knots* 25 knots* 23.5 knots * | 

| 


Revolutions per minute... es “ 180 180 82 


124 | 124 112 102 64 8 
220.5 per sq. in. 225 Ib. per sq. in. 220 Ib. per sq. in. = Ib. per eq. in. 200 1b. per sq. in. 206 per eq. in. 
101,900 eq. ft. 107,643 sq. ft. 84,468 sq. ft. a sq. ft. 40,320 aq. ft. 58,342 sq. ft 
2 3, 21 2,188 ., * 630 ,, 1,144 ,, 1,571 ,, 
Open stokehcld Howden’s Open stokehold llowden's Howden's 
38,000 and 40,000 36,000 30,000 18,000 30,000 
23 to 23.5 knots 23.25 to 23.61 knots 22.01 knots 21.08 knots 22 knots* 
(estimated) 
80 





76 ve oe 80 




















* Designed. 


TABLE SHOWING DIMENSIONS OF “MAURETANIA,” “LUSITANIA” AND FASTEST SHIPS OF OTHER NATIONS 


. 


feet and the heating surface about 159,000 
square feet. In each double-ended boiler 
there are eight furnaces and in each 
single-ended boiler four furnaces, making 
192 furnaces in all. They are of the Mor- 
rison suspension type, with a separate 
combustion chamber to each furnace. In 
the case of the high-speed German ships 
it will be seen that the ratio of grate 
surface to heating surface is I to 34, 
whereas in the “Mauretania” it is 1 to 
38.8. The boilers in the “Kaiser Wilhelm 
Il” are, however, worked on the open 
Stoke-hole system, whereas the Cunard 
liners are worked on the Howden sys- 
tem. In the case of the “Deutschland,” 


acteristics : Shell Plates—Tensile strength, 
36.937 tons per square inch; elongation, 
20.905 per cent. in 10 inches; elastic limit, 
21.85 tons per square inch. Butt-straps— 
Tensile strength, 37.112 tons per square 
inch; elongation, 21.27 per cent. in ten 
inches ; elastic limit, 21.38 tons per square 
inch, 

Silicon steel was adopted after consider- 
able experimental investigation and has 
resulted in greatly reducing the weight of 
the boilers. The front and back ends, 
however, are of ordinary mild steel. With 
the exception of the steam _ stop-valves, 
which are of cast steel, all the mountings 
are made of gun metal. 


made for ventilating the motors which 
have to run in a high temperature. 

The exhaust steam from the many aux- 
iliaries is utilized for heating the feed- 
water in the closed heaters. The exhaust 
from the turbo-generators, driving the 
electric-light engines and other auxiliaries, 
is used in the open feed-water heater, as 
is also the vapor from the feed make-up 
evaporators. The use of the heaters re- 
sults in the temperature of the feed-water 
being raised to over 200 degrees. 

The stoke-holes are arranged with fore 
and aft baffle-plates, so that the air from 
the cowls passes down the outer com- 
partment to near the level of the stoke- 
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hole floors, and returns in the center along 
the boiler uptakes to the fan inlets, so 
that before it even enters the nest of 
tubes in the uptake, to be heated by the 
escaping hot gases from the furnace, it at- 
tains a fairly high temperature, and the 
temperature of the draft at the furnace 
door is about 250 degrees Fahrenheit, 


ELECTRIC-LIGHT PLANT 


For supplying electricity for lighting, the 
running of small motors, etc., there are 
four turbo-generators, each of 375 kilo- 
watts capacity, the turbines being designed 
to handle the full load when exhausting 
against a back pressure of 10 pounds. 
On trial, the water consumption was 
found to be 60.6 pounds per kilowatt- 


POWER 


The two high-pressure ahead turbines are 
placed in the wings of the ship, while the 
two low-pressure ahead and the astern 
turbines are connected to the inner shafts. 
There are four propellers, the two outer 
of which are driven by the high-pressure 
ahead turbines, the two inner by the low- 
pressure ahead turbines, while the revers- 
ing turbines are upon the inner shafts only. 

In the construction of the turbines a 
different method was adopted from that 
followed in connection with the “Lusi- 
tania.” For the “Mauretania” the disks 
and gudgeons, as well as the shaft and 
drums, were constructed of Whitworth 
fluid-pressed steel, a most homogeneous 
metal. With the object of getting the 
maximum strength and rigidity with a 






The 
various parts were fitted up in the ship, 


bines in the shops after construction. 


where the first spin under steam was un- 
dertaken a little more than a week before 
the vessel proceeded to sea, when it was 
found that all the turbines were truly in 
balance. an excellent demon- 
stration of the character of the metal used 
and of the accuracy of the workmanship, 
and is the more striking when the dimen- 
The 
high-pressure drum is 96 inches in diam 


eter, with blades ranging from about 2% 


This was 


sions are taken into consideration 


inches to about 12 inches long, while the 
low-pressure drum is 140 inches in diam- 
eter, with blades ranging from about 8 
inches to 22 inches, and the astern drum 
is 104 


inches in diameter, with blades 
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hour at half load; 52 pounds at three- 
fourths load; and 46 pounds at full load, 
the back pressure in each case being about 
five pounds. 


THE TURBINES 


The photographs reproduced herewith 
afford a clear idea of the general appear- 
ance of the propelling machinery in the 
ship. It may help to convey an adequate 
idea of the immensity of that machinery 
to remark that the hight from the plat- 
form level to the top of the engine-room 
skylight is 79 feet. 

The: propelling power is furnished by 
six Parsons turbines, two high-pressure 
and two low-pressure for going ahead, 
and two high-pressure for going astern. 





STARTING AND MANEUVERING GEAR 


minimum weight, it was agreed that there 
should be as few parts as possible, and 
that all stiffeners should be solid and form 
part of the drums so as to avoid any dis- 
tortion or straining when heating up or 
cooling down, and with this object, 
together with that of securing a truly 
balanced drum, all of them were ma- 
chined both inside and outside, as well 
as all the ribs and stiffeners. It is inter- 
esting to know that when the three large 
low-pressure drums were screwed to- 
gether and the gudgeons and disks were 
bolted in and tried in the lathe, the com- 
bination was found to run perfectly true. 

As a consequence of this precision and 
homogeneity there was no necessity for 
testing the balance by spinning the tur- 
















ranging from about 2 inches-up to 8 
inches. In all three instances there are 
eight steps or diameters of blade circles. 
The weight of the high-pressure rotor 
complete is over 72 tons; of the low- 
pressure rotor, 126 tons, and of the astern 
rotor 60 tons. The over-all length of the 
turbine rotors, including the bearings, is 
in the case of the high-pressure turbine 
45 feet 8 inches, of the low-pressure tur- 
bine 48 feet 174 inches, and of the astern 
turbine 30 feet 1%4 inches. The turbine 
cases are of cast iron, the largest piece 
weighing over 35 tons. Each of the cast- 
ings after being taken out of the mold and 
cleaned was put into an annealing furnace 
and reheated up to 800 or goo degrees 
Fahrenheit, at which temperature it was 
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LOW-PRESSURE ROTOR IN LATHE AT WALLSEND WORKS 
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kept for 24 hours, after which it was 
allowed to cool slowly and only taken 
from the annealing furnace when quite 
cold. This besides annealing the metal 
had the effect of taking out any casting 
strains. 

A great deal of consideration was given 
to the subject of blading. The segmental 
system was adopted as giving at least 
equal security and accuracy with the 
separate system of blading, and at the 
same time enabling the work of complet- 
ing the turbine to be done much more 
rapidly because the segmental settions 
could be built up contemporaneously with 
the manufacture and machining of the 
rotor and castings. In the case of the 
“Mauretania,” one of the turbines was 
completely bladed in 14 days, and when 
it is remembered that the total number of 
blades in this rotor was 50,000, it will be 
recognized that the system from the point 
of view of time confers a distinct advan- 
tage. A complete ring of blades is shown 
on page 6. 

Several systems of segmental blading 
were experimented with. In view of the 
packing pieces required for the larger 
blades, different methods of side calking 
for securing the roots of the blades were 
tested and there was devised a system of 
stringing the blades at their roots along 
with the distance pieces, in combination 
with a continuous shroud at the tips, as in 
Fig. 1. Fig. 2 shows a method of stay- 
ing by means of soft copper wire crimped 
between the blades. The Willans & Rob- 
inson system was also tested and two 
other systems of blading, as illustrated by 
Figs. 3 and 4. The Willans & Robinson 
arrangement commended itself for the 
roots, but the Parsons method of binding 
the blades was adopted. It has been urged 
that the bending of the blade over the 
base plate of the root, as shown on the 
plan of Fig. 4, tends to punish the metal, 
but tests were made to ascertain the ten- 
sile strength of the blade before and after 
the stamping to the bent form, and these 
tests gave results which were quite satis- 
factory. Vibration tests were also carried 
out to test the effect of the various meth- 
ods of fixing the blade roots. 

The blades are delivered in rolled bars 
and are cut to lengths in stamping presses. 
Where the Willans & Robinson system is 
to be adopted a similar tool stamps the 
root of each blade to form the right angle 
shown on the plan in Fig. 4 for insertion 
into the segmental root plate. A corre- 
sponding machine makes the indent for 
the Parsons binding strip near the tip of 
the blade, while a small milling machine 
fines the point of the blade to that gouge- 
pointed shape which is now universally 
adopted in order to obviate any effect from 
the seizure of the blade against the proxi- 
mate surface when running. The blading 
adopted in the Willans & Robinson system 
necessitated the construction of an in- 
genious tool which mills out the groove 
for each blade at the correct position in 
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the foundation plate of the segment. The 
blades are then assembled and secured to 
these root blades. 

With the Parsons system of root-fixing 
adopted for the machinery of the English 
battleship “Superb,” the system of manu- 
facture is only slightly different. The 
blades are similarly cut to length, the in- 
dent made where required for binding, 
and small tools used for boring the holes 
by means of which the blades are strung 
together on wire along with distance 
wedges. The wedges which on plan take 
the curve corresponding to the blade are 
similarly cut to length and bored. For 
the assembling of the blades and distance 
wedges castings are made to correspond 
to part of the circumference of the rotor, 
or the casing, and these form cheeks, 
which are bolted together with a distance 
piece corresponding to a groove in the 
rotor or casing. In building up one seg- 
ment or length of blading the wire is 
passed through the hole in one blade and 
secured. Distance wedge and blade are 


























gland recess at the casing end. The pack- 
ing is of the point or V-type, with very 
small clearance, with the addition of rings 
of steam pockets. There are at the outer 
ends Ramsbottom rings of bronze. In the 
case of the high-pressure gland there is 
one steam pocket, either to take reduced 
steam or to leak off to the condenser, as 
the conditions of running may require. 
In the case of the low-pressure and astern 
glands, there are two steam pockets; the 
inner one arranged to leak off to the end 
of the third expansion of the low-pres- 
sure turbine, the other to admit reduced 
steam at sufficient pressure to preclude 
the passage of air. 

The bearings for all the turbines are of 
cast iron lined with white metal on their 
running surface. The outer wall is in the 
form of a sphere which works in a dished 
pedestal, in order to insure an equal pres- 
sure upon all parts of the length, notwith- 
standing any possible deflection of the 
shaft. The bearings are arranged for in- 


ternal water circulation. The bearing cap 
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eS — Soft Copper ~ 


FIG. I FIG. 2 


alternately strung and tightened up in the 
groove between the cheeks by means of a 
calking tool, ingeniously formed with a 
groove on the lower side to fit over the 
wire. The stringing completed, the blades 
are turned up in the vertical line, and the 
next operation is the insertion of the 
binding wire, after which the lacing is put 
on around the binding wire and blade with 
silver solder heated by gas _ blowpipes. 
The rapidity with which the work was 
done results as much from the adeptness 
of the operators as from the admirable 
special appliances devised for the opera- 
tions. The segments are finally filed up 
to remove trimmings, burs, etc., and are 
ready to be inserted in the rotor or cas- 
ing. The segments being numbered ac- 
cording to their exact position in the tur- 
bine are assembled and calked into 
first with wooden mallets and 
later with special calking tools so formed 


the 
grooves, 


that they can be inserted between the 
blades to abut on the calking piece. 
The glands, by which the shaft is 


packed against leakage of steam from the 
high-pressure turbine, or of air into the 
low-pressure turbine, are of cast iron with 
a horizontal joint. and are bolted to the 
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Calking Strip 


FIG.. 3 


is also of cast iron, but has no water «ir- 
culation. At the center of each bearing 
there is fitted a safety strip of “Ajax” 
bronze, 3/100 of an inch below the white 
metal. This was provided so that if all 
the white metal by any chance gets heated 
and runs, the rotor will rest on the safety 
strip and the blades on the rotor will still 
be kept clear of the casing, while at the 
same time the casing blades will not rub 
against the rotor surface. 

The thrust block in the case of the 
high-pressure turbine is at the forward 
end, while in the case of the inner shaft 
it is between the lower-pressure ahead and 
the astern turbines. It is of cast iron with 
a bolted steel bush for holding the thrust 
rings. These latter are of gun metal, with 
white metal on the rubbing surface. The 
top portion of the thrust block takes the 
steam thrust, and the bottom portion the 
propeller thrust. The block in all cases 
is on a sole-plate of its own, and can be 
moved in a fore and aft direction for the 
purpose of adjustment by 
powerful bolts. 


means. of 
The upper portion which, 
as we have said, takes the steam thrust, 
can be moved relatively to the under por- 
tion. This allows for the adjustment of 
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running clearances in the thrust rings. 
The thrust shaft is bolted on the main 
turbine shaft by the usual couplings and 
bolts. 

For adjusting the dummies, which are 
of the face type, for the high-pressure 
and low-pressure turbines, and which run 
with very fine clearances in an axial di- 
rection, the whole block is moved either 
way to give the necessary clearance. The 
dummies in the astern turbine are of the 
radial type, so that the lateral adjustment 
of the low-pressure dummy does not af- 
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plied to the bearings either by the pumps 
direct or from an overhead gravitation 
system. In the discharge from the pump 
an oil cooler is interposed on one of the 
upper platforms. There are two pipes to 
each bearing and thrust, one from the 
overhead tank and the other from the 
pump. The pressure due to gravity from 
the tank is from five to ten pounds per 
square inch. There are four large tanks 
for reserve oil, and on the end of each 
bearing there is an oil save-all. The drains 
from the latter are taken to the drain tank 
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drain pipes from each bearing, enabling 
the engineer to see the amount of oil 
which is passing through. Each turbine 
has a set of lifting gears above it operated 
by a 30-horse-power motor. 


THE CONDENSERS 


There are two Lane condensers fitted in 
a separate compartment abaft the main 
turbine rooms. The cooling surface in 
each is about 41,500 square feet. The 
shell of each condenser is built up of 
steel plates with gun-metal ends, with 

















fect the clearance of the dummy in the 
astern turbine. Midway along the dummy 
there is a pocket which is connected by a 
pipe to one of the succeeding expansions. 
In the event of the pressure in this pocket 
being greater than in the expansion to 
which it is connected, a portion of the 
steam is allowed to leak into the expan- 
sion, the remainder escaping to the ex- 
haust. At the casing ends there are fitted 
micrometer gages, which enable the ex- 
act clearance of the dummies to be ascer- 
tained while running. 

Forced lubrication is applied to the main 
bearit..s and there are six Weir pumps 
in the center engine room between the 
low-pressure ahead and the astern tur- 
bines to maintain the pressure, two of 
which are reserves. The oil can be sup- 





below the astern turbine. In the case of 
the high-pressure steam ends and the low- 
pressure steam ends the drains are led 
in to the casing ends beyond the bearings. 
The casing end forms part of the same 
casting as the steam end of the turbine, 
and it is consequently important to main- 
tain an equitable temperature through the 
casting, so that there may be a minimum 
of variation consequent upon unequal ex- 
pansion. The outlet for the oil in the 
casing is, therefore, at a high level to in- 
sure that there will always be in the cas- 
ing a large gathering of oil which is at 
about the same temperature as the shaft 
within the bearing. There is less of min- 
imum effect upon the dummy clearances 
due to unequal expansion ‘in the whole 
bearings. Sight glasses are fitted in the 


COMPLETE RING OF LOW-PRESSURE ROTOR BLADING 


sight holes and examination doors. The 
tube-plates are of unusual size. The tubes 
are % of an inch in external diameter and 
18 B. W. G. The circulating water in- 
lets, of which there are two in each con- 
denser, are 32 inches in diameter. The 
circulating plant is the largest of its type 
afloat and consists of four Allen single- 
cylinder high-speed forced-lubrication en- 
gines, and eight of the Allen “Conqueror” 
type of centrifugal pumps. These pumps 
are arranged in pairs, each pair having a 
suction branch 22 inches in diameter and 
uniting into one common 32-inch dis- 
charge. There are four sets of wet-air 
pumps and four sets of dry-air pumps, by 
the use of which a vacuum of over 28 
inches, with a barometer reading at 29%, 
is easily maintained. 
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The Hydraulic Elevator—XAlll 


Description of 


the “Pulling” 


Type of Horizontal 


Elevator, 


Showing the Operating Principle of the Whittier Machine 





BY WILLIAM BAXTER, 


The “pulling” type of horizontal hy- 
draulic elevator differs considerably from 
the “pushing” type described in the De- 
cember number. The general appearance 
of the pulling type as made by the Whit- 
tier Machine Company, is illustrated in 
Fig. 143. The main operating valve is at 
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G, and the pilot valve is placed directly 
above it, at J. The automatic stop-valve 
is at H and is actuated by means of stop- 
balls N mounted on the rope L. These 
stop-balls are moved by contact with an 
arm attached to the crosshead which car- 
ries the traveling sheaves D, and shoes R 


tion as soon as the piston moves away 
from either end of the cylinder. 

The pilot valve is moved by the lever K 
in a manner more clearly shown in Figs. 
144 and 145. Fig. 144 gives a better idea 
of the construction of the traveling-sheave 
crosshead, and Fig. 145, which is a side 


FIG. 144 


view of Fig. 144, shows how the lifting 
ropes are secured. The shackle-bolts for 
the ropes are shown in Fig. 143, at Q. 
In Fig. 145, also, is shown an arrangement 
for operating the automatic stop-valve 
that differs somewhat from that used in 
Fig. 143. In the latter the valve is moved 


JR. 


through a small angle in either direction. 
The way in which the weight P returns 
the arm O to the central position is clearly 
shown in Fig. 145. 

If the sheaves shown in Fig. 145 are 
counted, it will be found that there are 
six stationary sheaves E and five traveling 


a 


if] 


sheaves D. If there were one traveling 
sheave and two stationary sheaves, the 
rope starting from the hitching point 
would run forward around one of the sta- 
tionary sheaves, thence backward over the 
top and around the traveling sheave, then 
forward again along the under side to the 

















on the crosshead slide within the side 
guides. The weight P, suspended from a 
chain which travels between the two small 
guide-sheaves located just below the valve 
casing, is for the purpose of bringing the 
automatic stop-valve to the central posi- 


FIG. 143. THE WHITTIER “PULLING”? MACHINE 


by stop-balls on the rope L, but in Fig. 
145 these balls are secured to a sliding 
rod L. In all other respects the apparatus 
is the same. The lever arm O is mounted 
on the automatic-valve shaft, and by 
the movement of the rod L it is rotated 


second stationary sheave, taking a quarter 
of a turn around it, thence upward to the 
top of the building. From this it will be 
seen that there‘is one set of ropes passing 
from the top of the first stationary sheave 
to the top of the traveling sheave, and 











one set of ropes on the under side passing 
from the traveling sheave to the second 
stationary sheave; and according to the 
rule already given for determining the 
ratio of the gearing, this would be a two- 
to-one machine. In this type of machine, 
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anchorage for the ends of the ropes. An- 


other objection to this arrangement is that 
as the traveling sheave moves forward it 
carries along with it the twist in the ends 
strong 


With 


of the ropes, thus developing a 
twisting strain in the, shackle-bolts. 
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of all the tension, while the forward parts 
have simply to hold the crosshead in posi- 
tion and carry the forward guide-shoes 
R. All the parts of the crosshead are 


made of wrought metal, either steel or 


iron. 


















































then, the gearing ratio can be determined 
by counting the sheaves, as it is equal to 
the total number of sheaves less one. 
Therefore, if there are six stationary and 
five traveling sheaves the gearing ratio is 
ten-to-one. 

Usually in the pulling type of elevator 
the ropes are secured near the cylinder, 
as in Fig. 145, but they can also be built 
with the ropes hitched at the forward end 
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FIG. 146 
above the stationary sheaves E. This 


construction is not as desirable, however, 
because it necessitates building an exten- 
sion upward from the ends of the guide 
frames strong enough to afford a safe 





FIG. 145 


the ends attached near the cylinder, as in 
Fig. 145, there is no such strain, because 
the lengths of the ropes running from the 
hitching point to the stationary sheaves 
never change. ~ 

The traveling-sheave shaft is inclined 
so that each of the sheaves D may be in 
line with corresponding sheaves E on the 
under and upper sides. If the sheaves 
were not so set, there would be danger of 
the ropes running off when the traveling 
sheaves are close to the stationary 
sheaves. The crosshead is designed so as 
to hold the traveling-sheave shaft in the 
proper position, shown in Fig. 146. The 
trunnions FF carry the guide-shoes R, 
Fig. 143, and are in line with the holes 
B’ B’ into which the piston-rods are 
secured, while the side rods C’ C”’ fit into 


The main and the pilot valves of the 
Whittier machine are shown in detail in 
Figs. 147 and 148, the first being a plan 
view and the second a sectional side eleva- 
tion. Looking at Fig. 147, it will be seen 
that the operating lever K is pivoted at 
the point F, so that when actuated by the 
operating ropes A A’ it imparts an end 
movement to the pilot-valve rod C. The 
ropes A A’ are connected with the operat- 
ing lever in the car by either a running- 
or a standing-rope arrangement identical 
with those used for vertical-cylinder 
elevators. 


CoNSTRUCTION AND OPERATION OF VALVES 

In Fig. 148 the pilot-valve rod C is con- 
nected with the upper end of the lever D, 
the latter being pivoted at G. The part B 
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the holes A A’ set at an angle to the trun- 
nions F F and the holes B’ B’. The bar 
C and the ends C’ of the side bars are 
larger than the bar E and the ends C”, 
because they have practically to take care 











From Cylinder 


which holds the pivot G is actuated by th« 
lever K. The supply pipe is connected 
with the right-hand end of the pilot-valve 
chamber through the pipe E. If the rod ( 
is moved to the left, high-pressure wate! 
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will pass through the pilot valve to the 
end J of the main valve and force the 
latter to the left, thereby connecting the 
cylinder with the discharge pipe, when 
the water will run out and the elevator 
car descend. The forward movement of 
the main valve will carry the lower end 
of the lever D to the left and the upper 
end to the right, until the pilot valve 
is returned to the closed position. If 
the pilot-valve rod C is moved to the 
right, the end J of the main valve 
will be connected with the discharge 
and the water will escape, then the 
pressure acting on the piston Ll _ will 
force the valves to the right and connect 
the supply pipe with the cylinder, which 
will fill with water from the pressure tank 
and the car will be forced upward. The 
movement of the main valve to the right 
will carry the lower end of the lever D in 
the same direction and the upper end to 
the left, and return the pilot valve to the 
central position. It is to be noted that 
the action of the valves is the same as in 
all the pilot-valve devices previously de- 
scribed in this series of articles. 

The pilot valve shown in Fig. 148 is 
provided with stuffing-boxes at each end 
to insure tight joints with the valve-rod, 
but this construction is not used in all the 
Whittier elevators; in some of them the 
pilot valve is made as shown in Fig. 149, 
where the escape of water at the ends is 
prevented by the use of cup packings. 
The pressure water enters through the 
port A, the discharge being through the 
port B; consequently, the cups are set so 
as to Oppose the pressure which is exerted 
in both directions from the port A. 

The construction of the automatic stop- 
valve of the type shown in Figs. 143 and 
145 is clearly presented in Figs. 150 and 
151, the former being a section at right 
angles to the axis of the valve, that is, 
parallel with the axis of the lifting cylin- 














FIG. 


149 


der, and the latter a section in line with 
the axis. Water flows through the valve 
into the cylinder from top to bottom, as 
indicated by the arrows, and flows out in 
the opposite direction. The valve B is 
rotated by a carrier A, and if water is 
flowing into the cylind@r, that is, if the 
car is running upward, the carrier will 
rotate the valve is a clockwise direction 
so as to cover the port C. If water is run- 
ning out of the cylinder (the car running 
downward) the carrier A will rotate the 
valve counter-clockwise so as to cover the 
port D; so that, in whichever direction 
the water may be passing through the 
valve chamber the valve will be moved 
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over the port through which the flow is 
outward, and the pressure will force the 
valve B against its seat. 

The valve B is held against the seat 
normally by the spring shown, which has 
sufficient tension for this purpose, but not 
enough to withstand the pressure of the 
water when acting to push the valve B 
toward the center. This construction is 
the same in principle as that used in the 
Otis vertical-cylinder elevators, and its 








FIG. 150 


FIG. I51 


‘ 
object is to render it possible to start the 
elevator on the return trip at a fair rate 
of speed notwithstanding that the auto- 
matic stop-valve is in the closed position. 
When the elevator is started on the return 
trip the water coming to the valve cham- 
ber from the opposite direction forces the 
valve B away from the seat sufficiently to 
start the piston, and as soon as the piston 
moves, the valve B, under the influence 
of the weight P (see Fig. 143), is drawn 
away from the port to the central posi- 
tion in which it is shown in Fig. 150, 
when the water has an unobstructed pas- 
sage through the valve chamber. 

Referring to Fig. 144, it will be seen 
that there are two piston-rods, bb. This 
construction serves to strengthen the 
crosshead bar C by applying the strain 
at points nearer the side bars, and in addi- 
tion it prevents the rotation of the piston, 
which would be undesirable, as it would 
increase the danger of pulling the rod out 
of the crosshead. 

The main valve in Fig. 143 is not oper- 
ated by a pilot, but is of the direct type, 
being actuated by a direct pull of the 
hand rope. In some instances this rope 
is controlled by a hand-wheel, but in both 
cases the effect upon the 


the valve is 


same. 





Spacing Dynamo Brush Sets 


As a general rule, the brush sets of a 
multipolar dynamo are evenly spaced 
around the commutator. Practical expe- 
rience shows that under these conditions 
there are appreciable local currents circu- 
lating among brush sets of the same po- 
larity. Such currents increase the arma- 
ture losses and temperature rise, and re- 
duce the overload capacity of the machine. 
Experiments which have been carried out 
show that by properly adjusting the po- 
sition of each brush set independently of 
the others such local currents may be en- 
tirely eliminated —The Engineer, London. 
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SWITCHBOARDS 


567. What is a switchboard? 

A switchboard as employed in modern 
electrical station work is a strong, non- 
inflammable support for the controlling 
and indicating apparatus used in connec- 
tion with generators and other electrical 
machinery. It is, therefore, more than its 
name implies, i.e., a board for switching, 
although this name in former years was 
accurately suggestive of the sole purpose 
for which it was employed. 


568. Js a switchboard an essential part 
of the equipment of every electrical 
station ? 


A small station or isolated plant con- 
taining one generator supplying current 
to a single circuit does not absolutely re- 
quire a switchboard, although a switch- 
board would be of great convenience in 
its operation. 
tains 


If the station or plant con- 
more than one generator, or sup- 
plies more than one circuit with current, a 
switchboard is more than a convenience, 
it becomes in a practical sense a necessity. 
It not only simplifies the wiring of the 
station by providing a central point to 
which the conductors from the generator 
or generators run, and from which, 
through the intervention of switches, the 
distributing wires branch out, but it 
affords a convenient and safe location for 
the electrical measuring or indicating 
instruments, the controlling rheostats and 
the safety devices used in connection with 
the generator or generators. If properly 
designed and constructed it protects the 
station building from fire risks and the 
station attendants from accidents. 

560. What factors govern the location 
of a switchboard in a small station? 

In a small station there is often but 
one attendant to care for the switchboard 
and the engine, or water-wheel, and other 
machinery. In such a the relative 
the station apparatus 
should be such that each may receive the 
necessary attention with the greatest pos- 
sible ease and safety. 


case 
positions of all 


When the engineer 
is at the switchboard he should have an 
unobstructed view of the 
also should be 


and 
able to see the commuta- 
tors of the generators. When he is at the 
engines or attending to the generators he 
should be able to see the switchboard in- 
struments clearly, and know fairly well 
where their pointers stand. 


engines, 


It is important to provide against acci 
dents, but it is equally important to be 
prepared for prompt and proper 
when a mishap does take place. 


action 
In elec- 
trical plants, as well as elsewhere, trou 
bles are liable to occur, and then the engi 
neer, if he is alone, is needed in several 
places at once. It may be necessary for 
him to be at the engine throttle to pre- 
vent an accident, while at the same time 
the switchboard may 


demand his atten- 


10 


tion to prevent the generators from sus- 
taining injury. For this reason, it is good 
policy to have all the controlling devices 
as close together as possible, and it is par- 
ticularly bad policy to have them sepa- 
rated by machinery of any description. 
It is criminal negligence to construct a 
plant in such a manner that an attendant, 
in going from one part of his work to 
another, must pass dangerously near a 
moving belt or pulley; it must also be 
borne in mind that usually, when trouble 
arises, a person has not the time care- 
fully to select his way from one machine 
to another, and that he is likely to take 
the shortest possible path. 

570. Give a plan of a small station and 
discuss the proper location of a switch- 
board therein, with respect to the factors 
just mentioned as governing it. 

Fig. 153 shows such a plan. Here a 
represents the boiler room and b the en- 
gine room. There are three generating 
sets, each consisting of an engine d and a 
dynamo e; steam is supplied by two boil- 
ers c and c, and the smoke is led to the 
chimney fA through the uptake ». The 
building has been made wide enough to 
provide for another set, room having been 
left for an engine and dynamo at f/f, and 
for a boiler at g. 

There are several logical locations for 
a switchboard in this plant. One is at k, 
in line with the machines; another at J, 
at right angles to them at the nearer side 
of the room; another at ¢, similar to J, 
but on the opposite side of the room; and 
still another at p. The location k presents 
an advantage over the others as regards 
the nearby unobstructed view of the gen- 
erators and engines from the switchboard, 
and of the switchboard from the ma- 
chines; also as regards the ease and 
quickness with which the station attend- 
ant can pass from one to the other. Its 
disadvantage is the risk to the attendant 
and the switchboard, incurred by being in 
line with the machines and belts where 
the flying apart of either would endanger 
both life and property. This disadvantage 
of the location k is therefore sufficiently 
serious to overbalance its good points and 
eliminate it from further consideration. 

The location |, although affording easy 
access to the machines and being free 
from the danger of flying parts, is objec- 
tionable on account of the obstructed view 
of the commutators, it being seen that these 
parts of the generators are on opposite 
sides of the machines. 

The location ¢ partially obviates the dis- 
advantage of the location /, but is not 
quite as convenient to the machines. On 
the whole, however, it is the best loca- 
tion thus far considered. 

The location p, next to that at k, affords 
the best view of and easiest access to all 
the machines. It is also free from the 
danger of flying parts, and unless it is 
certain that an additional generating set 
will be required in the future the switch- 
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board should be placed at this point; 
otherwise it should be located at ¢. 

571. Do the factors given in 569 as 
governing the location of a switchboard 
in a small station apply in the case of a 
large station? 

No; because in a large station there are 
several attendants always on duty and the 
work of each one is confined within a lim- 
ited space. In a large station the gener- 
ating units are often of the low-speed 
direct-connected type and not only are 
such machines less liable to fly apart from 
centrifugal force, but they are more com- 
pact and thus more easily and quickly 
reached. There is less objection, in sta- 
tions equipped with low-speed direct-con- 
nected sets, to placing the switchboard in 
line with the machines than there would 
be in stations equipped with belt-driven 
generators, but owing to the large staff 
of employees in a large station, and the 
accessibility of the machines, it is rarely 
necessary to place it there. 

In large stations the switchboard is 
often placed on a gallery overlooking the 


January 7, 1908. 


considerable amount of power is used for 
this kind of work, the loss in the conduc- 
tors leading to and from the switchboard, 
which is equal to their resistance multi- 
plied by the square of the current, must 
be kept low by locating the switchboard 
close to the generators. By thus shorten- 
ing the path of the current the resistance 
is made low and, in consequence, the drop 
in pressure, the loss in conductors and 
the cost of making connections are les- 
sened. 

For ordinary low-voltage work, where 
there is wiring on the back of the switch- 
board, there should be about four feet— 
not less than two and a half feet—of 
clear space behind the board; a four-foot 
space allows sufficient room for a man to 
work without being subjected to the 
danger of making false connections with 
his tools, or coming in contact with the 
wires. The blowing of a fuse, or some 
other accident back of the board, will 
sometimes cause a dangerous arc which 
may result in serious bodily injury, unless 
there,is room to get out of the way. If 
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FIG. 153. 





PLAN OF A SMALL ELECTRICAL STATION, SHOWING LOGICAL LOCATIONS FOR A 


SWITCHBOARD 


machinery. This is feasible where an 
attendant is provided especially for the 
board, but obviously in a small plant such 
a scheme would be impracticable. The 
advantages of a switchboard gallery are 
saving in floor space, accessibility to over- 
head line-wires, freedom from moisture, 
less danger, if fire should originate at the 
switchboard, of its reaching adjacent 
combustible material, and, in high-voltage 
systems, protection of station employees 
from serious or fatal accidental shocks. 

572. Mention some considerations that 
should govern the location of a switch- 
board in a low-voltage station. 

In a low-voltage station the drop in 
pressure between the generators and the 
switchboard is an important matter. An 
extreme case is that in which the cur- 
rent is used for electrolytic work. Here 
the electromotive force developed at the 
terminals of the machines may be but 5 
volts, with an equivalent of approximately 
150 amperes per horse-power. Where any 





the wiring is entirely on the face of the 
switchboard, the board may be placed 
against a brick or stone wall, although it 
is much better to have the board set out 
a small distance. 

573. Should the space back of the 
board be closed in, or not? 

This space should never be closed in, 
except by grating or netting, either at the 
sides, top, or bottom, as such an inclosure 
is liable to be used as a closet.for clothing 
or for storage of oil-cans, or rubbish. An 
open space is more likely to be kept clean, 
and is more convenient for making re- 
pairs, examinations, etc. 





A sight hole to enable a stoker to see 
the combustion without opening the fire 
door is a very useful adjunct to a furnace, 
as an intelligent stoker soon notesS what 
color indicates that the boiler is doing its 
best, and learns how to regulate his opera- 
tions to obtain that color. 
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Technical Aspects of Oil as FuelIV 


Economic Prospects of the Diesel Oil Engine; Comparison be- 
tween the Diesel and Gas Engines; Comparative Fuel Costs 





BY 


From the previous investigation into 
the behavior of oils as fuels for internal- 
combustion engines it is apparent that 
almost all known and available petroleum 
and mineral oils can be used for the 
production of power, but that they cannot 
all be burnt in the same type of prime 
mover; and, further, that oils like -petro- 
leum, which cannot be efficiently utilized 
i) engines employing mixture compres- 
sion, i.e, forming a combustible mixture 
outside the engine cylinder and igniting 
it by means of a sparker or hot tube in- 
side, because their high hydrogen con- 
tent will not allow of high compression 
(only 3 to 7 atmospheres), must be burnt 
in engines of the Diesel type, in which 
through the formation of oil gas within 
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the limit for the applicability of an oil 
as fuel is fixed by the temperature of 
compression, which must be high enough 
to form oil gas and to cause ignition and 
gradual combustion of the latter. But 
then, by the admixture of oils that ignite 
more easily, such as_ paraffin-hydrocar- 
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ENGINES FROM 1898 TO 1907 (NUERNBERG WORKS, GERMANY ) 


the engine cylinder, ignition is effected 
by either the heat of the charge or that of 


the combustion chamber, but without 
artificial or external means. This is, of 
course, generally speaking. No rigid 


limits can be drawn concerning the as- 
similation of the two types of engine or 
the possibility of employing a mixture of 
light and heavy oils in one system or the 
other. For instance, in Diesel engines 


bons, this limit can be reduced almost 
indefinitely. 

The practical perfection of the continu- 
ous-combustion type of engine, with the 
possibility thereby created of employing 
as fuels for power generation the lowest 
and cheapest grades of crude oil and of 
coal-tar oils, has been a great stimulus to 
the oil-power industry and has brought 
about a marked increase in the extent of 
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application of these engines, for a variety 
of purposes, all over the world. We only 
need to glance at Fig. 30, showing the in- 
crease from 1897 to 1907 in the manufac- 
ture and sale of Diesel engines and of 
oil horse-power as recorded by one fac- 
tory (Niirnberg), to become convinced 
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that with the almost unlimited quan- 
tities of fuel oil available from various 
sources the field of usefulness of this type 
of engine is bound to increase enormously 
in the future. The lower right-hand scale 
in Fig. 30 shows that the mean capacity 
of these engines has increased from 20 
horse-power in 1898 to 63 horse-power 1” 
1907. No larger units than 150 or 200 
horse-power in one cylinder, or 450 to 








{2 


‘600 horse-power in combination, are built 
at present, but large units will no doubt 
be produced as soon as there is a demand 
for them. This demand is likely to be m- 
stigated by the growing necessity to em- 
ploy oil power for traction purposes on 
land, as well as for the propulsion of ves- 
sels on waterways, canals and even at 
sea. 


DiEsEL O1L ENGINE vERSUS SUCTION GAS 
PLANT 

As far as the practical thermal eff- 

ciency, in contradistinction to the theo- 

retical thermal efficiency, of fuel utiliza- 
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gas producer and engine, the latter type 
is at a disadvantage, not alone on account 
of the lower compression pressures that 
must be employed and of the losses occur- 
ring in the producer, but because of the 
standby losses starting, standing 
idle and shutting down, which amount 
in the smaller plants to as much as 10 
per cent. of the full-load running fuel. 
In large plants this loss can be reduced 
to about 2 per cent., but, again, when the 
producer leaks, it may rise to over 10 
per cent. 

In Fig. 31 curves are plotted showing 
the hourly heat consumption of a 200- 


while 
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In Fig. 32 the corresponding consump- 
tion curves of a Diesel oil engine are 
plotted. They are much lower and show 
quite different characteristics, in that the 
thermal efficiency of fuel utilization, based 
on the indicated output, increases with de- 
creasing load from 41 to 44.5 per cent. 
In Fig. 33 the limitation values of fuel 
costs are given for conditions such as pre- 
vail in Germany: Curves J show the cost 
of operation with a suction gas engine 
when burning cheap, brown coal and when 
using expensive anthracite or coke, re- 
spectively ; curves J] give the correspond- 
ing cost of operation with a Diesel oil en- 
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tion is concerned, the oil engine and the 
gas engine are almost on a parity. We 
have a 7o-horse-power Diesel oil engine 
showing on test an indicated thermal effi- 
ciency of 41.7 per cent. and a 20-horse- 
power Gtildner gas engine running ot 
illuminating with corresponding 
efficiency of 42.7 per cent. Such small 
differences in efficiency are the result of 
minor dissimilarities in construction, not 
of the cycle superiority of one type of 
cngine over the other. 


gas 


a 


Comparing a Diesel oil engine with a 


horse-power (maximum load 240 horse- 
power) suction gas plant at various loads 
and when stopping, and the consumption 
figured on one effective horse-power-hour. 
The dotted line shows the theoretical con- 
sumption curve per hour based on the as- 
sumption that the thermal efficiency for 
the indicated horse-power would remain 
the same (26 per cent.) down to no load. 
In practice this assumption does not hold 
true, because the thermal efficiency of 
the producer and that of the engine both 
decrease with the lower loads. 


gine when burning cheap paraffin oil, th 
fuel being shipped in special tank cars 
from the central depot to the place o! 
usage, and the cost of operation when th 
oil is transported in barrels, which is mor 
expensive on account of the 
freight charges imposed by the gover 
ment. From this comparison it wou! 
seem that there is no advantage in 

use of the Diesel engine over a_ suct! 


excess 


gas plant for stationary purposes. 
However, in order to arrive at cor! 
conclusions, every individual case has 
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be treated separately and all factors which 
contribute to the commercial economy co- 
efficient of the proposed plant must be 
embraced in the consideration. This is 
done in Fig. 34. It is assumed that for a 
certain locality (in Germany), where a 
200-horse-power plant is to be installed, 
the cost of oil for a Diesel engine is 880 
marks per 100 kilograms, or $21 per ton, 
while the cost of good, producer anthra- 
cite is 320 marks, or $7.60 per ton de- 
livered. With these prices given the fuel 
cost per hour for 100- or 200-horse-power 
units, at various loads or when stopping, 
can be determined, as has been done in 
the left-hand diagram of Fig. 34, on the 
basis of the results of Fig. 33. It is as- 
sumed that the plant may serve either to 
Fuel Cost for 200 H.P. 
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ff 400 
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For each of these plants the momentary 
cost of operation has been plotted on the 
basis of the consumption curves on the 
left-hand side of the diagram, and the 
resulting areas, which give the daily cost, 
have been planimetered. It is seen (what 
is also known from general power-plant 
practice) that the plant load factor has a 
most decided influence on the direct and 
indirect operating expenditures, and that 
the higher the continuous load on the 
plant the lower is the cost of generating 
This must be 
considered, also (and is decisive when 
choosing between gas and oil power for 
small plants. As a further 
these investigations the fact is revealed 
that a combination plant, in which the 


electricity. characteristic 


outcome of 


Department Store 
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FIG. 34. 


deliver electric light to a department store, 
hotel or other business, or that it may be 
used to operate a small, electric central 
station. The load curves for both cases 
have been drawn. They show long pe- 
riods of stoppage and occasional low loads. 
Different combinations of a 200-horse- 
power plant have been assumed, namely, 
a 200-horse-power suction gas producer 
and engine, or a 200-horse-power Diesel 
oil engine, each forming one unit; further, 

200-horse-power suction gas producer 
and two gas engines of 100 horse-power 
each in competition with two 100-horse- 
power Diesel oil engines; and finally, a 
combination plant consisting of a 100- 
horse-power gas producer and engine and 
a 100-horse-power Diesel oil engine. 


$3.78 


TO-Ce™ HP. : 


C8)0 ap. ree ech 


lh 6 he 
SHOWING COMPARATIVE FUEL COST OF A 200-HORSE-POWER SUCTION GAS PLANT 


PLANT, IN VARIOUS COMBINATIONS 


producer-gas engine takes the continuous 
loads, while the oil engine the 
peaks, being shut down during short stop- 
pages or periods of low load without caus- 
ing any standby losses, is the cheapest 


covers 


mode of operation so far available and it 
is used frequently in German practice. 
Of course, a combination plant of this 
kind requires more skilled attendance than 
either a straight producer-gas or a 
straight oil-engine plant. 

As far as the of amortization, 
lubrication and repairs are concerned ex- 
perience has established that a good 
modern suction gas plant and a Diesel 
oil-engine plant of the same size, for the 
same service and under identical load con- 
ditions demand the same current expendi- 


items 


13 
tures. For a large producer-gas plant a 
special attendant must be engaged in addi- 
tion to the engine attendant, for charging 
and poking the producer. un- 
avoidable. when a cheap coal of the bad 


This is 


caking variety is used as fuel, unless the 
producer is equipped with a mechanical 
poking device. If these additional expen 
ditures are added to the fuel cost of the 
producer-gas plant the superiority of the 
Diesel oil engine as regards the total oper- 
ating 
nounced, so that even with oil high in 


expenditures is even more pro- 
price the latter type remains capable of 
competition even with a suction gas plant 
burning lignite or brown-coal briquets, es- 
pecially the 
quent periods of low load and stoppage 


when service involves fre 
Daily Load 
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AND A 200-HORSE-POWER DIESEL OIL-ENGINE 


The comparison as developed in the 
preceding may also serve as a basis for 
selection between gas and oil power in 
the United States for plants up to about 
1200 although, of 
different prices for fuel must be inserted. 
We can get in several parts of the United 


horse-power, course, 


States producer anthracite at prices rang- 
ing from $3 to $5 per ton delivered. No 
reliable figures on lignite or brown-coal 
briquets are available, because the trans- 
portation factor is such an uncertain quan- 
tity in this country of private railroads. 
The price of Pennsylvania oil is $1.60 per 
barrel at present, but with decreasing pro- 
duction continued the 
Standard Oil Company it is likely to rise 
to $2 per barrel, or $15 per ton, before 


and control by 
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long. But even then, prices are yet much 
lower than in countries like Germany, 
which have to pay a high duty on oil im- 
ports. 





Gas-power Papers at the 
A. S. M. E. 


At the annual meeting of the American 
Society of Mechanical Engineers held last 
month a group of very interesting gas- 
power papers was presented. The first 
one on the list was by Franz E. Jungé on 


THE RATIONAL UTILIZATION OF LoW-GRADE 
FUELS IN GAS PRODUCERS 


The author gave a brief résumé of the 
methods employed abroad and offered 
some broad-view suggestions to the 
American gas-power industry as to the 
best course to pursue in utilizing the 
natural fuel resources of this country. 
The paper is too broad in scope and ex- 
haustive in treatment to be abstracted sat- 
isfactorily. 

In his concluding paragraph the author 
said that according to the present state of 
our knowledge, the rational utilization of 
coals of high volatile contents requires 
the adoption of gas producers with by- 
product recovery and the distribution of 
heat, light and power from gas-driven 
central stations to the neighboring dis- 
tricts, a scheme which is feasible only 
when operating on a large scale and 
where staple markets for the disposal 
of goods lie within the commercial dis- 
tribution radius of the plant. Fuels of 
high ash contents, on the other hand, such 
as mine culm and other waste of low 
heat value, must be used at the spot in 
producers specially equipped for the pur- 
pose. Dust coals and similar fuels can 
either be gasified in producers particularly 
designed for their use, or they may be 
transformed into briquets, whereupon 
competition becomes possible with the 
best grades of coal for all manner of ap- 
plication. In all cases the employment, in 
the electric central station, of large gas 
engines is a logical supplement to the gasi- 
fication of coals in producers and is the 
only means, so far available, for attain- 
ing maximum industrial economy in the 
operation of plants of some magnitude. 

In the ensuing discussion, Dr. Charles 
E. Lucke expressed the opinion that the 
gasification of low-grade fuels was not 
yet commercially feasible in this country 
because of the high first cost of the plant 
and expense for labor. The labor item in 
a gas-producer plant using favorable fuel, 
he explained, is low, but when unfavorable 
fuels are used the labor cost goes up rap- 
idly. In one case of which he knew, the 
cost of gasifying Pocahontas steam coal 
was three times that of gasifying anthra- 
cite coal at the same rate. Another diffi- 
culty with low-grade fuels, he said, is the 


POWER 


necessity for shutting down occasionally 
to clean out the producer. This required 
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The analyses of ‘the firing and running 
coals were as given in Table 2. 





TABLE 2. 















































FUEL ANALYSES. 
, Moi B.T.U. PER LB. 
. 7 Volatile Fixe Mois- ‘ 
Sample. No. Matter. Carbon. ture. Ash. 
Dry. Actual. 
a 7 _ - - f 1 19.15 73.50 0,85 6.5 14,313 14,181 
2 20.12 73.60 1,09 5.19 14,531 14 ,360 
3 20.40 73.30 0,70 5.6 14,407 14,306 
: 8.30 75.40 0,90 5.4 14,484 14,347 
Clearfield bituminous* used during : en —- 0°60 542 14.531 14,445 
— 1020.75 71.81 0.75 6.69 | 14,345 | 14,236 
15 19.70 74.79 0,90 4.61 14,594 14,457 
18 19.30 76.40 1,00 3.30 14,641 14,486 
20 20.43 71.41 1.05 7.11 14 ,232 14,069 
Average Of 9 SAMPIES.........cccccsscccccces 19.87 73.71 0.87 5.54 14 ,450 14 ,321 
Anthracite for building fires............... 5.20 78.95 3.20 12.65 12,709 12,320 
i I oo aii ik si esinn cainue doen deus 88.25 1,15 10.6 11 977 11,840 
WYOM UNGOSr CUMMOL .. .<.00.0000 2000000006 87.80 1,40 10.8 11,946 11 ,780 
Including ash in producer ash-pits...... 88.30 0.70 11.0 11,946 11,850 
RIOTOROS 660ss 668500000 RATA ds 88.12 1.08 10.8 11,956 | 11,823 








*Sulphur in Clearfield samples; No. 
20, 0.69 per cent.; Average, 0.83 per cent. 
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.05 per cent.; No. 














the provision of expensive reserve equip- 
ment. 

J. R. Bibbins presented the results of 
some tests made by the Westinghouse 
Machine Works with buckwheat, rice, bar- 
ley and culm. The producer was built for 
ordinary anthracite pea coal and no 
changes were made in its construction to 
favor the small fuel. It was found neces- 
sary, however, to the fuel bed 
about 25 per cent. thinner, or shallower, 
than with regular fuel. The use of culm 
was found to be impractical because of its 
tendency to pack and thereby ghoke the 
draft. A mixture of buckwheat, rice and 
barley gave gas of about the same heat 
quality as that from pea coal, while rice 
and barley without the larger size gave 
lower heat values. To burn these grades 
of fuel under a steam boiler, he said, 
would require about three times the labor 
required by the producer plant. 


carry 


Duty Test oF A GAS-POWER PLANT 


was the title of a paper read by J. R. Bib 
bins. This presented the results of a 
very complete test of the 500-horse-pow- 
er gas-power plant of the Norton Com- 
pany, Worcester, Mass. The coal used 
was Clearfield run-of-mine bituminous, of 
14,321 B.t.u. per pound heat value, as 
fired. A 51-hour continuous run showed 
the following results: 


COAL, WATER AND OIL 


TABLE 1. 











ECONOMY. 
we «OS -§ 
Sm | . ga 
seis 55 
eee ae a 
= 
Rate per Kw.-hr....(332.5 
Fu jeccccccccccce cocces 1.885 14,12 000018 | 1.402 


kw.) 
Rate per b.h.p.-hr..(482.9 
PMs s 0.0:4:4000-0:000000) Bee 
Rate per i.h.p.-hr.. (579.0 
Piinsks ad ateasucasen 1.078 8.075 0.000104) 0.805 


9,74 0.000125) 0.965 





Average thermal efficiency of plant, 
18.43 per cent.; engine, 24.93 per cent.; 
producer, 73.81 per cent. 


The distribution of heat at average load 
was computed to be as given in Table 3. 








DISTRIBUTION OF HEAT AT 
AVERAGE LOAD. 


TABLE 3. 




















ENGINE ENTIRE 
ONLY. PLANT. 
2 5S v 
8) See 24.9 | 22,98 18.38) 16,97 
PiloctVicel IOGHOR.....60s.clscesice] A BMsccses| 1,41 
Friction and pump work. 4,58) 4,58 3,387) 3.37 
Jacket absorption........ 34.22) 34.22 25.22) 25.22 
Exhaust and radiation 
(by bal.)...... 36.3 } 36.3 26,81) 26,81 
|. 


Loss in producer............ 22) 26.22 
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The average gas analysis by volume 
was about as follows: 


Per cent. 
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Dr. Chas. F. Lucke, of Columbia Uni- 
versity, read a most interesting paper on 


CoNTROL OF INTERNAL-COMBUSTION 
ENGINES 


in which he described some experiments 
made with a view to determining the re- 
lation between the composition of a com 
bustible mixture and the temperature at 
which it will ignite without a spark o1 
flame. This information has a _ direct 
bearing upon gas-engine performance in 
that the ignition point of the mixture de 
termines its tendency to premature igni 
tion by the temperature produced by com 
pression. Dr. Lucke’s statements were 
based on a series of experiments carried 
out by Dr. K. G. Falk, the results of 
which indicated that the minimum tem 
perature of ignition is determined either 
by the ratio of hydrogen to oxygen or by 
the ratio of carbon monoxide to oxygen, 
whichever criterion proves to be the 
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smaller. The experimenter found that 
the minimum ignition temperature of hy 
drogen was obtained when the volumes of 
hydrogen and oxygen were equal, forming 
peroxide of hydrogen as the product, and 
that of CO mixture when the volume of 
carbon monoxide was twice that of oxy- 
gen; these minimum temperatures were, 
respectively, 787 and 874 degrees Centi- 
grade. In mixtures containing more than 
one combustible gas, all other constitu- 
ents may be considered neutral and the 
ignition temperature due to the hydrogen 
computed by the formula 


T = Tu + 302%, 


while that due to the carbon monoxide is 
computed by the formula 


2 = Too ot 80 n. 
In these formulas 


Volume of other gases 


* Volume of H or O, or CO or O, which- 
ever is smaller, 
T = Ignition temperature of whole 
mixture. 
Tu = Ignition temperature considered 


as a hydrogen mixture. 
Tco = Ignition temperature considered 
as a CO mixture. 


These last two temperatures are given 
by the tables below: 
HYDROGEN AND OXYGEN. 


| Ignition Te - 
sictliiinian', g m Tempera- 
Mixture by! Atmospheres; |“‘ture Corrected 





r | iabatic © - : : 
Volumes, | 44 vb utic Com for Moisture: 
pression. : 
| Centigrade. 
4H, + O, | 47 maximum. 878 
2H, + O, | 813 
H, O, | 33 minimum. 787 
H, + 20, | 803 
H, + 40, 844 





CARBON MONOXIDE AND OXYGEN. 








Ignition Tempera- 


ee : .| Atmospheres: 
Mixture by Adis ; ‘ P “ — ture Corrected 
Volume. i abatic Com- for Mois 2 
pression. o1 I oisture : 
Centigrade. 
6CO + O, 76 maximum. | 994 
4CO +O, | 901 
2CO +O, 43 minimum. | 874 


co +0, 904 


Dr. Lucke also offered some interesting 
suggestions as to the causes of explosive 
waves in gas-engine cylinders and the re- 
lation between irregularity of gas-engine 
performance and the variations of mix- 
ture characteristics that are beyond defi- 
nite control. Small pockets and con- 
tracted extensions of the combus- 
tion chamber, such as a capped pipe nip- 


ple screwed into an indicator orifice, he. 


said, will nearly always produce explo- 
Sive waves. Mixture variations are next 
to impossible of control because of the ef- 
fects of the different sizes and shapes of 
the openings through which the air and 
gas flow to the cylinder and the varying 
pressures and suctions which produce 
their movement into ,the cylinder. Con- 
sidering these widely varying factors, it 
is not remarkable that indicator diagrams 
vary with a given load and quality of 
fuel, but surprising that results correspond 
as nearly as they do. 
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THE EVOLUTION OF THE INTERNAL-COMBUS- 
TION ENGINE 


Under this somewhat ambitious title 
Prof. S. A. Reeve read a paper in which 
he pointed out the deficiencies of the gas 
engine in the matters of regulation and 
reliability and suggested a novel gas-pow- 
er system. Broadly, the system comprises 
a furnace or combustion chamber through 
which a compressor forces the mixture, 
which is ignited in this chamber. The 
burning gases evaporate water in the fur- 
nace and a mixture of hot gases and 
steam passes to a compound engine, where 
it is expanded in two stages, exactly like 
steam. The author described an experi- 
mental engine and furnace of this type, 
but did not give any information as to 
the performance of the outfit beyond 
stating that the exhaust looked like that 
of a steam engine, but its temperature was 
much below 212 degrees, Fahrenheit. 





Relative Compactness of Turbine 
Stations 





The table on page 16 and the chart here- 
with formed a part of a paper by 
J. R. Bibbins, engineer of the Westing- 
house Machine Company, at the recent 
meeting of the American Street Railway 


Association. The table comprises the 
principal data on the various _ sta- 
tions. In the chart, the curves show 


principally the element of space occupied. 
The lower curve represents net generat- 
ing room area, exclusive of switchboard 
room, i.e., the actual space devoted to 
generating machinery and the necessary 
auxiliaries. It is instructive to observe 
that there is little to choose between the 
horizontal and vertical types of turbines, 
the facts pointing to the former if any- 
thing, as tending to secure the most com- 
pact construction. This is principally due 
to the fact that there is usually room for 
surface condensing apparatus directly be- 
neath the turbine within the skeleton or 
structural foundations, while the vertical- 
type turbine requires extra floor space for 
condensing apparatus and auxiliaries, ex- 
cept when sub-base condensers are used 
Even then the advantage is not mater- 
ially greater. For instance, the Bennings 
station, Washington, which seems to be 
relatively the most compact of its kind 
using base condensers, appears on the 
plot as not materially lower than the av- 
erage station; while, on the other hand, 
Boston Edison, containing the same type 
of condenser, appears to considerable dis- 
advantage, largely owing to the ar- 
rangement of the boiler and auxiliary 
plants. In this comparison, the Fort 
Wayne station easily approximates the 
average. 

The second curve shows the relative 
ground floor area of the total plant as 
installed, whether single-, double- or 
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triple-deck. Here a great discrepancy 
appears, owing to the wide difference in 
arrangement of boiler rooms. In this 
respect, the comparative data form hardly 
more than a record. Here the Fort 
Wayne station appears to the greatest 
advantage—showing the same _ relative 
compactness as stations some four or five 
times its capacity. 

In many of these stations, economizers 
are provided for on the boiler floor; in 
others, on a separate floor or gallery 
above. Hence, comparison can best be 
made on a single-deck boiler or generat- 
ing plant throughout. In the diagram, 
all of the multiple-deck plants are also 
designated on the single-deck basis, and 
the results are at wide variance. But 
here again the Fort Wayne station com- 
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pares favorably with stations many times 
its capacity, so that from all standpoints, 
the constructive scheme employed seems 
well taken. 

For purposes of comparison, a number 
of large engine-driven plants have been 
added to the diagram—Waterside station 
No. 2 appearing to be the most compact 
in spite of the triple-deck boiler room 
of the Ninety-sixth street power house 
of the Metropolitan railway system. 

In the matter of boiler capacity al- 
lotted to a given generating equipment, 
the comparative table shows general prac- 
tice to average about 0.75 boiler horse- 
power per kilowatt—in some cases running 
as high as 1 boiler horse-power per kilo- 


watt, and as low as 0.6. In but one 
plant, however (Carville), is the ratio 
considerably below that at the Fort 


Wayne station where the combined light- 
ing and traction service occurs. 
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Practical Letters 


POWER 


from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





WE 


How High Should a Boiler Be 
Placed above Grate-bars? 


Inthe year 1900, when I was writing a 
book on “Steam Boiler Economy,” I wrote 
the following: “Furnace Not Adapted to 
Coal.—Thirty or forty years ago it used 
to be the custom to set grates near to the 
shell of the boiler, 12 to 15 inches being 
a common distance, the idea being that 
there was a loss of radiant heat if the 
boiler was removed a greater distance 
from the grate. The idea was erroneous, 
as may be learned by considering the ques 
tion, ‘If the heat is lost, where does it go?’ 

“With dry anthracite coal,-which burns 
practically w'thout flame, almost any kind 
of furnace is a good one, but a furnace 
in which the grate is 12 or 15 inches from 
the boiler is entirely unsuited to the burn- 
ing of bituminous coal. With very smoky 
coal, 4 feet is sometimes used; and 6 or 
8 feet would be better. 

“A furnace for a steam boiler is not 
adapted to the coal whenever the flame 
from the coal is extinguished by the com- 
paratively cool surfaces of the boiler, and 
whenever it is not possible by skilful oper- 
ation of the furnace to prevent smoke es- 
caping from the chimney. A smoky chim- 
ney is proof either of an improper fur- 
nace for the kind of coal, or of unskilful 
firing, or both; usually of the former.” 

So I put myself on record several years 
ago in favor of a distance of six or eight 
feet between the boiler and grate for 
smoky coal. Since that time I have fre- 
quently had occasion to lecture, or take 
part in debates, on the subject, and I have 
said that for some Western coals, I would 
recommend 10 feet and for lignites 20 
feet, but I have not found anyone with 
sufficient courage to take my advice. I 
find now, in the November number of 
Compressed Air, that the Commonwealth 
Edison Company, of Chicago, “has given 

good 14 feet between the point where 
the coal reaches the furnace and the point 
where the gases come into contact with 
the cool surfaces of the boiler tubes. This 
distance has been sufficient to permit all 
of the gases to reach the point of ignition 
ind to burn themselves out.” And, fur- 
ther, “The result is unquestionable in that 
no smoke ever comes from the stacks of 
the Harrison street plant of this company, 
even when firing is the heaviest. It is de- 
clared even that the fire cannot be forced 
sufficiently to make the chimney smoke, 
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This very happy result was brought about 
by an invention of W. L. Abbott, the man 
in charge of the operation, who had ad- 
justed the fire grate and boiler in a way 
to produce the results desired.” 

The first thing to be done in bringing 
about an abolition of the smoke notions 
is to get people to believe that smoke 
really can be prevented. The experience 
of the Commonwealth Edison Company, 
therefore, should be published as widely 
as possible. 

WILLIAM KENT. 

Syracuse, N. Y. 





Steam-turbine Tests 





Permit me to. verify the statements 
made in the November number in connec- 
tion with an economy test on a large tur- 
bine of the Parsons type at the New York 
Edison Company’s station. The accuracy 
of the results has been called into ques- 
tion by a contributor to one of your con- 
temporaries. I therefore desire, first, to 
uphold the accuracy of your published re- 
port and, second, to correct a popular mis- 
conception regarding comparison of tur- 
bine economies under different operating 
conditions. 

The point at issue is whether the water 
rate of 14.9 pounds per kilowatt-hour, de- 
veloped by the New York Fdison turbine, 
represents higher economy than 12.5 
pounds per kilowatt-hour said to have 
been developed by a large Curtis turbine 
at the Chicago Edison Company’s plant. 
Presumably the latter figures have been in- 
correctly quoted from a test recently re- 
ported on a gooo-kilowatt turbine of the 
Chicago Edison Company, which showed 
a maximum economy of 12.9 pounds per 
kilowatt-hour ate 10,000 kilowatts load. 

Now, as far as I am able to ascertain, 
the basic facts are these: Taking both ma- 
chines at their point of maximum econ- 
omy, the Westinghouse-Parsons turbine 
developed a water rate of approximately 
15.1 pounds per kilowatt-hour output at 
the switchboard for two consecutive 
hours, with an average steam pressure of 
175 pounds gage, 97 degrees superheat and 
27.3 inches vacuum. Correcting to con- 
tract conditions, 175 pounds pressure, 100 
degrees superheat and 28 inches vacuum, 
this is equivalent to 14.73 pounds per kilo- 
watt-hour. The Curtis turbine, on the 
other hand, developed 12.9 pounds per 
kilowatt-hour with 176 pounds pressure, 
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147 degrees 
vacuum, 


superheat and 29.5 inches 
Correcting to the above contract 
conditions, by percentages advocated by 
the builders gf these machines, it develops 
that the equivalent water rate at the same 
load is 15.08 pounds per kilowatt-hour 
These results might be reduced still 
farther—to a basis of dry-saturated steam 
—and still be within the limits of your 
published statement regarding the eco 
nomic record established by the New York 
Edison tests, but I believe the above fig- 
ures will be sufficient 
view. 

The inference drawn from the above, is 
that economy tests are not comparabh 
from etiher a technical or a commercia 
stand point, respective Operating 
conditions are known, so that it is mani 


for the point in 


unless 


festly improper to question the accuracy of 
your published such a 


perficial basis. 


report upon su 
And, in making compari 
sons such as these (which heretofore hav« 
seemed neither necessary nor opportune), 
I do so purely in the interest of a cleat 
the for 
the purpose of drawing illusive conclu 
sions even though the latter may be quit 
tenable on careful analysis. 
the performance of prime movers, we must 
not simply accept the rate of consumption 
of heat energy in the form of steam, gas, 
oil, etc., but make comparisons on a true, 
scientific basis, else the results will quickly 
lead to erroneous conclusions. The sooner 
these principles are clearly understood and 
appreciated at their true value, the sooner 
will the apparently great disparity between 
turbine tests, such as those above outlined, 
be dispelled. 


understanding of situation, not 


In examining 


And herein, by the way, lies the great- 
est fallacy in the ceaseless struggle for 
of 
course, interested from a personal stand- 
point in the attainment of the highest 
cyclical efficiency for all forms of prime 
movers; but high efficiency per se means 
little from a commercial standpoint, unless 
the cost of attaining it is reckoned. This 
is particularly true of the extreme operat- 


high economies. Every engineer is, 


ing conditions assiduously cultivated in 
turbine operation. Unquestionably, the re 
sults are spectacular, but when we take 
into consideration the 
tenance and complexity of the auxiliary 


equipment and the losses incident thereto, 


extra cost, main- 


our enthusiasm wanes, and we intuitively 


seek a lower plane where efficiency and 
cost form a more reasonable balance. 


J. R. Bresins 
Pittsburg, Penn. 
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Why the Converter Failed 
to Pick Up Load 





In reply to Frank J. Thompson’s letter 
on page 707 of the October number, as 
to why one of his converters failed to 
pick up the load, I should judge that it 
was due to armature reaction. This was 
explained in an excellent article on page 
447 of the July (1907) number, entitled 
‘Reactions Between Compound-wound 
Generators Operating in Parallel,” in 
which it is stated (second column, page 
448), that “the armature exerts a demag- 
netizing action on the field and this 
action increases with the brush lead and 
with the armature current. If the field 
excitation be kept constant, as in com- 
pound generators in parallel, any increase 
i armature current will decrease the 
field m.m.f., and hence decrease the mag- 
netic flux through the armature core, 
which in turn decreases the voltage devel- 
oped, other things being constant. Also, 
an increase of current will increase drop 
of voltage in the armature due to resist- 
ance. Hence there are two causes which 
reduce the terminal voltage of a generator 
as the current increases, the field and 
speed being constant.” 

In Mr. Thompson’s case the speed is 
constant, and as he states that he has 
cut the series winding in with the shunt,” 
his field would be constant but for the 
reactions which take place, as pointed out 
above. 

The remedy would be to reduce the 
brush lead or increase the field strength 
of the machine that fails to take its share 
of the load; or else to increase the brush 
Jead or decrease the field strength of the 
machine that takes more than its share of 
the load. : 

The remedy, however, would depend on 
how far the brushes could be shifted 
without sparking, and the effect that 
changing the field strength would have 
on the alternating current supply circuit. 


G. E. Ratstin. 
Indianapolis, Ind. 





‘Feeding through the Blow-off ” 





This question has been discussed by 
engineers for many years, and in a vol- 
ume of the Scientific American over 
twenty years old I ran across a series of 
arguments pro and con exactly the same 
as those advanced at the present day. In 
the November number of Power, , on 
page 783, R. Manly Orr shows a sug- 
gestion for feeding through the blow-off, 
and states that the one thing he guards 
against is pumping in cold water when 
the waters are not hot, etc. He could 
overcome the cold-water difficulty by 
closing the valve B and feeding through 
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the valve A (see reproduced sketch here- 
with), when there is no fire in the fur- 
nace. This would help the hot and cold 
water. Of course, his boilers might not 
have been fitted originally with the valves 
placed as shown in the November num- 
ber, but they could be connected this 
way to overcome this drawback. 

As to the idea advanced by “R. A. 
G.” (also on page 783) as to the blow- 


off pipe becoming blocked with scale, 


this could also happen with a top feed, 
and much more quickly if the pipe ex- 
tends into the boiler any distance. In 
fact, I imagine it would be much more 
likely for a top feed to get partly blocked 
with scale from the feed-water before be- 
ing noticed than for the same thing to 
happen to a blow-off pipe, for the careful 
engineer will blow down the boilers at 
least three times a week, and he would 
be sure to notice any difference. in the 
time required to lower the water in the 
boiler a certain distance. Then the 
trouble could be remedied before any 
damage resulted. On the other hand, he 
might not notice that the top feed was 
getting choked until he found the pump 
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MR. QRR’S SUGGESTION FOR FEEDING THROUGH 
BLOW -OFF 


laboring to force the water through the 
contracted opening in the pipe. 

Again, a top-feed is generally of 1%4- 
or 1%-inch pipe, while a blow-off pipe is 
seldom smaller than 2 inches. 

As to the back head scaling, as stated 
by “R. A. G,,” with blow-off feeding, in 
my own case I am not troubled with it. 
Two of the boilers are fed through the 
blow-off and several have top and end 
feeds. A couple of the top-feeds dis- 
charge the water about half way along 
the boiler, right at the top row of tubes. 
With the case of the blow-off feeds 
there is practically no scale formed on 
the back head, but with the top-feed, 
scale collects on the tubes where the 
water is discharged from the top to the 
bottom, and this has to be removed 
every time we clean out. I also have the 
water of condensation from a number of 
heating coils pass into the boiler through 
the blow-off pipe. I have read the state- 
ment that a great deal of scale will col- 
lect at the back end through blow-off 
pipe feeding. Perhaps it will in some 
cases, but speaking from my own experi- 
ence I cannot say that I have noticed it. 
In fact I can find little if any difference 
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in results obtained whether the boiler has 
top or bottom feed. 
James E. NOBLE. 
Toronto, Can. 





‘*Blow-down Valves on Water 
Columns ”’ 





In the September number, on page 630, 
and in the November number, pages 776 
and 777, letters appear relative to blow- 
down valves on water columns. In my 
estimation it is a bad policy to leave the 
main steam valve open longer than is act- 
ually required to allow the boiler that is 
cut out (I mean with the fires drawn) to 
gradually lose its own pressure, as many 
boilers will blow for some time although 
cut out. A boiler with a fire drawn 
should be cut out entirely and in Mr. 
Sheehan’s case there appears to have 
been three boilers with fires drawn, 
hanging on dead, and no doubt would 
have been left so longer if the chief had 
not seen the necessity of putting on the new 
valve referred to in Mr. Sheehan’s letter. - 

What happened when Mr. Sheehan 
again opened the main steam valve, to my 
mind was no surprise, for while Mr. 
Sheehan was putting in the new valve 
there was created a partial vacuum, re- 
sulting in so much greater velocity for 
the entering steam. The noise, of 
course, was caused by water impact. The 
results would not come from the noise, 
but from the heat and cold, as it were. 

To my mind Mr. Sheehan ought to be 
the chief anyway, after that occurrence. 
The “Oh, nothing,” of the chief is a 
shorter way of saying, “I don’t know,” 
and perhaps if he had been in Mr. Shee- 
han’s place on top of the boiler he would 
have forgotten to again shut the valve 
when he heard the “music.” 

That trick of filling a glass bottle with 
steam to create a vacuum to draw water 
from a “carbuncle” is a good illustration 
of vacuum created by cooling steam, 
for, if we suddenly put or allow hot 
steam to enter into the bottle we are go- 
ing to burst the bottle, that is, if we 
could do such a thing without losing the 
vacuum first. 

Regarding the question put to Mr. 
Sheehan by the examiner, it is worthy of 
consideration. The boiler was cut out 
practically, except to shut the main steam 
valve, and was no doubt cooled off great- 
ly. To blow her down under pressure 
with no fire under her is a good way to 
blow her up. Perhaps not quite so bad 
as that, but such is the rough estimation, 
for we have to wait and see what hap 
pens before saying so. Pretty nearly all 
“examiners” know what they are talking 
about. In fact their catch questions art 
good educators for many, especially those 
relating to boiler operation. 

H. M. MacSweeney. 

Trenton, N. J. 
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**How to Tell Whether Boiler 


Has Been Blown Down’”’ 





On page 701 of the October number, T. 
B. Rice & Sons Company asks if there 
is any device in use to determine whether 
a boiler has been blown down at regular 
intervals. I never saw or heard of such 
a device in use, but among my drawings 
I have a set consisting of a special blow- 
off cock on the boiler and, in the engine 
room, a recording clock which will print 
on a roll of paper the time the blow-off 
cock was opened, the number of the 
boiler and the time of closing the cock. 
There is also an attachment for showing 
when the safety valves blow, or are 
tested. 

The paper is only fed as used, so a 
roll of paper will last quite a while, and 
will be a consecutive record of when the 
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recording instrument in the engineer’s or 
superintendent’s office. 

The reason I did not put the thing 
through was that I thought it would re- 
quire too much missionary work to con- 
vince the man who spends the money 
that such a device would be worth buy- 
ing. 

A. T. Rowe. 

3rooklyn, N.Y. 





Improvement in Water-chest De- 
sign for Sinking Pump 





In the September number, page 594, was 
shown my design of a water chest for 
vertical sinking pumps, the bonnets of 
which were arranged to swing on ordinary 
pin hinges. This arrangement requited 
for a 14 and 7 by 13-inch pump a space 
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MR, HALE’S IMPROVEMENT IN WATER-CHEST DESIGN 


boilers were blown down, and when the 
safety valves worked. 

The record is printed, not expressed 
by an ink line, thus: “Mon.-B-3-6:15 
a.m.-6:17. am.” This is to be read: 
“Monday, blow-off, boiler No. 3, open at 
6:15 a.m., closed at 6:17 a.m.,” show- 
ing that boiler No. 3 was blown down 
Monday morning for two minutes. An- 
other record might read: Tues.-S-1-12:10 
p.m.-12:21 p.m.” This is to be read: 
“Tuesday, safety valve boiler No. I 
pened at 12:10 p. m., closed 12:21 p. m.,” 
showing that the safety valve of boiler 
No. 1 blew eleven minutes shortly after 
shutting down Tuesday noon, and _inci- 
lentally showing, if there are no other 
ntries under “S,” that the other safety 
valves on the battery are loaded heavier 
han No. 1, or are stuck. 

lhe clock is like an ordinary clock and 
nay be used as a timepiece. The record- 
ng roll may be placed with the clock or 
tot, as desired. For instance, the clock 


ay be placed in the engine room and the 





of 10% inches for the doors to swing 
in. When simply making an inspection 
of the valves the door partly open would 
admit of its being done, but when the 
valves require renewing the door must be 
swung wide open. 

With the design of hinging shown here- 
with the clear space required to swing the 
bonnets to the wide-open position is re- 
duced to the minimum. The bonnets re- 
volve on the stud-bolts B, the lower inside 
corners of the bonnets traveling through 
the path indicated by the arrows, the low- 
er outside corner bolts, when swung back 
into place, acting as stops for them. An- 
other merit of this design is that it will 
cost less to make. 

The “stop-pins” shown are intended to 
prevent the removal of the nuts on the 
stud-bolts by a thoughtless operator. They 
are small rivets, and are less in the way 
in a contracted space than the ordinary 
“split pins.” Besides, the latter are often 
the cause of cuts on the hands of the 
pumpman, a no trifling matter, as the 
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water in many mines is very irritating to 
wounds or cuts. 

It was my intention to show an eye-bolt 
in the end of the air chamber in the design 
shown in the September number. 

A. H. Hate. 


Denver, Colo. 





Coal Consumption of Locomotives 


On page 787 of the November number, 
in an editorial on “Some Gas-engine Pos- 
sibilities,” the statement was made that 
the coal consumption of a locomotive is 
“from 15 pounds per horse-power up.” As 
this figure may be accepted as correct by 
readers who are not in a position to know 
the facts, I wish to draw attention to its 
absurdity, which is very clearly evident 
after a slight consideration. 

For example, it is well known among 
railroad men that it takes a first-class fire 
man to average two tons of coal per hour 
throughout his run, which, with the figure 
quoted, would limit one man’s capacity to 
267 horse-power. As a 16x24-inch loco- 
motive, with 63-inch driving wheels, oper- 
ating at 10 miles per hour, on 100 pounds 
mean effective pressure, will give this 
horse-power, it is evident that if the fig- 
ure quoted is correct, our railroads would 
be confined to locomotives of the con- 
tractor’s type, if they wished to use but 
one fireman. Looking at it from another 
standpoint, assume that a train weighing 
1500 tons total, including engine and ten- 
der, is being operated at 10 miles per hour 
up aI per cent. grade, conditions which 
are well within the capacities of any of 
our large freight locomotives. Such a 
train carrying 14 tons of coal on the ten 
der would be able to operate but two 
hours, or a distance of 20 miles, with one 
tender full, and the fireman would be 
compelled to shovel seven tons of coal per 
hour, which you must admit would make 
him hustle. In both of the above cases we 
have assumed that all of the steam gener- 
ated is being used to haul the train. 

I could, of course, continue quoting ex- 
amples showing the absurdity of such a 
figure for the coal consumption of a loco- 
motive, but I believe this to be sufficient. 
I might add that the ordinary figure used 
by locomotive designers for all-around 
general service is 4 pounds per horse 
power-hour, and a compound locomotive 
on the testing plant at the St. Louis Ex- 
position delivered one horse-power at the 
drawbar with a consumption of 2.14 
pounds of coal per hour throughout a 
three-hour test. 

E. A. AVERILL. 
New York City. 





In an editorial on “Some Gas-engine 
Possibilities,” I notice the surprising 
statement that the coal consumption of the 
steam locomotive is “from 15 pounds per 
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horse-power-hour up—almost always up.” 
Such a statement is certainly an injustice 
tu the steam locomotive. At the St. 
Louis Exposition tests, the coal consump- 
tion of the single expansion locomotives 
was frequently less than 4 pounds per in- 
dicated horse-power per hour, and less 
than 3 pounds for the compound engines. 
The de Glehn (French) compound loco- 
motive engine, at 80 revolutions per min- 
ute, developed a horse-power-hour on 1.94 
pounds of coal. It is a well-known fact 
that in actual service locomotives develop 
a horse-power-hour on from 25 to 30 
pounds of water, corresponding to a coal 
consumption of less than 5 pounds. As- 
suming that a fast passenger locomotive 
develops, on an average, 1000 horse-power, 
which is doubtless frequently exceeded 
on a hard run, the required coal consump- 
tion at a rate of 15 pounds would be 7% 
tons per hour, which is rather more than 
twice the amount of fuel that a robust 
man can handle. 

While the coal consumption of some lo- 
comotives, working under unfavorable 
conditions, may at times be excessive, the 
same can be said of any form of steam 
engine, and the statement made in the 
editorial cited should certainly be ac- 
companied by further explanation. As it 
now stands, it is manifestly unfair to the 
modern locomotive. It would be exceed- 
ingly interesting to know of some specific 
“cases where modern locomotives, properly 
handled, have consumed more than 15 
pounds of coal per horse-power-hour in 
road service. 

PAuL T. WARNER. 

Philadelphia, Penn. 


[No one having any knowledge of 
steam engineering would think of assert- 
ing that a locomotive engine burns 15 
pounds of coal per horse-power-hour 
while actually running, under conditions 
at all favorable. We are well aware that 
locomotives under test conditions have 
shown economies below 3 pounds of coal 
per hour per brake horse-power, but test 
conditions do not exist in actual service, 
nor does a locomotive make its entire run 
at maximum economy, or anywhere near 
it. In putting the coal economy at I5 
pounds we had in mind, of course, a lo- 
comotive in ordinary service working un- 
der ordinary conditions, including the 
waste due to standing still part of the 
time and starting up to leave stations. We 
have no doubt that a high-grade locomo- 
tive would show an economy of 4 to 5 
pounds if it could be run from New York 
to Chicago or St. Louis without a stop 
or a change in link adjustment. 

The figure of 15 pounds was obtained 
from experienced steam railroad men. 
Whether or not it is accurate, the fact re- 
mains that a producer-gas locomotive 
properly designed and constructed would 
undoubtedly show a fuel economy of more 
than double that of the best steam locomo- 
tives thus far bailt—Eprrors. ] 
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** Loose Nuts and Narrow 
Escapes ” 


On page 7oo of the October number 
“H. B. N.” criticizes my suggestion to 
paint a stripe on the piston-rod and lock- 
nut, for the purpose of indicating to the 
attendant when they become loose. He 
claims that in an engine of any size the 
rod will make itself heard before one 
would notice the stripe, and that the engi- 
neer could hear the knock at a greater dis- 
tance than he could see the mark. I 
admit that this is so, but by the time he 
had located the noise would it not be a 
little late to save the piston-rod, cylinder 
head or crank-pin from damage? With a 
painted stripe all the attendant would 
have to do would be to look at the cross- 
head, and he would not have to guess 
where the noise was coming from. As 
the nut has to get loose and break the 
alinement of the stripe before the rod 
makes a noise, there are ninety-nine 
chances in a hundred in favor of seeing 
before hearing. We have the rods on all 
our engines so striped, and we do not 
consider it a hardship to look at them 
once in a while. They have notified us 
more than once of a loose jam-nut or 
lock-nut, when there was no noise about 
at. 

As for a method of taking up the 
brasses, I did not tell how to do this; I 
told how to locate the noise caused by 
lost motion in either the crosshead 
crank. 


or 


THOMAS SHEEHAN. 
Pittsfield, Mass. 





‘“‘Anent Blueprints” 


The article under the above caption, in 
the October number, page 708, un- 
doubtedly voices the sentiment of many. 

The blueprint is a necessity in every 
manufacturing plant, and in shops where 
pumps, engines or machine tools are built 
the blueprints as a rule are very complete. 
It is customary to detail each piece sepa- 
rately on a drawing by itself, and also give 
the material, pattern number, estimated 
weight, number of pieces required, name 
of part, grade of finish (whether rough or 
polished), and usually the name of the 
purchaser of the machine. 

The manufacturer is very careful to see 


that his machine-shop blueprints are com- 


plete in every detail, so that his cost of 
production shall be very low. But not so 
with the blueprints he sends to his cus- 
tomers, however. These are usually foun- 
dation plans, or general plans showing the 
arrangement of the machines. These 
drawings are frequently very incomplete 
and devoid of figures. They cannot be 
scaled, because they are’ not made to 
scale, one drawing answering for several 
different sizes of machines. The result is 








January 7, 1908. 


that valuable time is lost in correspond- 
ence, and work is delayed because certain 
figures are missing. I have never heard 
anyone criticize a blueprint as having too 
many figures on it. 

3s i, 


Allentown, Penn. 





‘““What Caused the Pitting and 


Corrosion?” 


In answer to the above query, which 
appears on page 742 of the November 
number, I would state that from my ob- 
servation, during the past three years, of 
three two-stage pumps of 12,000,000 gal- 
lons capacity per each 24 hours, the pit- 
ting and corrosion were caused by faulty 
design and improper suction head. Faulty 
design will cause eddies and the presence 
of eddies will be manifested by a snap- 
ping noise when the pump is running. In 
some cases the noise is deafening and will 
impair the operator’s hearing in a short 
time. 

A particular instance will serve to illus- 
trate the effect of improper suction head. 
One of our pumps was fitted with cast- 
iron impellers or runners, and two first- 
stage impellers were worn out while the 
second-stage impeller showed but slight 
wear, and only in a-few spots. The 
second-stage impeller would probably 
have lasted longer than 10 or 12 first- 
stage impellers if the conditions had not 
been changed. The pumps have an aver 
age suction head of from 15 to 17 feet 
and deliver against 90 pounds pressure. 
They are vertical direct-connected motor- 
driven units, used in a city water works. 
All the impellers are now of phosphor 
bronze, as are the points of the diffusion 
vanes. One of the pumps thus fitted has 
been running about three times as long as 
if cast-iron were used and it shows no 
external signs of wear. 

CHIEF. 

New York. 





‘*How Should Globe Valves Be 
Placed >” 


The recent agitation of this topic re 
calls the following experiences which oc 
curred in a sawmill equipped with a 
locomotive-type boiler and a 74x12 slide 
valve engine having a combined Gardner 
throttle valve and governor, with no other 
valve between the engine and boiler. Th 
governor stand broke one day and I tried 
to shut down quickly, but when th 
throttle was closed the engine failed t 
stop. I gave the throttle one twist ‘for 
luck” and shouted, “I can’t stop it.” The 
men took to their heels. Upon examin 
ing the throttle, it was found that th« 
valve disk was loose on the stem. 
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Another time, after the governor had 
been repaired, I was at dinner, when I 
heard the engine start up of its own 
accord. This time the valve-stem was 
forced through the disk. It looks to me 
as if a valve seat is better able to with- 
stand the strain with the pressure on 
the top of the disk. 

In regard to packing valve-stems in 
lines that cannot be shut off, there is on 
the market a valve made to be packed 
when wide open and with pressure on 
the line. 

iL. T. Stuart. 

Bingham Canyon, Utah. 





A Screw-pump Model 





In regard to Charles O’Neill’s screw- 
pump model, shown on page 781 of the 
November number, my opinion is that this 
pump would be a failure both theoretically 
and practically, compared with a centri- 
fugal or turbjne pump. First, there is the 
heavy thrust which will have to be taken 
-care of. Suppose it were possible to 
make this pump lift water 30 feet, then 
the pressure in the pump would be ap- 
proximately 13 pounds per square inch, 
and as the diameter of the cylinder is 12 
inches, or about 113 square inches in area, 
there would be a continual thrust on the 
thrust-bearing of 


II3 X 13 = 1469 pounds, 


as long as the pump was working. If 
this were the only trouble, however, it 
would not be very serious, as the screw 
could be doubled in length and made half 
right-handed and half left-handed, the 
suction being in the center and the dis- 
charge at each end, thus counterbalancing 
the thrust. 

As the pump stands, it is obvious that 
the delivery will be approximately pro- 
portional to the speed, and the speed will 
be limited by the effect of centrifugal 
force on the screw. A surface speed of 
7000 feet per minute is as high as should 
be allowed for ordinary cast iron. 
corresponds to 2229 revolutions per min- 
ute for a 12-inch diameter screw. The 
pitch of the screw is 4 inches, or 0.3 foot, 
therefore the travel at 2229 revolutions is 
743 feet per minute. The travel of the 
water will be less than this, owing to 
slippage, which is greater the greater the 
pitch. In this case, with a 4-inch pitch 
to a 12-inch diameter, the slippage would 
probably be between 10 and 20 per cent., 
but neglect this and assume that the water 
is propelled at the same rate as the 
screw travel, or 743 feet per minute. 

This velocity has to be utilized in two 
ways; first, to elevate the water to the 
required hight; second, to discharge the 
water at a suitable velocity after it has 
been elevated. The most economical ve- 
locity of discharge for general conditions 
is 10 feet per second, or 600 feet per min- 


This ° 
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ute, and by subtracting this from 743 a 
velocity of 143 feet per minute is left for 
elevating purposes. The kinetic energy 
of flowing water will lift it to a hight 
equal to the hight from which a body 
would have to fall in order to attain a 
velocity equal to that of the water. A 
body falling from a hight of 0.0886 foot, 
or just over one inch, will attain a velo- 
city of 143 feet per minute; therefore, the 
pump would only be capable of elevating 
water about one inch to discharge at 10 
feet per second, and obviously would be 
of slight utility. Suppose the whole of 
the velocity is utilized to lift the water. 
Then, 


eS. ik) a al 
—— 2f0—~# 64.32 ~~ 64.32 
= 2.4 feel, 


So that, when operating under perfect 
conditions this form of pump could only 
elevate water 2.4 feet without any dis- 
charge, or one inch with a discharge of 
10 feet per second. 

There is, however, a_ positive-acting 
screw pump on the market which is com- 
posed of two screws side by side, half 
right-hand, half left-hand, the threads in- 
terlocking. The suction is in the center 
and a discharge at each end, thus balanc- 
ing the thrust. The interlocking threads 
positively prevent slippage, and high pres- 
sures with good discharge are thus ob- 
tained. 

GeorcE P. PEARCE. 

Buffalo, N. Y. 





‘* Suggestion for an Engine-room 
Ceiling” 





In the November number, on page 775, 
John Carroll, of Winnipeg, asks for sug- 
gestions for an engine-room ceiling, to 
be free from sweating and be at the same 
time fireproof. I would suggest the use 
of ground cork, such as is used to line 
the inside of mailing cases. This mate- 
rial may be made both adhesive and 
fireproof by the use of silicate of soda, 
which may be diluted with water so as 
not to be too strong. I have seen cork 
used on the steel partitions of cruisers 
for this same purpose, and it is very effi- 
cient. The silicate of soda should be 
that known as “neutral silicate,” and if 
this is not easily obtainable at the local 
soap works, it may be secured from the 
Philadelphia Quartz Company, of Ches- 
ter, Penn. A little experimenting will 
show about the right proportions to use. 

Harry SPuRRIER. 

Detroit, Mich. : 


The accompanying rough sketch shows 
a method which I once employed in a 
small room, with a concrete roof. The 
outside temperature was from 0 to 20 
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degrees, and the inside from 60 to 78 
degrees above. We had the very same 
trouble as Mr. Carroll, and tried many 
ways of getting rid of the dripping from 
the ceiling, but found out that no matter 
what we tried we could not keep the ceil- 
ing from dripping until we found a way 
to make the temperature the same, or 
nearly so, between the dummy 
and roof proper. 

We drilled a few holes in the wall be- 
low the level of the roof and put through 
some old two-inch pipes, leaving about 
two inches of each pipe projecting out- 
side the walls on both sides, to allow the 
air to go clear through and keep the 
temperature in the air space down so 
condensation would not take place. The 
cost of this was practically nothing, as we 
used old pipe. We only had to buy the 
asbestos-covered screening, which was af- 
terward plastered to make it look neater. 
The ceiling was 20x4o feet in area. We 
used ten 2-inch pipes, 20 feet long, al- 


ceiling 
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SUGGESTION FOR AN ENGINE-ROOM CEILING 


lowing four feet between, but judging 
from the effects we did not need so 
many. Of course the roof was flat. Mr. 
Carroll does not say whether his roof is 
flat or otherwise. 
H. M. 
Trenton, N. J. 


MacSweEENeEy. 





In pursuance of a long-cherished plan, 
Richard T. Crane, Sr., president and foun- 
der of the Crane Company, made the Hull 
House association, of Chicago, a Christ- 
mas present of a $60,000 building, located 
in the so-called ghetto district of that city, 
to be used as a nursery for the relief and 
care of children. It will be known as the 
Mary Crane nursery, in honor of the first 
Mrs. Crane. 





At a recent meeting of the Association 
of Engineers-in-Charge, W. H. Maw, 
M. I. C. E., speaking of the work of the 
late Bryan Donkin, said that at Mr. Don- 
kin’s own factory all the ashes and clinkers 
removed from the _ stoke-hole were 
stored for a month at a time, and if it 
was found that an accumulation of a 
month was more than it ought to have 
been, there was a row with a coal con- 
tractor about the quality of his coal. 
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The index for the 1907 volume of Power 
will be sent to any of our readers who 
send a postal-card request with name and 
mailing address. 





Power Becomes a Weekly 





The quarter-century which has elapsed 
since the foundation of Power has wit- 
nessed a marvelous extension of the field 
to which the paper is devoted. It spans 
the development of electrical transporta- 
tion, covers the development of electrical 
lighting in all but its smallest beginnings, 
and was two-thirds completed before the 
steam turbine and the gas engine began to 
attract attention as factors in large power 
work. The field has become so extensive, 
so eventful, so replete with problems and 
experiments and accomplishments that a 
paper issuing but twelve times a year can- 
not ‘keep up with its notable occurrences 
nor preserve an adequate record of its 
evolution. With the purpose in view of 
presenting to its readers everything of in- 
terest to power users as fast as it occurs, 
as adequately as is necessary to keep them 
well informed and as promptly as enter- 
prise and the best of facilities will accom- 
plish, we purpose, commencing with the 
present number, to issue Power weekly, 
and to make it so complete an index of 
what is going on in the power plants of 
the country that it cannot fail to be help- 
ful to anybody connected in any responsi- 
ble way with the generation and trans- 
mission of power, in a measire far ex- 
ceeding its price. 





Heating Surface : Grate Surface 


That the ratio between heating and 
grate surface has been something of an 
engineering fetich was intimated in a 
paper, presented at the December meeting 
of the American Institute of Electri¢al 
Engineers, upon this quantity as a factor 
in power-plant design. The author, Wal- 
ter S. Finlay, Jr., is associated with the 
engineering department of the Interbor- 
ough Rapid Transit Company, in the 
Fifty-ninth street station of which Roney 
stokers have been installed under the 
back ends of three Babcock & Wilcox 
boilers, in addition to those at the front 
ends, with the result that eight hundred 
horse-power is got out of five-hundred 
horse-power boilers with very little sacri- 
fice in efficiency. 

Many boiler plants have been designed 
by taking so many square feet of heating 
surface per horse-power, and then putting 
in grate surface enough to establish the 
designer’s favorite ratio. The grate area, 
in connection with the draft and the kind 
of coal, determines how much coal can be 
burned per hour. One designer insists 
that the area should be proportioned for 
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pounds of combustible, for this is really 
what is burned upon the grate. Another 
insists that it should be proportional to 
the number of pounds of fixed carbon, for 
this and only this is burned upon the 
grate. It is not in evidence, however, that 
as many pounds of coal containing twenty 
per cent. of ash can be burned upon a grate 
having eighty per cent. of the area of that 
required to burn the same amount of coal 
with little or no ash. It is a fact, too, 
that coal occupies grate surface for a con- 
siderable time during the coking period 
while the gases are being distilled off. It 
is a fact further that one kind of coal will 
evaporate forty or fifty per cent. more 
water per pound of combustible or pe: 
thousand heat units, so that a Yankee, 
with his forty and sixty to one, might 
find his practice very much out of joint 
when it came to burning Illinois coal. 

The indication of the paper and of the 
discussion which it elicited is that much 
more can be got out of boilers than we 
have been in the habit of getting, without 
an impairment of their efficiency which 
will not be more than offset by the les- 
sened standing charges. The impairment 
of efficiency is entirely reparable by the 
use of economizers, but if this is consid- 
ered it reduces the question to the old 
one of boiler surface versus economizer 
surface. 





When the Frost is on the 
Punkin 


Perhaps it was the same sense of gone 
ness and insufficiency which possesses a 
man who has given up his home and “gone 
to boarding” which prevailed among the 
members of the American Society of Me 
chanical Engineers at its first meeting in 
the new building. 

The professional sessions, the formal 
presentation and discussion of papers have 
been but a part of the meetings of former 
years. The society had a “home,” a meet- 
ing was a reunion, there was a glad-to 
see-you air, a chance for the members to 
mingle and fraternize, a chance for a 
member to sit down, surrounded by the 
portraits and relics of the masters, to ab 
sorb something of the atmosphere of the 
place, of the traditions of the art, and to 
be glad that he was there and was an 
humble part of it all. 

When the society moved to the Engi 
neering Societies’ building the membershij 
assumed that it would be equally at home 
in the portion of the building, an entire 
floor, assigned to its use, and that the us¢ 
of the auditorium would be accessory and 
subsidiary to such occupancy. But the 
“home” has become a “headquarters.” The 
member who visits New York for the first 
time and, possessed of the idea that her: 
is one thing in which he has a_ part 
makes his way to the Temple in Thirty 
ninth street, is met at the portal with 
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formal what-can-I-do-for-you, this-is-my- 
busy-day kind of air and given to under- 
stand that these are the “offices.” The 
club is on the other street. The portraits, 
the models, the relics, the atmosphere— 
a little fallish—are all there, but the mem- 
bership saw little of it and, even on the 
night of the reception, when, if ever, all 
this ought to be open to the inspection and 
use of the members, the elevators, by or- 
der of the secretary, did not run, for the 
membership, above the sixth floor. 

It is possible that all this conduces to 
greater “efficiency,” and results in the pub- 
lication of a greater number of lines of 
Proceedings per unit of expenditure, but 
there are things in life, and especially in 
the life of a society, which cannot be 
worked out on a slide-rule nor described 
by graphic curves on coordinate paper. 





Another Fuel Compound 





One would suppose that the tragic end 
of the ash-burning fiasco, which recently 
interested engineering circles, was too 
recent to permit of the successful nego- 
tiation of another scheme of the same 
sort. The Sterling (Ill.) Evening Ga- 
gette, however, announces in all serious- 
ness that R. J. Massey of the Sterling 
Chemical Company of that place has 
brought out a fuel saver, fifty cents’ worth 
of which added to a ton of coal “in- 
creases the burning qualities fifty per 
cent, and increases the heat units fifty 
per cent., making one ton of coal treated 
equal to two.” The inventor also claims 
that ashes may be treated with the com- 
pound, and it is possible then “to burn 
them and to get much heat from them.” 

It is safe to say that there is no com- 
pound enough of which to double the 
heating value of one ton of coal can be 
sold for fifty cents. 





Burning Ashes in the New York 
Schools 





Since writing the preceding we have 
<ome into possession of an astonishing cir- 
cular issued by the Department of Educa- 
tion of New York and entitled, “Special 
Instructions Relative to the Use of Waste 
Coal and Ashes Moistened with a Solution 
of Oxalic Acid, Salt and Water.” It says 
that the committee on supplies has been 
experimenting with great success for al- 
most a year with the solution above men- 
tioned with a view to utilizing waste coal 
and ashes, and directs the janitors, en- 
gineers, firemen, etc., to use it and how to 
do so. The complete circular will be found 
on page 29. Pea coal may be mixed with 
ishes in the proportion of one part coal 
te two parts ashes, and after the ashes 


have been used once they may be “re- 
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used again” by moistening with the solu- 
tion. ‘The committee has reached the con- 
clusion that the saving should not be less 
than twenty-five per cent. and should 
reach as high as seventy per cent. Some 
of the experienced men are expected to 
reach the high-water mark. 

It is undoubtedly true that a saving of 
twenty-five per cent. and more can be 
made in many plants by painting the 
handle of the fire scoop red—and then be- 
ing careful how it is used. Any saving 
which has attended the committee’s ex- 
periments has arisen in the same way 
from the fact that a saving was expected 
and a better use made of the fuel fired. 
The most that can be saved by reburning 
the ash is the unburned carbon which has 
escaped with it to the ash-pit, and this re- 
quires no solution but is done by every 
householder who,runs an ash-sieve. Pure 
ash will burn as well as sand and no bet- 
ter, and there is no “solution” nor chem- 
ical which will burn it or burn on it as a 
wick which does not cost more than an 
equivalent’ amount of coal, except it be 
some of the liquid fuels, like oil or al- 
cohol, and for the ordinary case these 
come under the same stricture. Utter- 
ances as to the utter futility of the hope 
of any saving from the use of the formula, 
save in the red-handle sense, from some 
ot the most eminent chemists in the coun- 
try, were published in the June, 1907, 
number of Power, and the question was 


discussed in preceding and subsequent 
numbers. The gentlemen of the Board of 
Education have been fooled—honestly, 


without doubt, but unfortunately, never- 
theless, for they have made themselves 
ridiculous and will make the public-school 
system of New York a laughing-stock in 
the eyes of the engineering world. 





The Wind-up of the Clockwork 
Pump 





It seems that there has been one flim- 
flam mechanical game working that Power 
was not aware of; probably there are 
others. The one that we have in mind is a 
pendulum pump which has been inflicted 
upon the farmers and small capitalists of 
Kansas, Colorado and other western 
States. The prospectus said that one 
man could wind the pump up in fifteen 
minutes so that it would run for twelve 
hours and pump twenty gallons of wa- 
ter continuously. This looked good to the 
farmers and stockmen. They did not stop 
to think that the pump could by no possi- 
bility pump more water than the man who 
wound it up could pump in the time he 
was winding it. They could not buy the 
pumps because they were not yet made, so 
they bought county rights and stock, ayd 
the projectors were so busy cashing checks 
and money orders that they did not have 
time to build a pump. The extraordinary 
amount of mail matter attracted the at- 
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tention of the postal authorities, and W 
M. Meyers and J. F. Rudd, two of the pro 
moters, were convicted on three counts for 
using the mails to defraud. H. S. Mc 
Cowan, the third partner, took a sever 
ance and will be tried separately. 

This is as it should be, but there ought 
to be some court to appoint guardians for 
or to commit to an institution for the in 
competent and feeble-minded, those who 
are so entirely incapable as to be taken in 
by such a device. So long as easy money 
lies around in this way there will be those 
to collect it. 





The Air of a Place 


There is as much difference in engine 
rooms as in people. The old woman says 
that “it takes all kinds of people to make 
up the world,’ and she is so glad that 
she is “not one of ’em.” So it takes all 
kinds of engine rooms, and after visiting 
a great variety of them it becomes an 
easy matter to know the cast of a place 
Ly its air. , 

We are inclined to sub-divide the causes 
for dirty and neglected engine rooms into 
two classes: One is the result of an 
Over-grasping employer, who actually re 
quires of the attendant more than time 
will allow for the proper care of his 
plant. The other is due to slovenliness on 
the part of the engineer, a love of ease 
and fear of doing more than his share 
of the dirty work. 

The universal cry is “economy!” But 
it is obvious that there is a great diversity 
of opinion as to methods for attaining 
it. An old saying has it that some people 
“hold a penny so close to the eye that 
they can’t see a dollar on the other side 
of it.” Another venerable axiom says: 
“A stitch in time saves nine.”’ When little 
leaks appear they should be nipped in the 
bud, not put off from day to day, until 
there is a big repair bill to pay. 

When an engineer first takes a job he 
is usually going to remodel the place and 
make a startling record for himself. Us 
ually things have been moving along 
pretty comfortably, and the employer wil! 
be satisfied and pleased if the new mar 
proves competent to keep the plant going 
without incident. Often new conditions 
are produced by the changes undertaken 
which would have puzzled even the old 
engineer, and which in combination with 
the newness of the place in general are 
apt to be too much. Young engineers, 
in their eagerness to show their knowl 
edge of valve setting and other features 
of the showy side of engineering, often 
jump at ill-advised changes where a more 
practical man would keep his feet on the 
ground. The wiser course would be for 
them to build up a slow but sure reputa- 
tion through cleanliness, thoroughness and 
punctuality. There will be time enough 
to show their proficiency if they really 
have it 








January 7, 


1908. 


Ratio of Heating to Grate Surface 


How Boilers May Be Made to Do More Work per Unit of Space 


and Cost. 


Mechanical Stokers at Both Ends of Water-tube Boiler 





‘The December meeting of the Institute 
of Electrical Engineers was devoted en- 
tirely to mechanical engineering. One 
of the papers presented by Walter S. Fin- 
lay, Jr., dealt with the ratio of heating 
surface to grate surface, and was based 
upon the performance of some Babcock 
& Wilcox boilers, at the 59th street sta- 
tion of the Interborough road, to the 
back end of which Roney stokers had 
been attached in addition to those at the 
front end, as shown in the accompanying 
engraving. One of the rules of boiler 
practice, validated only by general accept- 
ance, is: “All other conditions remaining 
constant, the power developed is with slight 
modification in direct ratio to the area of 
the active grate surface. An increasing 
capacity—the heating surface remaining 
constant—caused by an increase in grate 
area is accompanied by a loss in economi- 
cal evaporation due to the increased tem- 
perature of the escaping gases.”  Esti- 
mates of such loss under normal condi- 
tions vary from practically zero to as 
much as 15 per cent. fuel economy for an 
increase of 100 per cent. in boiler capacity. 

Lately, however, the opinion has been 
advanced that a considerable increase in 
capacity can without great sacrifice in 
economy be obtained by proportional in- 
crease in grate area. Other conditions be- 
ing favorable, and with a belief in the 
correctness of this theory, the change 
noted above was made. In addition to 
the above advantages such a design gave 
the possibility of operating within the 
range of the original single-stoker boiler, 
together with the higher range of the 
double stoker. Attention is called to the 
fact that the lower stoker is constructed 
practically within a so-called “dutch oven” 
and whatever is conducive to good com- 
bustion is provided for therein. 

Tests of the boiler show that the oper 
ation of the boiler with the two stokers 
was as economical in fuel values as when 
only the single stoker was used up to a 
point where the capacity of the boiler was 
increased 71 per cent., and that the eco- 
nomical loss for an increase in rating of 
So per cent. was only between 2 and 3 
per cent. Detailed consideration of the 


saving which would be effected by the 
adoption of this practice in plants costing 
$125 and $150 per kilowatt are considered 
in detail, resulting in the conclusion that 
in the case of the $125 plant there will 
be a saving of 19.6 per cent. in the first 


cost; that the saving in total cost charges 
will vary from 5.64 per cent. at 100 per 
cent. load factor to 7.54 at 50 per cent. 
load factor, to 9.65 per cent. at 4.16 load 
factor. In the case of the $150 plant the 
saving in first cost will be 20.8 per cent., 
and the saving in total plant charges will 
vary from about 7.06 per cent. at I00 per 
cent. load factor to 9.26 per cent. at 50 
per cent. factor, to 11.51 at 4.16 load fac- 
tor. 


DIscUSSION 

Dr. Charles E. Lucke pointed out that 
while the tests of the double-end boiler 
showed that the capacity of the boiler 
was increased 71 per cent. without in any 
way affecting the boiler efficiency, the test 
of the boiler with the single furnace at the 
front end showed that an increase of the 
boiler horse-power of 31 per cent. reduced 
the efficiency 14 per cent. From this in 
would appear that burning more coal un- 
der this boiler with a single stoker gave 
a continuous drop in efficiency, which con- 
dition also obtained in the case of the two 
stokers, but strangely enough a very ma- 
terial increase in the coal burned per hour 
as between operating single and operating 
double, sufficiently great to increase the 
capacity to at least 1.7 times its original 
value, gave no decrease in the boiler effi- 
ciency. Why is it that with a single 
stoker an increase of capacity from I to 
1.3 lowers the efficiency from 1 to 08, 
while increase of capacity with double 
stokers from I to 1.7 does not decrease 
the efficiency at all? Dr. Lucke illustrated 
his remarks by curves plotted from Mr. 
Finlay’s results showing that both curves 
run downward as the rate of evaporation 
was increased above the capacity—but that 
the curves were disjointed or disconnect- 
ed, the one for the double boiler starting 
enough higher so that the efficiency at the 
greater capacity was not materially less. 

With a view of determining how far 
the ratio of heating surface to grate sur- 
face of itself and independent of other 
things might affect boiler efficiency, he had 
had one of his students at Columbia ex- 
amine 300 boiler tests that seemed most 
authentic and plot a diagram, which was 
exhibited, of boiler efficiency against the 
ratio of heating surface to grate surface. 

he boiler efficiencies exhibited varied 
from 49.4 up to 84 per cent. and the ratio 
of heating surface to grate surface be- 
tween 14 and 89. The disposition of the 


points was such as to prevent any conclu- 
sion in the form of curves of relation, as 
they did not group themselves in any 
definite way, but were deposited over 
what has been often called a “shot-gun” 
diagram and not a very good one at that. 

In every case where a boiler was oper- 
ated under different rates of combustion 
the efficiency continuously fell with in- 
crease in the rate of combustion, but did 
not fall in the same way in different cases. 
It would seem then that equal boiler ef- 
ficiencies are reported for single- and dou- 
ble-stoker operations for nearly equal 
rates of combustion, and not for equal 
quantities of coal burned per hour under 
the boiler as might have been expected, 
which fact carries a possible explanation 
of the curious situation above pointed out. 

Any change which takes place in boiler 
cfficiency, neglecting radiation and assum- 
ing all the coal to be burned, must be 
charged to a change in the product of 
excess flue temperature over atmospheric 
and the weight of the gases discharged 
per pound of coal. An increase of one 
factor and decrease of the other may keep 
the flue loss constant. A change of flue 
temperature could have been indicated by 
a pyrometer and a change in the weight 
of flue gases per pound of coal could 
have been indicated by gas analysis. These 
data are lacking in the paper. It was in- 
conceivable to him that increasing the 
coal burned per hour from 2370 for the 
single stoker to 4100 for the doubie 
stoker, 1.74 times as much, which corre 
sponds to an evaporation of 9.25 for both 
cases, there should have been no change 
in the boiler efficiency if the weight of 
gas per pound of coal was the same in 
both cases, especially as with the higher 
rate the time of contact between gas and 
boiler tubes is very much less than for 
the lower rate. The flue temperature for 
the double-stoker operation must have 
been higher for the same excess air and 
the fact that the efficiency was not any 
lower seems to indicate that the excess 
air was less in proportion. 

If on analysis of the efficiency results 
it should appear that they are due to « 
comparison of two boiler tests on un 
equal terms of flue-gas composition, and 
that for equal flue-gas composition the 
efficiencies for double-stoker operation are 
lower than for single at equal capacities. 
then the conclusions on cost 
might be reversed. For example, if high- 


economy 
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er flue temperatures result from high 
capacity then more economizer surface 
must be used to attain equivalent plant 
efficiency and discussions of plant-cost 
economies must resolve into a comparison 
of the commercial value of heating sur- 
face in the form of boilers with that of 
heating surface in the form of economi- 
zers, 

A. A. Carey said that the 250-horse- 
power water-tube boilers commonly used 
some years ago had a furnace 8% feet in 
width and a battery of two of these boil- 
ers would have a total furnace width of 
17 feet. The 500 horse-power unit so com- 
monly used in central power stations has a 
furnace width of but 12 feet by 7 inches, 
an increase of grate width of only 47 per 
cent., while the heating surface has been 
increased 100 per cent. Boilers of 600 
horse-power capacity are placed over fur- 
naces having the same width of grate. 
The length of the furnace is practically 
fixed by the limitation of the fireman’s 
ability to care for a distant point in his 
furnace. Good practice shows that the 
limit for an ordinary flat grate is 6 feet, 
although grates of 7, 8 and even 9 feet 
in length are sometimes found. A con- 
siderable increase in the hight ef a boiler 
and thus in the amount of heating sur- 
face can be accomplished and double fur- 
naces or high rates of combustion are the 
means which must be resorted to to fur- 
nish the necessary amount of heat for 
. these increased heating surfaces. He 
urged the separation of boiler and fur- 
nace efficiencies in the same way that en- 
gine and boiler efficiencies have been dif- 
ferentiated. A combined efficiency of 54 
per cent. may be obtained with a furnace 
efficiency of 90 and a boiler efficien- 
cy of 60, or by a furnace efficiency 
of 67% and a boiler efficiency of 
80, or any combination in which the 
product of the two factors is 54. He 
placed a great deal of stress upon the 
amount of fixed carbon burned per square 
foot of grate. When bituminous coal is 
charged upon a hot fire bed, a distilling 
off of the contained volatile gases first oc- 
curs. This is a heat-absorbing action. 
The volatile combustfble gases rise into 
the combustion chamber, where they are 
burned. These gases are not burned 
upon the grate. Owing to this fact the 
grate capacity is largely limited to the 
amount of fixed carbon in the coal. Of 
anthracite coal, in which the combustible 
matter is almost entirely fixed carbon, 
some I5 or 16 pounds are burned per 
square foot of grate, while of some West- 
ern bituminous coals, which have 50 per 
cent. of their combustible matter as fixed 
carbon and the balance of volatile matter, 
there are burned from 30 to 32 pounds 
per square foot of grate. The compara- 
tively small range of difference in the 
amount of fixed carbon burned per unit 
of grate surface with all kinds of coal 
under equal operating conditions is sur- 
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prising. He prefers to burn from 12 to 
16 pounds of fixed carbon per hour per 
square foot of grate, while in this test 
but 8.18 pounds were burned. 

A furnace efficiency of 96 per cent., a 
boiler efficiency of 84 per cent., steam- 
main efficiency of 98 per cent., engine 
efficiency of 17 per cent., and a generator 
efficiency of go per cent., would give an 
electrical output efficiency of 12.135 per 
cent. With a furnace giving but 65 per 
cent. efficiency, which would doubtless re- 
duce the boiler efficiency to 80 per cent., 
giving but 52 per cent. combined efficiency, 
the final efficiency would be reduced to 
8.715 per cent., giving but 71.756 of the 
efficiency obtained with the more efficient 
boiler furnace. In his opinion, based 
upon the study of many boiler tests, he 
recommended the following rates of com- 
bustion per square foot of ‘grate surface 
per hour: 

Anthracite coal (steam size)...15 pounds 


Semi-anthracite coal (steam 

BRBNS not nuiecauciewu acinus canie 16 pounds 
Semi-bituminous coal ......... 18 pounds 
Eastern bituminous coal....... 20 pounds 
Western bituminous coal....... 30 pounds 


He told of an old English double-fur- 
nace boiler, built and used in 1853, and 
described a crude attempt made some ten 
years ago to use double-ended furnaces 
under a horizontal tubular boiler, the 
dampers being reversed after each firing 
and the furnaces fired alternately so that 
the unburned gases distilled from one 
furnace passed over the other furnace 
before going to the tubes. 

J. P. Sparrow, of the New York Edison 
Company, said that in practice the ratio 
of heating surface to kilowatt capacity 
varied from 5 to 10 feet. The evaporation 
per square foot of heating surface varied 
in every-day practice from 2.5 to 8 pounds 
for land service and as high as Io to 12 
pounds for marine work. The amount of 
heating surface per square foot of grate 
surface varies from 35 to 75 square feet. 

The Bow plant in London was equipped 
in I901 with double grates and Hornsby 
boilers, these grates being set over separ- 
ate ash-pits. Normally one grate only 
was used, the other being held in reserve 
and fires spread on demand. Double stok- 
ers have been used’ since 1902 by the 
Philadelphia Rapid Transit Company. The 
New York Edison Company uses 40 
square feet of heating surface to one 
of grate, burning fine sizes of anthracite 
coal. 

Mr. Finlay has drawn his conclusions 
from results which show a fair perform- 
ance of the double stoker and a poor per- 
formance of the single stoker. The per- 
formance quoted of a single stoker giving 
a boiler output of 610 horse-power and 
an equivalent evaporation of 9.5 pounds 
represents a combined furnace and boiler 
efficiency of 64.4 per cent. A comparative 
performance of the double stoker gives a 
boiler output of 1050 horse-power for the 
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equivalent evaporation. At the 
Waterside station they get 1070 horse- 
power out of a boiler having the same 
amount of heating surface with an equiva- 
lent evaporation of 11.2 pounds, or a com- 
bined efficiency of 74.5 per cent. This 
capacity was obtained with a flue draft of 
0.85 inch. Mr. Finlay gets only 750 horse- 
power from the single stoker with the sante 
draft. Mr. Finlay burns coal at the rate 
of only 18 or 19 pounds per square foot 
of grate, while the Waterside stoker burns 
it at the rate of 28.6 pounds. 

From the test of a Babcock & Wilcox 
marine boiler built for the U. S. S. “Cin- 
cinnati,” with a ratio of heating surface 
to grate surface of 41.7, coal was burned 
at the rate of 59.75 pounds per square foot 
with an evaporation of 9.63 pounds, or 
an efficiency of 64 per cent. 

The New York Edison Company has 
for some time been conducting tests along 
the line of high rates of combustion of 
soft coal under forced draft and has on 
test burned as much as 44 pounds of coal 
per square foot of grate with a boiler out- 
put of 1500 horse-power and a combined 
efficiency of 73 per cent. With anthracite 
coal under forced draft, burning 24 
pounds per square foot, 1070 horse-power 
was developed with a combined efficiency 
of 60 per cent. 

The evaporation per square foot of 
heating surface of these various tests and 
efficiencies are: 

Mr. Finlay’s single stoker, 3.0 pounds, 
64.4 per cent. 

Mr. Finlay’s double stoker, 5.7 poucds, 
64.4 per cent. 

Waterside single stoker, 5.7 pounds, 74.5 
per cent. 

Waterside forced draft, 7.0 pounds, 73.9 
per cent. 

Waterside forced draft (anthracite), 7.0 
pounds, 69.0 per cent. 

U. S. S. “Cincinnati,” 9.6 pounds, 64.0 
per cent. 

The ratio of boiler horse-power to kilo- 
watt capacity at soth street is 0.75. The 
average ef six large stations in this coun- 
try and abroad is 0.55, which would seem 
to show that the practice is to burn more 
coal per square foot of grate than at 
5oth street. 

In electric lighting stations where the 
peak demands may be from 60 to 100 per 
cent. above normal, it is most convenient, 
and he believed most economical, to oper- 
ate boilers with the commonly accepted 
ratios of heating to grate surface at abou: 
I5 per cent. above rating, relying upon 
their ability to force evaporation to meet 
the sudden load demands. If this operat- 
ing routine is correct then increased grate 
areas are opposed to good economy. It is 
impossible to burn fuel at low rates of 
combustion on large grate areas with rea 
sonable economy. 

The keynote of the situation lies in an 
increased rate of combustion, it bearing 
the same relation to construction, cost 
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and fixed charges as Mr. Finlay’s increase 
of grate surface. An evaporation of 6 
pounds of water per square foot of heat- 
ing surface is not unreasonable and as 
against 3.4 pounds allows of a decrease in 
boilers of 43 per cent. A comparison on 
this basis of Mr. Finlay’s figures shows a 
maintenance cost of 74.37, as against Mr 
Finlay’s 83.98 per cent., and operating 
costs of 66.93 per cent., as against his 
81.40 per cent. 

Irving E. Moulthrop, of the Edison 
Electric Illuminating Company, of Bos 
ton, agreed with Mr. Sparrow that an in 
creased rate of combustion would have 
produced the same results as those de- 
scribed in Mr. Finlay’s paper. The real 
improvement has been in the furnace, and 
he advised more combustion chamber and 
The Edison Electric Illumi- 
nating Company, of Boston, has just in- 
stalled some additional boilers on these 
lines. They are of the water-tube type, 
having 5118 square feet of heating sur- 
face, equipped with stokers having 110 
square feet of grate area. The boiler is 
raised 15 inches higher than usual and the 
stoker is dropped 9 inches and brought 
forward 3 feet 4 inches more than the 
usual practice, which gives an ignition 
arch 5 feet 4 inches long and a combus- 
tion chamber of 613 square feet, the lat- 
ter being about 60 per cent. greater than 
those of the previous installations. With 
12 boilers in operation a load of 16,200 
kilowatts is carried on the peak, or 127 
kilowatts per square foot of grate surface. 
The coal burned per square foot of grate 
averages 21.5 pounds for the day load and 
29 to 30 pounds for the peak. The aver- 
age draft is ™% inch and the peak draft 
is %4 inch, measured in the furnace. The 
flue temperatures are not over 600 de- 
grees Fahrenheit on the peak and aver- 
age about 500 degrees Fahrenheit for 
the day load. The CO. recorder shows 
from 10 to 14 per cent. CO, at peak. 
The average for all 12 boilers is about 
83 per cent. above the rating during peak 


less grate. 


time. 

With low rates of combustion the heat 
density is low, therefore the temperature 
is low even though the proper proportion 
of oxygen is supplied. With high rates 
of combustion, over 25 pounds of coal 
per square foot of grate per hour, the 
heat density is very great and the tem- 
perature must be high if the proper pro- 
portion of air is supplied. This latter con- 
dition means that the heating surface, if 
the combustion chamber is adequate, will 
receive a relatively small volume of gas 
at a very high temperature, which is the 
ideal condition for its best efficiency. 

If two firemen are working at opposite 
ends of a boiler it would be almost im 
possible to determine who was at fault if 
the CO. recorder indicated too much or 
too little air, or the top of the chimney 
too much smoke. If one man is placed 
in charge of both furnaces he-has unneces- 
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sary walking to do between fire rooms 
upon different A vertical-header 
boiler is more compact and with 18-foot 
tubes 14 high will be some 3 feet shorter 
and take about 41 square feet less floor 


levels. 


space than the inclined-header _ boiler. 
Here is a real saving in building space 
with no attendant disadvantage. Such a 


boiler can be equipped with as large a 
single grate as may be conveniently in- 
stalled under the rear end of the boiler 
with the gases passing in the usual way 
through the heating surface. In other 
words install the vertical-header boiler in 
a similar manner to the Interborough boil- 
er with the original furnace omitted. 

W. S. Wells said that Mr. Finlay’s 
statement that ‘a considerable increase in 
boiler capacity can without great sacrifice 
in economy be obtained by proportional 
increase in grate area” is applicable to 
most power plants, because until very re- 
cently power-house engineers have en- 
deavored to obtain the greatest economies 
possible for boilers by proportionately in- 
creasing the heating surface, so that the 
average boiler of today will give but little 
more than rating when fired with the so- 
called steam coals, 

Under the single-stoker boiler, referred 
to in the paper, having a ratio of 1 to §6, 
it is necessary to burn about 20 pounds pf 
coal per square foot of grate in order to 
evaporate 3% pounds of water per square 
foot of heating surface, and by burning 
25 pounds of coal, which is about the 
maximum that can be burned commercially 
on a Roney stoker, the boiler will develop 
only about 20 per cent. above rating. With 
two stokers under the ‘boiler, making the 
ratio I to 31, 7 pounds of water can be 
evaporated ‘per square foot of heating sur- 
face, or double boiler rating. 

The flat grates originally installed in 
1901 under the boilers in the Waterside 
station of the New York Edison Company 
had a ratio of 1 to 74 and in order to 
obtain boiler rating it was necessary to 
burn 35 pounds of No. 3 buckwheat coal 
per square foot of grate, which necessi- 
tated hard firing and great care. The 
same output could be obtained by firing 
28 pounds of No. 1 buckwheat, or 31 
pounds of a mixture consisting of 20 
per cent. soft coal and 80 per cent. of 
No. 3 buckwheat. This, however, meant 
a loss in economy on account of the high- 
er cost per ton of fuel. By extending 
the fronts of the furnaces under these 
boilers and enlarging the grates, thereby 
reducing the ratio to I to 59, it was pos- 
sible to obtain a_ boiler rating on 25 
pounds of No. 3 buckwheat, 22 pounds of 
No. 1, or 24 pounds of the mixture. With 
these extended grates 50 per cent. above 
rating could be obtained by burning 40 
pounds of No. 1 buckwheat per square 
foot of grate per hour. This firing is 
possible with forced draft, but great care 
must be taken in order to maintain econ- 
omy. 








In the 66th street station of the Brook 
lyn Edison Company the grates were orig 


inally installed with a ratio of 1 to 68, 
but last summer the fronts on these fur 
naces were extended and the grates en 
larged, giving a ratio of 1 to 53. This 
increase in grate area was utilized not so 
much for increasing capacity as to give 
increased economy by using cheaper fuel 
The saving actually effected by this in 
crease in grate area amounted to I4 per 
the 1000 
pounds of water. At the Gold street sta 
tion the grates as originally contracted 


cent. in cost of evaporating 


for three years ago had a ratio of 1 to 
76, but before installing the furnace the 
fronts were extended, thereby reducing 
the ratio to 1 to 59, and of the boilers in- 
stalled in 1907, by moving back the bridge 
wall, this ratio was still further decreased 
to 1 to 52. In the boilers proposed for 
1908 this ratio has been reduced to I to 43. 


‘ With this ratio, almost double boiler rat 


ing can be obtained, or 7 pounds of wa- 
ter per square foot of heating surface can 
be evaporated by burning No. 3 buckwheat 
and double rating probably exceeded by 
burning No. 1 buckwheat or a mixture. 
The ratio would have been made less but 
for the physical impossibility of handling 
a deeper fire-box. With the double-stok- 
er boiler, having a ratio of I to 31, the 
combustion must not exceed 10 pounds per 
hour when less than boiler rating is de 
sired. It is extremely difficult to’ operate 
a Roney stoker as slowly as this and yet 
have an economical fire which will quick 
ly recover when necessary. 

Walter T. Ray and Henry Kreisinger, 
of the technologic branch of the U. S 
Survey, 
discussion in which they said that the in 


Geological submitted a_ written 
tensive working of boilers is one of the 
first results of rational study of furnace 
and boiler separately, and ventured the 
prediction that in ten years there will be 
in successful operation boilers, and may- 
be furnaces, doing several times as much 
work as at present per cubic foot of space 
occupied and per dollar invested. Perhaps 
the first inkling that something was wrong 
came when a number of operating engi 
neers began to explore the interior gas 
passages of water-tube boilers with ther 
mo-couples and found large dead corners. 

They had explored many boilers and 
never failed to find room for improve 
ment, provided only that it is mechanical 
ly feasible to insert gas baffles so as to 
cause the gases to reach a larger portion 
of the heating surface, at the same time 
permitting the gases to travel over the 
whole surface at as least as high an aver 
age velocity as before. The velocity of 
the gases over or past or along the heat 
ing surface is the active feature which 
determines how much heat will be im- 
parted to the surface, all other things be- 
ing equal. If the velocity of the gases 
be doubled the amount of steam produced 
per second will be nearly doubled. The 
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heat resistance of the metal in the case 
of boilers is insignificant, perhaps ordi- 
narily much less than one one-hundredth 
of the whole. The seat of resistance is 
in the layers of scale and soot and most 
of all probably in the films of gas ad- 
hering to the soot and of steam and wa- 
ter adhering to the scale. If these are re- 
-duced in thickness by increasing the velo 
the streams of gas and water 
rubbing against them, the rate of heat 
transmission will be greatly increased. 
Reference was made to the paper upon 
“The Nature of Flue Boiler Efficiency,” 
presented by the 


cities of 


authors to the 
Western Society of Engineers in Septem- 
ber of last year. Mr. Finlay’s device of 
putting two stokers on one boiler accom- 
plished the burning of more coal without 
working the combustion chamber any 
harder, that is, without increasing the 
velocity of the gases from grate to tubes. 
Such an increase would have resulted in 
lessening the time available for the com- 
bustion of the gases. The efficiency of a 
boiler as a heat absorber is practically 
constant and independent of the rate of 
working. The boiler will do its part in 
meeting increased demands for steam. 

In the Jamestown Exposition plant of 
‘the Geological Survey a standard 2I0- 
‘horse-power Heine boiler has been so re- 
baffled as to cause the gases to pass 
through the tubes twice instead of once. 
They pass through a smaller cross-section 
nearly twice as far at a higher average 
velocity, with a result that about 10 per 
‘cent. more heat is absorbed, accompanied 
by no reduction in capacity when using 
the same draft. When the draft is raised 
and the boiler made to provide about 
twice its rated amount of steam, it still 
retains nearly all of its increased effi- 
ciency. Here is a case of greatly in- 
creasing the output at a slight cost and at 
the same time increasing the economical 
evaporation per pound of coal. They see 
no reason why boilers cannot be so de- 
signed as to yield several times as much 
steam per square foot of heating sur- 
face as they do now and with a consider- 
able increase in economical evaporation. 
One thing seems inevitable: complete re- 
sort to forced or induced draft, or both. 

W. L. Abbott, of Chicago, submitted a 
written discussion in which he said thar 
Mr. Finlay assumed the cost of a plant to 
be $125 per kilowatt and of this cost the 
building is 35 per cent., or $43.75, and 
also that the size of the building is de- 
termined by the number of square feet 
of heating surface in the boilers. While 
these assumptions may have been true a 
few years ago they certainly do not apply 
to recent designs for turbine plants using 
large generating units. In these designs, 
the size of the building is not determined 
by the number of boilers any more than 
it is determined by the number of tur- 
bines, and the cost of the building, which 
is around $15 per kilowatt, is divided 


same 
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about equally between the boiler room and 
the rest of the plant. The reduction of jo 
per cent. in the cost of the building inci- 
dent to a reduction by one-half of the 
boiler heating surface will therefore be 
applied to a $7.50 boiler room and not to 
a $43.75 boiler-house building. He thought 
that Mr. Finlay’s loss of only 3 per cent. 
in fuel when doubling the rating of a boil- 
er would apply perhaps to a boiler having 
an ample economizer, but that for a boiler 
not so supplemented the loss would un 
dcubtedly be as much as Io per cent. 

A. Bement, of Chicago, submitted a 


MINARD LEFEVRE HOLMAN 


President 


written discussion in which he laid a large 
amount of the credit for increased effi- 
ciency to the improved furnace construc- 
tion. “It is quite remarkable,” he says, 
“in the tests described by the author, how 
nearly constant final efficiency in steam 
generation is with one and two stokers, 
and this may be partially explained by the 
fact that the proportion of the ordinary 
Babcock & Wilcox water-tube boiler is 
such that only a portion of the tube sur- 
face is acted upon by hot, gases. Whe: 


the larger volume is forced over the boiler, 
the two stokers, 


as would occur with 
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therefore relatively greater bodies de- 
manding more space will extend to the 
portions of the boiler which were prac- 
tically unused with the single stoker.” 

F. V. Hinshaw pointed out the small 
development in boiler practice as com 
pared with that in engines and empha 
sized the fact that a trifling change in 
baffling would greatly alter the value of 
water-tube boilers. 

Mr. Finlay, in closing the discussion, 
pointed out that in the “shot-gun dia- 
gram” the great mass of points lay in the 
area between 30 and 4o ratio of heating 


the heating surface in 


Engineers 


to grate surface and that these were th: 
points of highest efficiency, which seemed 
to corroborate practically every statement 
made in his test. To those who pointed 
out other ways in which the same results 
might have been obtained he replied that 
he was simply pointing out one way an 
not maintaining that it could not be don 
perhaps equally well by others. To Pro 
fessor Lucke’s criticism, which he charac 
terized as “chiefly theoretical,” he replie: 
in kind by a discussion of the Rankine for 
mula for boiler efficiencies as developed 
by Professor Kent. 
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Burning Ash in the New York 
Schools 





After all that has been said upon the 
subject of ash burning it would be hard 
to believe that the following circular was 
not a joke, had it not been given to us 
in all seriousness by one of the signers at 
his office at the Department of Education. 
Who shall educate the department? 


DEPARTMENT OF EDUCATION 
THE CITY OF 
SPECIAL INSTRUCTIONS RELATIVE TO THE 
Use or Waste CoaL AND ASHES, 
MoISTENED WITH A SOLUTION OF 
Oxazic Acip, SALT AND WATER 


NEW YORK 


To the Janitors, Engineers, Firemen, etc., 
of the Public Schools of the City of 
New York: 

DEAR Sir orn Madam: 

The Committee on Supplies, in conjunc 
tion with the Committee on Care of 
Buildings, has been experimenting wiih 
great success for almost a year with the 
solution above-mentioned, with a view of 
utilizing waste coal and ashes. 

So as to find out if the janitors or 
others had been using the solution on 
their own letter 
each information 


account, a was sent to 


requesting regarding 
same. 
extended and 


that time 


experiments 


Since more 


complete have been made, 
with the result that it has been determined 
by the representatives of the Committee 
on Supplies and the Committee on Care 
of Buildings that, not alone is it feasible 
to use in stoves, furnaces, low-pressure 
and high-pressure boilers waste coal and 
ashes moistened with a solution of oxalic 
acid, salt and water, but by the use of 
said salution a remarkable saving can be 
effected. 

Because of these facts, you are hereby 
instructed to use all waste coal and ashes 
in so far as possible instead of putting it 
out in ash cans, and in doing so, observe 
strictly the following rules: 


PRopER SOLUTION 


have shown 
that the proper solution is composed of 
the foliowing: 


Practical demonstrations 


Hot water must be used in dissolving 
the acid and rock salt, because better re- 
sults are obtainable. To every gallon of 
water necessary add two (2) ounces of 
oxalic acid and one (1) pound of rock 
salt. 


How to Use Waste CoaL AND ASHES, 
MOoOISTENED WITH SOLUTION, WITH 
Various Sizes or Coa 
In schools where broken coal, or similar 
sizes, are used, ashes can be pulled to 
he door of the ash-pit, dampened with 

the solution and refired. 
In schools where pea coal is used, the 
coal can be mixed with the ashes in the 
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proportion of one part coal to two parts 
ashes. 

After you have used the ashes once, it 
may be reused again by moistening same 
with the solution. 

After fires are cleaned in the morning 
enough coal should be put on to form a 
good body. When it becomes necessary 
to refire, moisten any waste coal or ashes 


you may have with the solution above 
mentioned. Of course, it will be neces- 
sary to make as many gallons of the 


solution as may be required to moisten 
the waste coal and ashes you may have 
on hand or that you contemplate using. 


Care must be taken not to saturate the 
mixture, as it mars its efficiency. A 
sprinkling can should be used when 


moistening the waste coal and ashes, as 
it is the best means of spreading the solu- 
tion evenly. When it becomes necessary 
to refire, spread the mixture evenly over 
the entire surface to the extent of about 
1% to 2 inches. Should the fire become 
low during the day, a fresh body of coal 
formed the mixture, after 
have pushed the slice bar under it. 


Fresh coal should be used in the last cov- 


can be over 


ve yu 


ering for the day, so that when banking 
for the night with the mixture, a sufficient 
body of fire will be left after cleaning to 
start the By observing 
this rule strictly, you will save at least 
two coverings a day in firing. At the 
same time, you can generate steam much 
more quickly under the new method than 
with the old. 


next morning. 


CARE OF FIRE 


When firing with the mixture 
should be taken to fire under a good head 


care 
of steam. Water must be at proper level 
in the boiler at all times so as to prevent 
Jan: 


others re- 


damage on account of intense heat. 
and 
sponsible for the care of stoves, boilers, 
machinery, etc., will be held to a strict 
accountability, and the statement that any 
damage has been caused by the use of this 


tors, engineers, firemen 


solution will not be taken as satisfactory, 
as experiments, extending over a period 
that the 
coal and ashes, moistened with the solu- 
tion mentioned 


of one year, have shown waste 


can be used without detri- 


ment to boilers and which 


contention is sustained by competent au 
thorities. 


connections, 


CLINKER [*oRM'ATION 

Any clinker formation that may appear 
on the surface of the fire in the morning 
can easily be broken with slice bar and 
removed, than 
Experience has shown 


same being much softer 
the coal clinkers. 
that the percentage of clinkers that stick 
to the under the 
method is less than the clinkers formed 
by the use of coal alone. 


sides of fire-box new 


SAVING EFFECTED 
The Committee on Supplies and the 
Committee on Care of Buildings have 
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reached the conclusion that the saving 
should be not less than 25 per cent. and 
should reach as high as 70 per cent. We 
expect some of the experienced. men to 
reach the high-water mark. 


DISCRETIONARY POWER OF JANITORS, 
ENGINEERS, FIREMEN, ETc. 

In using waste coal and ashes moistened 
with the solution mentioned, it may be 
that a better method can be presented by 
some janitor, engineer or fireman, 
person should 


If any 
better method 
than the foregoing, he is at liberty to 
send same to the. Superintendent of School 
Supplies or 


devise a 


Supervisor of Janitors, who 
On 
the other hand, if any janitor, engineer 
able to the waste 
coal and ashes, moistened with the solu- 


will look carefully into the matter. 


er fireman is not use 
tion mentioned and produce the results 
anticipated, he must not experiment, but 
notify the Janitors or 
Superintendent of School Supplies, who 


Supervisor of 


will see to it that a competent person is 
sent to give instructions. Under no cir- 
cumstances must a school be permitted 
to close or become chilly for lack of heat, 
and the excuse that you were experiment- 
ing will not be accepted as a valid one. 
The process is so simple there ought to 
be no difficulty in producing the desired 
result, but, as before stated, if you find 
any difficulty in using the solution do not 
but 

instructed, and a 


notification, as 
will be 


experiment send a 


person sent to 


show you how results may be obtained 


Note 


Engineers, janitors, firemen and others 


SPECIAL 


in care of stoves, furnaces, low-pressure 
and high-pressure boilers are hereby nott 
fied that comparisons will be made of the 
saving in each school and a record kept 
in the Bureau of Supplies and in the office 
ot the Supervisor of Janitors, and such 
taken 
when promotions are being made. All 


records will be into consideration 
might as well realize that the Committee 
on Supplies and the Committee on Care 
of Buildings are convinced that money 
can be saved by this method with your 
cooperation. We, however, do not want 
to save money in coal and waste it in re- 
Do not 
waste your time writing letters criticising 
the matter but carry out the 
the has been 
tested and found satisfactory and feasible. 


pairs to boilers and connections. 


instructions 
set forth, because formula 
Such being the case, you are expected to 
cooperate with the Department, because 
it will be to your advantage to do so 
A. J. MAGuIRE, 
Supervisor of Janitors 
PATRICK JONEs, 
Superintendent of School Supplies. 
Approved : 
Tuomas J. HiccINs, 
Chairman Committee on 
Care of Buildings. 
NicHoLas J. BARRETT, 
Chairman Committee on Supplies. 





30 


POWER 





1908 


January 7, 


Power Plant Machinery and Appliances 


Original 
No 


Manufacturers 


of 


or 


Descriptions 


Cuts 


Power 
Write-ups 


Devices 


Used 





MUST BE NEW OR 


“*Collin’’ Pressure-regulating 


- Valve 





Figs. 1 and 2 are sectional views, at 
right angles to each other, of the Type B, 
“Collin” steam-pressure regulating valve 
made by the Ohio Brass Company, of 
Mansfield, O. Two features to which 
attention is called the absence of 
springs for opening and closing the main 
valve and dash-pots for cushioning; the 
valve cushions inherently when closing 
and is balanced when open, its operation 
depending upon the pressure of the fluid 
passing through it. The steam enters the 
valve chamber B, but is divided by the 
splitter J (Fig. 2) in such a way as to 
divert it from impacting with full 
velocity against the valve and stem, thus 
distributing its force equally and enhanc- 
ing the balancing properties. The steam 
enters the chamber C through a small hole 
drilled in the main piston K. 

The spring case 7 carries the regulat- 
ing spring U, which forces the diaphragm 
S upward against the pressure of the out- 
let side of the valve. The controlling- 
valve chamber F, Fig. 1, connects with the 
main-valve chamber C through the drilled 
regulating port H. This chamber con- 


are 


As soon as the pressure in the outlet 
or service side begins to drop, the spring 
U forces the controlling valve G from its 
seat O, allowing the steam in the chamber 
C to pass through the regulating port H 
to the controlling-valve chamber F and 
the outlet E. The pressure in the cham- 
ber C is therefore reduced below that in 
the chamber B, and the main valve rises 
































FIG. 2 


tains the controlling valve G, which is 
held to its seat O by the pressure and by 
the spring P. At the lower end the con- 
trolling valve is also in contact with the 
diaphragm S, as shown. 


FIG. I 


and permits steam to pass to the service 
side. When the pressure on that side has 
been restored the diaphragm S forces back 
the regulating spring U and allows the 
controlling valve G to seat. As soon as 
this occurs, the pressure in the chamber C 
builds up and the main valve J starts to 
close. 

Below the main valve J guide wings M 
extend through the cushioning chamber D 
and carry a supplementary piston L which 
enters the port N when the valve is 
closed. When the main valve J opens, it 
lifts beyond a point where steam cutting 
can occur before the supplementary pis- 
ton L opens its port N. This is to pre- 
vent the cutting of the main valve and 
seat. In closing, the supplementary pis- 
ton L enters the port N, checking the flow 
of steam and allowing the main valve J 
to come to its seat against a steam cushion 
formed by high-pressure the 
chamber D. . 

The regulating spring U is adjusted by 
turning the screw I’ by means of the end 


steam in 
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X'* of the key X, and the adjusting screw 
is then secured by tightening the lock- 
shield W, which is.provided with a differ- 
ential thread, using the end X”* of the 
key for the purpose. A wooden hand- 
wheel and a lock-nut can be furnished, if 
desired, in place of the key and _lock- 
shield. 

By removing the cover AA the main 
piston valve can be taken out; by remov- 
ing the plug R the controlling valve can 
be removed, and by removing the spring 
case 7 the diaphragm can be taken out. 
It is not necessary to remove the dia- 
phragm in order to clean or grind the 
controlling valve, but the compression 
must be released from the regulating 
spring U. The diaphragm may be re- 
moved without cutting off the inlet pres- 
sure, and this forms a convenient way to 
determine whether the valve is tight after 
grinding. These valves are made in sizes 
ranging from %x%-inch to 2x2-inch. 





The Andrews Valve 





In the interminable discussion of the 
question which way should a globe valve 
be placed, one set of disputants insist that 


MD, 











FIG. I. 


ANDREWS STOP-VALVE 


the should be upon the undef 
side of the disk, in order that the valve 


pressure 
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stem may be relieved of pressure when 
the valve is closed, while the other 
maintain that a disk will be tighter and 
more firmly supported if it rests upon the 
seat all around its circumference, rather 
than being hung upon and thrust against 
a central stem. 

The purpose of the valve invented by 
Thomas Andrews, of Rockaway, N. J., is 
to combine these advantages and avoid 
these disadvantages in a common valve. 
This he does by providing a lower as well 
as an upper seat with an additional disk 
held to the lower seat by a spring and 
forced away from it by an internal screw 
of the valve-stem, as is evident from Fig. 
1. That the construction lends itself to a 
blow-off as well as to an ordinary globe 
valve is evidenced by Fig. 2. 

By placing this valve so that the pres- 
sure stands upon the lower disk when the 








FIG. 2. 


valve is closed, the stem may be packed 
under these conditions. There will be lit- 
tle tendency for the disk to collapse, since 
it is supported all the way around and not 
simply by the stem in the middle, and 
should there be any tendency to leak past 
the seat, the upper valve will hold it tight. 





Myers “Bulldozer” Power 
Pump with Air Com- 


pressor 


F. E. Myers & Brother, of Ashland, 
O., recently placed on the market a line 
of pumps equipped with air cylinders, 
adapted for hand, windmill and power 
service, the accompanying half-tone il- 
lustrating the Myers “Bulldozer” power 
pump so equipped. The makers state 
that this pump has been operated con- 
tinuously for 30 days, maintaining an air 
Iressure of 90 pounds, against a reservoir 
vith a relief valve. 

The air compressor shown has a brass- 
lined cylinder mounted directly on the 
yoke guide of the pump, the piston-rod of 


set * 
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the pump serving as a piston for the air 
pump. The air is forced directly from the 
cylinder into the discharge pipe of the 
pump, through which it is conveyed to the 
pressure tank. It will be that the 
outfit is complete within itself, requiring 
no fitting or piping other than is usual 
with the ordinary pump. 


seen 





The Phillipson Diaphragm Valve 


This valve is designed particularly for 
situations where leakage about valve-stems 













ANDREWS BLOW-OFF VALVE 


is sought to be avoided. Absence of such 
leakage, always desirable, is especially im- 
portant in radiator valves in residences, in 
valves upon vacuum systems where the en- 
tering air impairs the efficiency of the sys- 


3! 


tem and increases the work upon the 
pumps, and in ammonia and other chemi 
cal systems, where the escape of fumes or 
chemicals is unpleasant and dangerous, as 
well as wasteful. In the valve under re 
view the portion containing the fluid is en 
tirely shut off from the atmosphere by a 
diaphragm made up of pure 
nickel, not exceeding 0.004 of an inch in 
thickness, a sufficient number of sheets 
being used to withstand the pressure for 
which the valve The 


layers of 


is designed. stem 
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PHILLIPSON DIAPHRAGM VALVE 


bears upon this diaphragm and the move 
ment which it communicates to it is con- 
veyed to the valve through a system uf 
levers by which it is multiplied the re- 
quired amount. It is quite practicable to 
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open a valve wide with a quarter turn of 
the stem. A movement of 1/32 of an 
inch in the diaphragm to either side of the 
central position will give a movement of 
3% of an inch to the valve by a lever mul- 
tiplication of 6 to 1. Asa thread of small 
pitch can be used upon the stem, there is 
no difficulty in handling the valve on ac- 
count of the great leverage. The position 
of the disk is fixed so that the valve al- 
ways seats in the same position. The valve 
is made by the Phillipson Valve Company, 
245 Pearl street, New York City. 





Civil Service Examinations 


The United States Civil Service Com 
mission announces the following examina- 
tions to be held January 22: Second-class 
(or assistant) engineer in the office of the 
Secretary of War, at $720 per annum, ap- 
plication form 1093 being required; teacher 
of mechanical drawing at the Carlisle 
(Penn.) Indian school, at $600 per annum, 
application form 304 being necessary; two 
assistant engineers of tests at the Water- 
town (Mass.) arsenal, at $1200 per annum, 
application form 1312 being requisite ; ma- 
chinist for the Government printing office, 
application form 1093 being needed. The 
application forms may be obtained from 
the office of the commission at Washing- 
ton, D. C. 





Gas-power Section of the 


A. S. M. E. 





During the December meeting of the 
American Society of Mechanical Engineers 
the councii of the society acted favorably 
upon the application of H. H. Suplee for 
the formation of a professional section of 
the society for the promotion of gas-power 
engineering. A committee was appointed, 
to take the matter in hand, as follows: 
F. R. Hutton, chairman; Alexander 
Humphreys, R. H, Fernald, F. W. Taylor, 
H. H. Suplee. Mr. Suplee is temporary 
secretary. 





Exhibits at the Museum of 
Safety Devices 


Prof. F. R. Hutton, past president of 
the American Society of Mechanical En- 
gineers, is the chairman of the committee 
on admission of exhibits for the American 
Museum of Safety Devices and Industrial 
Hygiene, which occupies the entire fifth 
floor at 231 West 30th street, New York 
City. The museum desires exhibits of 


devices and processes for safeguarding 
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life and limb in connection with wood- 
working machinery, railway and marine 
transportation, mining, agriculture and 
manufacturing of all kinds. 

One exhibit already consists of speci- 
mens of fifty different kinds of dusts il- 
lustrating the occupational diseases; ac- 
companying each is the photograph of a 
microscopic section of the lungs showing 
the effect on the worker of coal, iron, 
brass, steel, wood and other dusts. There 
are also wax models illustrating those 
occupational diseases which attack the 
bones and skin. 

All exhibits accepted by the committee 
will be eligible for the gold medal offered 
by the Scientific American for the best 
device, exhibited at the museum, for safe- 
guarding life and limb. All inquiries re- 
garding exhibits should be sent to Dr. W. 
H. Tolman, director. 

A friend of the museum has offered a 
prize of $100 for the best essay on the 
“Economic Waste of Accidents.” The 
committee of award consists of Richard 
Watson Gilder, George Gilmour and W. 
H. Tolman. 





Obituary 


Lord Kelvin, scientist of world-wide 
reputation, who in private life was Sir 
William Thomson, died December 17, at 
Glasgow, at the age of 83 years. To 
enumerate all of his contributions to sci 
ence would be impracticable, but they 
probably outnumber those of any other 
contributor to the world’s progress. His 
electrical inventions alone would have 
won him undying fame. They include 
those connected with telegraphy and sub- 
marine cables (he was electrical engineer 
for the expedition which laid the first 
Atlantic cable in 1857-58), those con- 
nected with navigation and the mariner’s 
compass, and those connected with in- 
struments of precision for electrical meas- 
urements. Lord Kelvin was born in Bel- 
fast, Ireland. He left rio heir and his 
title therefore becomes extinct. 


Charles P. Matthews, professor of 
electrical engineering at Purdue Univer- 
sity, died at Phoenix, Arizona, November 
23, 1907.. Professor Matthews was born 
in 1867. He graduated from Sibley Col- 
lege, Cornell University, in 1892, and af- 
ter serving four years at Cornell as in- 
structor in physics and applied electricity 
he went to Purdue, where he became as- 
sociate professor of electrical engineering, 
succeeding Professor Goldsborough, as 
head of the school, in 1905. 


Charles W. Martin, Jr., died Tuesday, 
December 31, after an illness of three 
weeks, of pneumonia. He was thirty- 
seven years of age, and at the time of his 
death held the responsible position of as- 
sistant general manager of Jenkins Broth- 
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ers, steam-valve manufacturers, of New 
- York, by which firm he had been em- 
ployed more than twenty years. Mr. Mar- 
tin was a general favorite with his em- 
ployers and his death will be a severe loss 
to them. “Charlie” Martin was undoubtedly 
the most widely known and best-beloved 
man in engineering circles in the United 
States. His honesty, integrity and sterling 
business qualifications entitled him to the 
many honors acccorded him by the entire 
engineering fraternity. His wonderful, 
magnetic personality drew all-classes to 
him, and he made a friend of every per- 
son with whom he came in contact. His 
geniality was infectious, and it was 
through his personal efforts that the dif- 
ferences once existing between the engi- 
neer and supplyman were smoothed over. 
Mr. Martin organized the supplymen’s 
associations of the National Association of 
Stationary Engineers, the Marine Engi- 
veers’ Beneficial Association and the Inter- 
national Union of Steam Engineers. He 
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was a member of the executive committee 
of the supplymen’s association connected 
with the Master Mechanics’ and Master 
Car Builders’ Association, and filled, with 
great credit, the chairmanship of the en- 
tertainment committee of that organiza 
tion. 

He at all times cheerfully aided en 
gineering societies in the arrangement of 
their social functions. He was an honorary 
member of Nos. 7 and 8 of the National 
Association of Steam Engineers, and the 
Marine -Engineers’ Beneficial Association, 
of New York; a charter member of the 
Steam Engineers’ Club, of New York, and 
the Modern Science Club, of Brooklyn, 
besides belonging to many other organiza 
tions. 

Mr. Martin all that was manly, 
noble, earnest and self-sacrificing, and it 
can be truly said that he did not have an 
enemy on earth. 

The funeral was from his late residenc 
in Brooklyn, on Friday, January 3. He i 
survived by a widow, a*daughter five years 
old and a son two years of age. 


was 
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Largest Gas Engines for Electrical Work—l 


Construction Details and Operating Data of the Gas Engines 
at the Martin Station of San Mateo (California) Power Company 





BY C 


To the Martin station of the San Mateo 
Power Company, a subsidiary of the Cali- 
fornia Gas and Electric Corporation, be- 
longs the distinction of driving its gen- 
erators by means of the largest gas en- 
gines thus far employed for that class of 
service anywhere in the world. Other gas 
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of the other Pacific-coast cities for the 
operation of street railways, lighting and 
power purposes generally, and also manu- 
factures and distributes illuminating gas 
in many of these. same cities. When the 
San Mateo power plant was originally 
planned, it was intended to use it during 


r Ooo. & 


electric system, throughout the night; in 
view of these changed conditions we 
understand that the corporation is mak- 
ing arrangements to manufacture a gas 
which can be produced more economically 
than the present gas, to be used for power 
purposes only. 




















FIG. I. 


engines of about equal dimensions are 
under construction for the United States 
Steel Corporation, but none of them has 
been put into service as yet.* 

The California Gas and Electric Cor- 
poration furnishes electric current to the 
United Railways of San Francisco, the 
Street railways of Oakland and to many 


*At the date of writing. 


VIEW OF CALIFORNIA STATION FROM THE REAR OF THE 


load peaks daily, and as an emergency 
plant in cases of trouble with the hydro- 
electric system, and for this reason it was 
decided to use illuminating gas as fuel for 
the engines. Conditions since the earth- 
quake, however, have so changed that the 
plant is now operated continuously from 
5 a.m. until about midnight and, in times 
of shortage of power from the hydro- 


GAS ENGINES 


The illuminating gas which is now being 
used in the engines is a water gas made 
from crude oil by the Lowe process. The 
crude oil is heated to about 300 degrees 
and the oil vapor mixed with superheated 
steam; the excess moisture is separated 
out and the saturated mixture of oil vapor 
and steam is carried into a “fixing” cham- 
ber, where it is superheated to 600 degrees 
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and thereby converted into a fixed water 
gas of about 600 B.t.u. per cubic foot. The 
gas is very high in hydrogen and methane, 
and gave a good deal of trouble on this 
account at first. A sample analysis is as 


follows: 
By Volume. 

CET ETC E CT TTT TT ET 58.4 
Methane (marsh gas).......... «0.200 28.8 
Olefiant series........ .. er Cee ee 3.4 
Oe MROMORINO 5. 5c. occ. dicceceiascase 4.4 
NT 06 sdcdnidbdoxunsxecoann’ 1.2 
ER oachcacidisks sachiekaaoqasees 3.8 
MN CaS ta earnecininnis: chenls MaaGacuaeinaune trace 

100.0 


The early difficulties with the gas have 
all been overcome and no trouble what- 
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machine with cylinders of 42-inch diameter 
of bore by 60-inch stroke, the two cranks 
being placed at 90 degrees from each 
other. The general arrangement of the 
engines is shown clearly by Fig. 1; and 
in the design and arrangement of the 
frames and other running-gear parts the 
engine is very similar to the modern 
horizontal steam engine for heavy-duty 
service. 

The normal rated capacity of each 
engine, and the load under which each 
one has been operated for months, is 4000 
brake horse-power, with a momentary 
overload capacity of 33 per cent., making 
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distance from the center line to the top of 
the foundation is five feet, the finished 
floor being two inches above the top of 
the foundation. 

The three engines which are in opera- 
tion drive three 25-cycle Crocker-Wheeler 
generators at 88 revolutions per minute; 
the fourth is to drive a 60-cycle Crocker- 
Wheeler generator at 90 revolutions per 
minute. All of these generators are rated 
at 4000 kilowatt-amperes (4000 kilowatts 
with non-inductive loads). 

The speed of 88 revolutions per minute 
represents 880 feet piston travel per min- 
ute, at which speed the engines operate 








FIG. 2. 


ever is now experienced so long as the 
piston packing rings and the metallic 
packing on the piston-rod are kept in 
proper condition. 

The power house was built for five 
generating units and three frequency- 
changers. Three of the generating units 
have been in service about a year, the 
fourth is in course of erection and the 
foundation for the fifth was recently com- 
pleted. The engines were built by the 
Snow Steam Pump Works, Buffalo, N. Y., 
and are all exactly alike. Each engine is 
a horizontal twin-tandem double-acting 





the maximum capacity 5334 brake horse- 
power. They have demonstrated their 
ability to carry continuously a 15 per cent. 
overload, or 4600 brake horse-power, 
without any labor or difficulty. Each of 
the engines weighs, exclusive of the 
fly-wheel and generator, approximately 
1,400,000 pounds and occupies a floor 
space of 74x34 feet. The foundation 


proper for each engine, exclusive of the 
sub-foundation, contains 864 cubic yards 
of masonry. The center line of the engine 
is kept as close to the foiindation as pos- 
sible, as is evidenced by the fact that the 
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GENERATOR END OF ONE OF THE LARGE GAS-ENGINE UNITS 


more smoothly and quietly than they do 
at lower speeds. The engines are de- 
signed for a maximum compression of 95 
pounds absclute, the clearance volume 
being 28 per cent. of the piston displace- 
ment. 

It will be noticed from the picture of 
the main frame that these engines are of 
the overhung or side-crank type, similar 
to steam engines for power-house service, 
and in this respect the Snow company is 
a pioneer; gas engines previously having 
been built with center cranks. 

The main frame, power cylinders and 
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cradle are all mechanically centered with 
each other where they abut, just as is 
done in steam-engine practice, and the 
power cylinders rest on a bed-plate which 
at its forward end is secured to the end 
of the main frame. This bed-plate rests 
on the foundation practically its entire 
length and is made with pads for the sup- 


POWER 


It enables all working parts of the en- 
gine, without exception, to be located 
above the engine-room floor and therefore 
to be in full view of the attendants at all 
times. 

Inlet- and exhaust-valve driving mo- 
tions from the cam-shaft are short and 
direct. 

















FIG. 3. 


port of the cylinders, the feet on the 
cylinders being provided with guides fit- 
ting over the pads on the bed-plate in 
such a manner that the cylinders are free 
to move longitudinally to respond to 
changes in temperature. 

Both ends of each cylinder are equipped 
with loose heads, and access to either end 
of any cylinder is obtained by simply slid- 
ing the head back on the piston-rod. In 
addition to this, inspection holes are pro- 
vided in each cylinder-head by means of 
which the interior of the cylinders can be 
inspected without removing the cylinder- 
heads. 

The inlet and exhaust valves are located 
respectively in the top and bottom of valve 
chambers cast on the sides of the power 
cylinders. This is one of the distinctive 
features of the Snow engine, and as it is 
considerably at variance with what older 
gas-engine builders consider “best prac- 
tice” in the design of large units, we have 
ventured to ask the designer of these ma- 
chines for an explanation of his prefer- 
ence for this arrangement instead of the 
more general location of the valves in the 
top and bottom of the cylinder counter- 
bore. The principal reasons given are 
as follows: 

It permits of the use of an absolutely 
continuous bed-plate under all cylinders, 
which is considered essential on engines 
as long as these are for maintaining abso- 
lute alinement and permitting unrestricted 
movement to compensate for variations in 
temperature in cylinder walls and con- 
necting parts. 

A solid, unbroken foundation from one 
end of the engine to the other is thus 
secured, and the builders consider that a 
solid, unbroken foundation is more es- 
sential for a gas engine than for any other 
prime mover on account of the enormous 
weight of the reciprocating parts and the 
inability to fully counterbalance. 


ONE OF THE MAIN 


FRAMES 


Exhaust valves are much more acces- 
sible for removal when located on a valve 
chamber on the side, since the crane can 
be used throughout the entire operation 
and all work in connection with the re- 
moval and replacement of the exhaust 
valves is done from the engine-room floor. 

With valves located in a side valve 
chamber, broken inlet and exhaust valves 
cannot get into the interior of the cylin- 
der and lodge between the piston and cyl- 
inder-head, causing wrecks. 

It has been very generally the opinion 
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the bottom, such deposits will be car- 
ried out through the exhaust valve; 
furthermore, that lubricating oil collects in 
the bottom of the counterbore and is car- 
bonized, causing back-firing and pre- 
ignitions. Experience with these en- 
gines thus far indicates that if lubrication 
is properly effected no carbonized oil is 
found in the cylinder, and that when oil 
is supplied excessively the resulting de- 
posit of carbon is located not on the sur- 
faces of the clearance space, but on the 
top of the piston barrel directly under the 
oil-inlet holes, on the piston-rod where 
it wipes in from metallic packing, and on 
the face of the cylirder-head directly un- 
der and close to the piston-rod hole in the 
head. 


MAIN FRAMES 

Each main frame is of double-box sec- 
tion and weighs finished 93 tons. Each 
frame is equipped with one pillow-block, 
as will be noticed from the photograph. 
The crank case is entirely covered in by 
removable sheet-steel covers, as are also 
the openings in the power end of the 
frame. It was found necessary to do this 
to prevent splashing of oil in operation. 
The bottom of the frame is bellied directly 
under the pillow-block, this part of the 
frame resting on a corresponding depres- 
sion in the foundation. The main cross- 
head guides are formed in the main frame, 
are located top and bottom, as in or- 
dinary steam-engine practice, and are 
bored from the center of the power cyl- 
inder. 

















FIG. 4. 


of gas-engine designers that the location 
of the valves in a side valve chamber of 
the kind used on the California engines 
entailed the certain disadvantage that 
foreign material entering the cylinder 
with the air and gas would deposit on 
the bottom of the cylinder counterbore, 
while if the exhaust valve be located on 


SHOWING CONTINUITY OF BED-PLATE UNDER THE CYLINDERS 


The main journal is equipped with 
cast-iron, babbitted quarter boxes, the 
lower shell seating in a bored seat, and 
both cheek pieces being adjustable by 
means of wedges and adjusting screws, as 
indicated in Fig. 5. The bottom shell is 
water-jacketed for use in cases of emer- 
gency heating. The maximum fiber strain 








36 


in the frame under maximum load is 
about 800 pounds per square inch. 


THE CYLINDERS 


The cylinders are made of a special 
mixture of cast iron, just as hard as can 
be satisfactorily machined, and each cyl- 
inder is made in two pieces, the joint be- 
tween the halves being circumferential 
midway between the ends, flanged and 
bolted together with bolts shrunk into 
place. Each half is molded so that that 
part which is the end of the cylinder is 
cast down and a large riser provided on 
the upper end of the mold, in order to 
insure a clean, sound casting. The inner 
and outer shells of the cylinder are cast 
together, as well as the valve chamber, 
but no ribs of any kind are interposed be- 
tween the inner and outer shell, except di- 
rectly at the end, as a brace for the flange. 
The object of this construction is to leave 
the inner shell independent of the outer 
one in responding to temperature influ- 
ences. When the cylinder halves are bolted 
‘together to form a complete cylinder, the 
outer shells stand apart longitudinally 
some distance, this gap being covered by 
an expansion ring having rubber inter- 
posed between it and the cylinder shell to 
permit of free movement to compensate 
for expansion. The complete cylinder, un- 
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this, the expansion ring is parted longi- 


tudinally so that the halves can be re- 


moved entirely from the cylinder, exposing 
the entire center part of the inner shell of 
the cylinder for inspection and cleaning. 
expansion 


This ring is so designed 


a, hi 
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that the jacket in one end of a cyl- 
inder is separate entirely from the 
jacket of the other end, and separate 
feeds and drains are provided for each 
end, so that each end is sure to receive 
its proper supply of water. Passages are 
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cate with the bottom of the cylinder 
jacket, so that by removing plugs as often 
as the condition of the jacket water may 
necessitate, sediment can be run out from 
the bottom of the cylinder jacket through 
the funnel until clear water comes, when 


Shims 


Brass Shims 


Drain from 
Lower Shell 


OF 


MAIN BEARING 


the plugs can be reinserted and water 
drawn off from the top of the cylinder 
normally. The inner shell of these cyl- 
inders is 33% inches thick. 

The necessity for provision for free 
expansion in large tandem gas engines 


























FIG. 6. 


dergoing the process of boring out, is 
shown by Fig. 8 

Numerous large holes are provided in 
the outer shell of the cylinder through 
which the different parts of the cylinder 
jacket can be thoroughly cleaned. Besides 


MAIN-BEARING 


CAP FIG. 7. 


provided in the expansion ring leading to 
a suitable drain funnel by means of which 
water is carried away from the top of the 
cylinder jackets under normal operating 
conditions. In addition to this, separate 
passages in the expansion ring communi- 


MACHINING A CRANK-SHAFT 


will be appreciated upon considering the 
fact that the tail end of the rear cylinder 
on these engines moves out almost 3% inch 
from a cold standby condition to one of 
heating under normal load. 

The cylinder-heads are steel castings of 
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simple form, ribs only being provided at 
the end of the head away from the fire. 
Each cylinder-head is equipped with two 
joints with the cylinder, one at the inner 
end of the head nearest to the piston and 
one under the cylinder-head flange. Heads 
are secured to the cylinders by studs and 
nuts in the usual manner and provision is 
made so that a leak in the inner gasket 
can be detected and operation continued, 
using the outer gasket until such time as 
a shut-down and renewal of the inner 
gasket is convenient. The heads are water- 
jacketed, water being supplied to each head 
individually and separate from other feeds 
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made in two parts joined together cir- 
cumferentially by mechanically centered 
fits, one half in the other, and the halves 
are bolted together. Each piston is 
strongly ribbed for great transverse 
strength and is equipped with six pack- 
ing rings of the plain concentric type, 
one inch wide, sprung over the piston 
body into the grooves. Suitable doweis 
are provided in the grooves at the bot- 
tom of the piston for the purpose of 
keeping the piston-ring cuts always in 
that location, and the crossheads are ad- 
justed so that the pistons just touch the 
bottoms of the cylinders, thus seating the 
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and drains, so that the amount of water 
passing through each head can be noted. 

The forward and rear cylinders are con- 
nected by cast-iron “cradles” of partial- 
box section, like the main frame, which 
are bolted to the cylinder flanges with 
through bolts. Each cradle contains two 
large openings in its sides, through which 
heads and pistons can be removed, if de- 
sired, and by means of which the inter- 
mediate piston-rods and stuffing-boxes, as 
well as the intermediate crosshead guide, 
can be observed at all times from either 
side of the engine, without stooping or 
climbing. 


PISTONS AND PISTON-RODS 


The three engines now in operation 
are equipped with pistons of cast iron 








A CYLINDER BEING’ BORED OUT 


piston-ring cuts and preventing leakage 
of gases past them. The pistons are 
water-cooled, of course. 

The fourth engine is equipped with a 
later type of piston, made in one piece 
with special ribbing which permits of ex- 
pansion and contraction in any direction 
without subjecting the piston to abnor- 
mal strains. In other respects this piston 
is the same as those in the three engines 
now in service. 

The piston-rod construction is unique. 
In these California engines one rod ex- 
tends from the main crosshead to the 
tail crosshead. It is keyed into the main 
crosshead on a straight loose fit and is 
held to the tail crosshead by a nut and 
key, the latter being provided in order 
that the proper amount of piston-rod ex- 
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tension can be given by driving the key, 
thereby preventing twisting of the rod, 
which would be likely to occur if exten- 
sion were given by tightening up the nut 
instead of by driving the key. On this 
rod are threaded, in the order named, 
an intermediate sleeve extending between 
the main crosshead and the forward pis- 
ton; the forward piston; an intermedi- 
ate sleeve extending from this piston to 
the rear piston; and a final sleeve ex- 
tending between the rear piston and the 
tail crosshead. All these sleeves are 
mechanically centered in the crossheads 
and pistons and the joints between sleeves 
and pistons are ‘scraped to fit. The in 
termediate sleeve is clamped midway be- 
tween the inboard and outboard pistons 
by an intermediate crosshead, which 
rides on a bored guide provided for it 
in the cradle. 

Both intermediate and outboard cross- 
heads are equipped with the babbitted 
gibs adjustable by shimming, so that the 
weight of the pistons is removed from 
the bores of the cylinders by crosshead- 
gib adjustment. The piston-rod is cen- 
tered in the middle of the bore of each 
piston in a short fit, slightly less in diam- 
eter than the remainder of the piston 
bore. The bore of the sleeves is slightly 
greater than the largest diameter of the 
piston-rod in the piston and crosshead fits, 
so that the sleeves can be withdrawn over 
the rods without difficulty. The inter- 
mediate sleeve acts as a cantilever in 
supporting the weight of the pistons. 

The piston-rods are of open-hearth 
steel, while the sleeves are of high car- 
bon steel containing a small percentage 
of nickel. The piston-rod sleeves are of 
I5 inches external diameter. 

Jacket water is suppled to the inboard 
sleeve through a telescopic device shown 
in Fig. 9. It passes through the inter- 
mediate sleeve and into the bottom of 
the forward piston, circulates around the 
piston and out from the top, back 
through intermediate sleeve, into the bot- 
tom of the rear piston, and from the 
top of that piston through the rear sleeve, 
spilling from the tail crosshead through 
a tail pipe and slotted duct provided in 
the outboard guide. The water passages 
through the piston-rod jacket service are 
large and free, so that with 20 pounds 
water pressure, no difficulty is experi- 
enced in passing ample water through 
the rods and pistons. 

The rear piston is removed in the fol- 
lowing manner: The intermediate sleeve 
is clamped so as to hold it tight against 
the forward piston and main crosshead; 
the piston-rod nut is unscrewed from 
the rear end, permitting the withdrawal 
of the tail crosshead; the rear cylinder- 
head is then removed, leaving the rear 
sleeve free to be withdrawn; saddles are 
provided by means of which the piston is 
withdrawn from place, leaving the inter- 
mediate sleeve and the balance of the 
parts between the forward piston and 
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the main crosshead held tightly together, 
one against the other, so that the for- 
ward cylinder need not be opened up. 

If it is required to remove the forward 
piston, the intermediate and rear cross- 
heads are clamped tightly in place in their 


extreme rearward position. The key in 
the main crosshead is then driven, per- 
mitting the rod itself to be pulled through 
from the rear end until the forward end 
of the piston-rod is past its piston. The 
engine is then turned over so that the 
main crosshead is in its other extreme 
position, enabling the forward cylinder- 
head to be pulled off over the end of the 
forward sleeve and removed through the 
openings in the main frame provided for 
the purpose. When the forward cylinder- 
head has been removed the forward sleeve 
can be withdrawn, permitting of the with- 
drawal and removal of the forward pis- 
ton without disconnecting connecting- 
rods, main crossheads, jacket-water sup- 
ply or other parts. The piston-rod sleeves 
being large in diameter are relatively thin 
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Strength of Riveted Seams 





By M. J. Smiru. 





As boilers are the principal elements 
in a steam plant, and the most prolific 
source of danger, and as the initial rup- 
ture generally occurs in a riveted seam, it 
is very essential for the engineer to be 
able to form an approximate estimate of 
the strength of the seam. Some boiler 
makers are either very careless or very 
ignorant as to what should be the proper 
proportions of the diameter of the rivet 
and the pitch to insure the highest per- 
centage of strength of seam. The writer 
has seen a single-riveted seam in which 
the percentage of strength of seam to the 
sheet was as low as 40, and a ‘double- 
riveted seam whose strength was below 
50 per cent. of that of the solid sheet. 
Boiler makers use a rivet one-sixteenth 
inch less in diameter than the rivet hole, 
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FIG. 9. PISTON-ROD, PISTONS AND SUPPORTING SHOES 
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and can accordingly be satisfactorily 
cooled. There being no nuts holding the 
pistons to the rods, which nuts must of 
necessity be bulky, there are accordingly 
no hot spots there which could cause pre- 
ignitions. The length of the bearing face 
of the piston is 27 inches. 


Piston-rop METALLIC PACKING 


The piston-rod_ stuffing- boxes are 
equipped with special metallic packing 
manufactured by the Garlock Packing 
Company. Each set of packing consists 
of one scraper ring, located nearest to the 
throat, and five packing rings. These 
packing and scraper rings are contained 
‘in a casing split longitudinally so that the 
entire casing and packing rings may be 
removed from the piston-rod without 
disconnecting the rod from the cross- 
heads. A special oil wiper is provided at 
the outer end of each packing casing for 
the purpose of coating the rod with a 
very fine coating of gas-engine cylinder- 
oil, 





“For now the day is unto them that 
know, and not henceforth she stumbles 
on the prize.”—William Watson. 





but when the rivet is upset and secured in 
place it is supposed to entirely fill the 
rivet hole. In the following calculations 
and rules the diameters of rivet and 
rivet hole are assumed to be equal; that 
is, if the boiler maker uses an 11/16-inch 
rivet in a 34-inch rivet hole, the calcula- 
tions assume a 34-inch rivet, which should 
be its size when upset. Boiler rivets and 
the pitch ought not to vary by more than 
1/32 of an inch as a variation of 1/16 inch 
may cause a variation of several per cent. 
in the strength of the seam. 

While it is possible, by using larger 
rivets and a greater pitch, to give a sin- 
gle-riveted seam a strength equal to almost 
any per cent. of that of a solid sheet, such 
a seam would be unfit for boiler purposes, 
owing to the excessive length of the sheet 
section between the rivets; hence, the ne- 
cessity of using smaller rivets and more 
rows of them. _ 

If in a double-riveted boiler the rivets 
are placed opposite each other, each sec- 
tion between the rivets would be so great 
as to cause a tendency to leak, and even 
if each row were the strongest it could 
be made, the second row would be of no 
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benefit whatever. Consequently, the riv- 
ets in the second row are placed opposite 
the section space in the first row, and at 
such a distance from the first row as to 
have the distance between rivets in the 
first and second rows equal to one-half 
the distance between the rivets in either 
row. While the strength of the iron 
sheet from which the boiler is made will 
vary, 52,000 pounds tensile strength of 
sheet and 38,000 pounds shearing strength 
of rivet may be taken as a fair average. 
Let m equal the tensile strength of the 
sheet, r the shearing strength of the 
rivet per square inch of sections, ¢ the 
thickness of the sheet, » the number of 
rows of rivets, d the diameter of the rivet, 
and s the section of the sheet between 
rivets. Then 


0.7854 @rn=stm, 








and 

sim 

ff = 1.473 pe 

also, 

oS. 

1.273 £m 
for equal strength. . 
. s 
But s + d = the pitch and oe ies 


c = per cent. of strength of seam. 
Whence 

















cad d*r 
Sm =—_____ 
I—e¢ 1.273 2m 
Dividing by d and transposing: 
im 
d= et 1S 
Similarly, 
c 3 im 
ae (4) tae rn - 


While the diameter of the rivet for 
any particular strength of seam increases 


‘ im 
directly as 
rm 





, the section increases as 


bm : 


Yn . 


I—c 
and when ¢ is greater than 50 per cent. 
the section increases much faster than the 
diameter of the rivet. At 50 per cent. of 
strength of seam the diameter and the sec- 
tion are equal, below 50 per cent. the sec- 
tion is less than the diameter. With the 
same diameter of rivet and pitch the 
strength of seam decreases as the thick- 
ness of the sheet increases; consequently, 
as the thickness increases the diameter of 
the rivet and pitch must increase, also. 

It is very seldom that in practice the 
strength of the rivet and section are the 
same. In this case the per cent. of 
strength must be calculated from the pitch 
and the weaker of the other two. A very 
approximate diameter of rivet hole is 
found by adding 3/10 of the thickness of 
the sheet and extracting the square root 
of the sum. 

When the diameter of the rivet, that is 
of the rivet hole, is given, to find the per 
cent. of the strongest seam that can be 
made with that size of rivet: 
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Rule—Multiply the given diameter of 
the rivet by the number of rows of rivets 
and by the shearing strength of the rivet 
per square inch of section; divide the 
product by the tensile strength of the sheet 
per square inch of section multiplied by 
its thickness; call the quotient a, add 1.273 
to a and divide a by the sum. 





FoRMULA: 
drn _« 
im" 
Then 
a — 
1.273 +a 


per cent. strength of seam=c. 


To find the section between rivets, di- 
vide a as found above by 1.273 and mul- 
tiply the quotient by the given diameter, 
or multiply the given diameter by 
then s + d= pitch. 


But we have found that 
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c 1.273% 
x 73im 


-¢ rn J 


d=- 
I 


anc 
2 
pon ff )'x 7273 im 
I—c rn 
and s+ d= the pitch. Now, if we let 


1.273 2m 
rn 


’ 


c 
fo-——- and 6= 


then b g?+ b g = pitch = p. Dividing by 


band g+g= £; 


p & 
£$=,/>7 + 0.25 —0.5; andc= 
J 6 1+ sg 

The section will equal p c, and the diam- 
eter will equal p (1 — c), or bg = d and 
b g® = the section. 

lf it is required to find a riveted seam 
with a given percentage of strength, let 
the section between the rivet holes equal 

< 
rn |\———— 


ri 


and s + d = pitch, as before. 


1.273 2m 
—¢ 





As these calculations are in inches and 
decimals of an inch, and as the rivets are 
taken in sixteenths of an inch, multiply 
the decimal for the rivet as found by 
the calculation by 16 and use the nearest 
sixteenth-inch rivet. This may make a 
few per cent. difference in the strength 
of the seam. 

The tensile strength of boiler sheets 
increases with the temperature until about 
500 degrees is reached, and decreases very 
rapidly after about 700 degrees of heat is 
reached, beginning to show red hot at 
about 800 degrees. Experiments made by 
the United States Government show that 
steel boiler plates increase about 1 1/10 
per cent. in strength from 32 to 500 de- 
grees heat, and at 1600 degrees decrease 
to 1% per cent. of the original strength. 
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As these rules and formulas give the 
maximum strength that can be formed 
with any given diameter of rivet or pitch, 
it is presuméd that in actual practice the 
seam will seldom have this per cent. of 
strength, but should approximate it. 

There are many causes for a seam of 
inferior strength, even if the pitch and 
diameter of the rivet are correct. The 
rivet holes may not come fairly opposite 
each other, or the rivet may not entirely 
fill the rivet hole, or it may be so short as 
not to leave material for a sufficient up- 
set. After the sheets are riveted in place 














HOW TO RUN QUARTER-TURN BELTS 


it is almost impossible to detect defects 
in riveting, and the reputation of the boil- 
er maker is about all the engineer has to 
depend upon. 











Quarter-turn Belts 





The one thing that must be provided tor 
in putting up a quarter-turn belt is to 
lead the belt straight onto each pulley. 
It makes no difference, within reason, at 
what angle a belt leaves the pulley but 
it must come on fair. The delivering face 
of one pulley must be in the same plane as 
the center of the receiving face of the 
other pulley. 

In the drawing herewith the plane 4 B 
rests against the delivering face of the 
larger pulley and cuts the smaller pulley 
through its center. The belt delivered in 
this plane will run fairly onto the smaller 
pulley, and would do so whether the latter 
were moved upward or downward, as 


C 




















shown by its dotted position in the plan 
view, as long as its central line remains 
in this plane. If, then, it is placed so that 
its delivering face is in the plane C D of 
the central line of the larger pulley, the 
belt will lead fairly back onto that pulley. 
This condition is shown in the plan and 
in the right-hand elevation. If the di- 
rection of rotation of the pulleys is re- 
versed the belt will run off because the re- 
ceiving face then becomes the delivering 
face and is not in the plane of the pulley 
to which it feeds the belt. 

The condition will be satisfied by putting 
the centers of the two delivering faces in 
line with each other, as shown by their 
intersection in the plan view. 
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Requisites of Practical Roller Bearings—l 


Constructive Features Which Insure Serviceability; What to 


Avoid; 


How Roller 


Bearings 


Should Be 


Classified 
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Nearly all rollers in actual use in bear- 
ings, whether straight or tapered, may 
properly be classified under one of” the 
following heads: (1) Rollers having trun- 
nions or journals; (2) rollers pierced 
longitudinally; (3) plain rollers, i.e, 
rollers which have neither journals nor 
longitudinal perforation. In Figs. 1 and 
2 may be seen examples of the first class, 
one straight and the other tapered. The 
main object of the journals is to afford 
a means whereby alinement may be main- 
tained. They fit into apertures made for 
the purpose in the two bands of the cor- 
responding cage. This fit should be a 
very close one, so as to allow only the 
slightest displacement possible of the axis 
of the bearing, thus preserving its aline- 
ment. It is likewise of the highest im- 
portance that the individual axes of these 
journals should be in exact coincidence 
with the axis of the roller. Or to express 
the same idea in what is, perhaps, a 
closer approximation to machine-shop 
language, the body of the roller and the 
journals. should be “central” with each 
other. To secure the requisite exactness, 
these parts of the roller should be ac- 
curately ground to size (say within 
0.0005 of an inch of standard), and the 
necessity that they should all be co-axial 
must be borne distinctly in mind. 

For roller bearings designed for severe 
service involving heavy loads combined 
with considerable speed, it is well to have 


journals of large diameter. The trunnion 


at the butt end of the ordinary tapered 


roller would not seem to admit of much 
enlargement, as it is necessary not only 
to reserve space for the cage, but 
also for the presence of a rib or other 


- 


rs 


and 3. (Notice particularly the rounding 
of the ends.) ; 
The second class of rollers consists of 
those having a longitudinal hole through 
each. In Fig. 5 are shown a straight and 





a. 














FIG. 4 


a tapered roller of this type, and in Fig. 
6 are shown sectional views of the same. 
The longitudinal hole is for the purpose 
of introducing a rod connected with the 
end bands of the corresponding cage. This 
rod should have a fairly close fit. It acts 
as a dead axle upon which the rollers ro- 
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cial means are at hand. It may be noticed, 
in passing, that this type of roller does 
not admit of very stout guiding rods, as 
obviously the limit of the diameter of the 
hole is very quickly reached. 

The third class of rollers consists of 
those which are plain, not having either 
trunnions or longitudinal holes. Fig. 7 
illustrates two varieties of this class. 
These two rollers, one straight and the 
other tapered, lie between longitudinal 
guiding bars or fingers. These fingers 
have the mechanical advantage of length 
(as with the rods used with the perforated 
rollers), together with the commercial ad- 
vantage of accessibility of all parts upon 
which the control of the alinement of the 
rollers depends, thus limiting the expense 
for executing the operations requisite to 
secure accuracy. The rollers may lie 
with some degree of looseness between 
the guiding fingers. It is, of course, neces 
sary that the portions of the fingers con- 
tacting—or which are liable to contact—- 
with the rollers should have a fair degree 
of accuracy. These fingers may be made 
quite heavy for heavy service. 

In comparing these different types sev- 
eral characteristics stand-out in relief. 
The pierced roller permits the use of a 
larger number of rollers in a bearing than 
either of the other classes, for the reason 
that the guiding rod may be utilized as 
the rivet binding into unity the end bands 
of the cage. With the journaled roller, 
and with the plain roller guided by the 
finger arrangement, rollers must be 
omitted from the circuit to obtain the 
necessary space for the connecting rivets 
or for the fingers themselves. On the 
other hand, it must be borne in mind that 


























means to receive the individual end thrust 
of the roller. But this reason does not 
apply to the straight roller,as in ordinary 
types there is practically no end thrust 
for which it is necessary to provide. Fig. 
3 shows a straight roller with enlarged 
journals. In Fig. 4 are shown sectional 
views of the rollers shown in Figs. 1, 2 


FIG. 2 


tate relatively to the cage. As the object 
of this rod is precisely that of the jour- 
nals in the preceding class of rollers, it 
is necessary that both hole and rod should 
be quite accurate. And this presents 
a difficulty, as to grind this hole (to say 
nothing of the small rod) is likely to be 
a rather expensive operation, unless spe- 


FIG. 3 


the pierced roller has been weakened by 
the perforation. 

The great objection to the journaled 
roller is the disadvantage in including in 
such an aggregation of rapidly moving 
parts, as’ is the ordinary roller bearing, 
pieces having small projections which are 
liable to breakage, especially when such 
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projections are hardened. Of course, this 
objection may be largely overcome by 
keeping the journals soft when hardening 
the rollers. In case-hardening machine- 
steel rollers two methods are open to use. 
First, the piece to be hardened is impreg- 
nated with carbon by heating it in the 
presence of some source of carbon supply, 
as bone dust, etc., and then it is chilled 
quickly by being plunged into the cooling 
bath. The second method, and perhaps 
the more approved, is to allow the article 
to cool gradually after it has been impreg- 
nated with the carbon, then heat it again 
and finish by plunging it into the cooling 
bath. If the second method is followed, 
it is quite easy to get rollers with soft 
journals in the following way: The 
machining of the journals is left uncom- 
pleted until after impregnation with car- 
bon; then between the two heatings the 
machining of the journals is completed, 
which process removes the outer or car- 
bon-impregnated skin; upon re-heating 
and dipping, the body of the roller will 
acquire a hardened surface, while the 
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is soon reached when we endeavor to in- 
crease the diameter of the journals, be- 
cause the end bands of the cage would be 
weakened by too close an approach of the 
journals to each other. 
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FIG. 6 
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journals, not containing sufficient carbon 
for the hardening process, will remain 
soft. In the case of tool-steel rollers two 
methods may be-employed. <A _ tool-steel 
tube may be shrunk upon a mild-steel core 
before machining, or the temper of the 
journals may be drawn by dipping them 
into hot babbitt metal. 

Unless it is permissible to reduce the 
number of rollers in a bearing, a limit 
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It is to be remarked, in view of the 
foregoing discussion, that each class of 
rollers has its distinctive qualities. In 
special applications of roller bearings 
these characteristics are to be taken into 
account ; with the result, no doubt, that it 
will be found that one type is best for one 
line of work, and another for another, 
while in many cases it will be a matter of 
indifference which is chosen. It should be 
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remembered, however, that to secure the 
best results the question must be viewed 
in the light of the special conditions. 





Simple Methods of Testing Feed- 


water ;and Lubricants 


By James E. Nose 


To tell whether the feed-water is hard 
or soft, test a sample of it with a few 
drops of alcohol that has dissolved all 
it can absorb of good soft-soap. If the 
water is hard, it will turn milk-white; 
if soft, it will remain clear. Another 
method is to place a sample of the water 
in a test-tube and add from five to ten 
drops of oxalate of ammonia. If car- 
bonate of lime be present the water will 
shortly become clouded, and in the course 
of an hour or two a precipitate will be 
found at the bottom of the tube. To 
detect sulphate of lime or sulphuric acid, 
to a sample of the water add a few drops 
of nitrate of baryta, or barium chloride, 
which will cause both a milky appearance 
and a precipitate, if the water contains 
either of constituents named. 

If decomposed animal matter is su 
pected, its presence will be shown by add- 
ing a drop of permanganate of potash, 
which will produce a bright, violet-rose 
color when first added to the water. If 
decomposeG organic matter is present, the 
water will turn to a “dead” yellow; if 
there is a large quantity of organic matter 
in the water, the color will soon disap- 
pear. When held in solution in 
the water a few drops of prussiate of 
potash will color the water blue, either 
at once or after some time has elapsed. 


iron is 


TREATMENT OF [EED-WATER 
To overcome the harmful effects of cer- 
tain impurities in feed-water, a few sim- 


ple directions for its purification by 
means of chemicals are here given. The 
treatments may be administered before 


the water enters the boiler, if necessary. 
but generally the reverse is the case. 
Doctor Clark’s treating 
water containing carbonate of lime is to 
add 28 grains of caustic lime for every 
50 grains of carbonate of lime. Caustic 
soda is another remedy; the soda takes 
carbonic-acid gas from the carbonate of 
lime and leaves carbonate and 
lime hydrate, which are harmless. About 
80 grains of caustic soda should be sup- 
plied for every 100 grains of carbonate 
of lime. Sal ammoniac is sometimes 
used, but on account of the danger of 
forming hydrochloric acid if an excess 
of sal ammoniac should happen to be 
employed, its use is not recommended. 
For water containing sulphate of iime, 
or sulphate of lime and carbonate of lime, 


method of 


of soda 
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the most easily available chemicals are 
carbonate of soda and caustic soda. These 
can be fed to the boiler in the feed-water 
and will precipitate the objectionable con- 
stituents, which may be blown out or re- 
moved by other means. Carbonate of 
soda only is all that is required to treat 
the feed-water for sulphate of lime alone. 
No soda, however, will remove the resi- 
due deposited in the boiler; that has to be 
got rid of some other way. Trisodium 
phosphate is sometimes used to decom- 
pose sulphate of lime, its action being to 
form sulphate of sodium and phosphate of 
lime. The former remains soluble and 
is harmless; the latter is deposited loosely 
and is easily removed. Trisodium phos- 
phate will also act on carbonate of iime 
and phosphate of magnesia, neutralizing 
the carbonic acid in the lime and magnesia 
and the sulphuric acid released from the 
sulphates. An alkali soda is thought to 
be the best medium to neutralize acid 
matter, the amount of soda to use being 
determined by trial. 


LupricANTts, AND How to Test THEM 
Solid lubricants which may be classed 
as mineral are graphite, mica, soapstone, 
sulphur and metaline. Powdered and 
flake graphite are used to mix with oils 
and greases, being intended to cover the 
journal with a thin coating of graphite 
to reduce friction. The other ingredients 
mentioned are used in much the same 
way, and the lubricating qualities of oils 
and greases are said to be enhanced by 
their use. Mica and metaline in solid 
form are used with good results, very 
little other lubrication being required. 
Animal and vegetable oils have been used 
as lubricants for many years, but since 
the introduction of multiple-expansion en- 
gines and high-pressure steam, mineral 
oils have come into general use for lubri- 
cating pistons, engine valves, etc. 
Mineral oils are not carbonized by high- 
pressure steam as readily as animal or 
vegetable oils, which are generally called 
“fatty” oils to distinguish them from the 
mineral or hydrocarbon oils. When the 
fatty oils are decomposed by the great 
heat of high-pressure steam they form 
stearic, palmetic and oleic acids. These 
acids when hot readily attack iron, steel, 
copper and its alloys; therefore, the iron 
or steel work of engines soon would be 
ruined by their continued use. 
Following are a few simple tests for 
oils. It is not claimed that they are abso- 
lutely accurate; but they will be of assist- 
ance in the selection of lubricants, be- 
sides being so inexpensive to apply that 
they are within the reach of all. For a 
full course of tests there will be required: 
An ordinary tin pan about 10 inches wide 
and 4 inches deep, which should be filled 
with clean sand; a small iron saucepan; 
a stamped-metal or tin cup; a thermome- 
ter that will indicate to at least 500 de- 
grees Fahrenheit; six clear-glass bottles; 
a sheet of tin or glass: a sheet of glass 
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painted black on one side (with a mixture 
of shellac, varnish and lampblack); one 
sheet each of red and blue litmus paper; 
a common thermometer; about a quart of 
gasolene; some ice, salt and washing soda 
and a small funnel. 

Test No. 1. Ifa drop of supposed fatty 
oil is poured upon the blackened glass 
held at various angles to the light, and 
the oil shows rainbow colors, it contains 
mineral matter. 

Test No. 2. Put a small quantity of 
mineral oil in the tin cup, place it in the 
pan of sand and heat until the tempera- 
ture of the oil reaches 300 degrees 
Fahrenheit, cooking it about 15 minutes. 
Then let the oil cool, and if it is con- 
siderably darker than before the heating 
it shows that the oil is unfit to use in 
cylinders or on hot bearings. 

Test No. 3. To find the congealing 
point of an oil, partly fill the cup, place 
it in the empty pan, pack cracked ice with 
which has been mixed salt and sal soda 
around the cup, and cover the whole with 
a cloth. When the oil has congealed re- 
move the ice and fill the pan with hot 
water. When the oil begins to melt ir- 
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TUBES FOR SPECIFIC-GRAVITY TEST 


sert the bulb of the thermometer and 
note the temperature. 

Test No. 4. Place about one pint of 
supposedly pure mineral oil in the sauce- 
pan and add two ounces of caustic soda. 
Boil the mixture half an hour, then let it 
cool. If the surface is covered with soap, 
the oil contains animal or vegetable fats. 

Test No. 5. To ascertain if oils con- 
tain paraffin, waxes, gums, etc., put one 
ounce of oil and two ounces of gasolene 
in each clear-glass bottle, using differ- 
ent oils for the different bottles, of course. 
Shake each bottle until the oil is dissoived, 
then let the mixtures settle. If there is 
considerable precipitation in any or ail 
the bottles, it indicates that the oil in such 
was “doctored” to produce artificial vis- 
cosity. Such oils should be rejected. 

Test No. 6. To detect acids and alka- 
lies, dissolve a teaspoonful of the oil er 
grease to be tested in six *teaspoonfuls 
of boiling water, and dip a piece of red 
litmus paper into the mixture. If the 
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paper does not change color after, say, 
ten minutes, it will mean that the lubri- 
cant contains acid. If the color turns 
quickly to blue, it indicates the presence 
of an alkali. If the color changes slowly, 
the lubricant is neutral. With blue paper 
alkali does not change the color, of course, 
but acid turns it to red quickly, while a 
neutral lubricant will turn it slowly to a 
pale red. 

Test No. 7. Lay flat a sheet of tin or 
glass and pour upon it a few drops of the 
oils to be tested. Gently raise one end 
about an inch and secure the sheet in that 
position. The oils will run down the 
incline and that which reaches the bot- 
tom last ranks highest in viscosity. 

Test No. 8 Grease cannot be tested 
for viscosity by the preceding method, 
but by rubbing it between thumb and 
finger, or in the palm of the hand, one 
will be able to judge approximately of 
the viscosity, with a little practice. 

Test No. 9. Nearly fill the cup with an 
oil sample, place it in the tin pan and 
surround the cup with sand. Then heat 
it up. When the temperature reaches 300 
degrees pass a lighted match slowly 
across the top of the cup, and repeat 
this action at every rise of, say, 3 de- 
grees, until the vapor arising from the 
oil ignites with a flash. This is the “flash 
point.” Continue the test until the oil 
takes fire on the surface, which will be at 
the “burning point.” 


APPARATUS FOR SPECIFIC-GRAVITY TEST 

Following is a description of a novel 
apparatus for testing for specific gravity. 
It was designed by a friend of the writer. 

Referring to the illustration, A A are 
glass tubes bent as shown and connected 
at the lower ends by a short piece of rub- 
ber tube which is passed under a clamp 
B. The clamp can be brought to bear 
upon the tube by means of thumb-screws, 
thus acting as a stop. Behind each strap 
C is a small piece of rubber, intended to 
protect the glass tubes. The tubes are 
secured to a thin board D, as indicated. 

To find the specific gravity of a liquid 
pour into the glass tubes two different 
liquids, the specific gravity of one of 
which is known, in sufficient quantity to 
fill the bends as shown. Gradually add 
more liquid to each tube, alternately, when 
the liquid will rise appreciably in the long 
arms, but the air that is compressed in 
the connecting rubber tube will only per- 
mit a slight rise in the short arms. The 
difference in the levels is inversely pro- 
portional to the difference in the specific 
gravities of the liquids; therefore, if the 
specific gravity of one is known, the other 
may be found by measuring. 

If it is desired to empty one tube, the 
other may be corked and a few turns of the 
small thumb-screws will close the rubber 
tube.. The board may then be tilted with- 
out disturbing the contents of the closed 
tube. 
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Verniers 
By F. WEBSTER 


If the scale of a measuring rule is grad- 
uated in eighths of an inch, the shortest 
length that can be measured accurately by 
its use would be an eighth of an inch. For 
measurements where absolute accuracy is 
not essential, fractions of this space can 
be estimated by the eye. When the di- 
mension must be measured accurately, 
however, and the determination includes a 
fractional part of an eighth of an inch, 
the scale in question will not suffice, and 
this is where the little sliding attachment 
called a “vernier” will prove useful. As 
the illustrations show, it likewise can be 
used with scales graduated in tenths and 
sixteenths of an inch. Verniers are also 
used on micrometer calipers, planimeters 
for measuring areas of indicator cards, 
and the like. 

In Fig. 1 the units of the rule scale are 
divided into ten parts, so that tenths of a 
unit can be measured directly by the scale 
proper. The vernier is the short scale ar- 
ranged to slide along the measuring edge 
of the rule, the graduation marks on the 
scales being adjacent. It will be seen that 
on the vernier scale ten spaces compen- 
sate for nine on the true scale. Thus each 
sub-division of the vernier is nine-tenths 
as long as one on the regular scale. Hence, 
the first space on the vernier lacking one- 
tenth of the length of the first space on 
the scale above it, the second line of the 
vernier is two-tenths of a space to the left 
of the second line of the regular scale, 
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fraction, or as a decimal fraction, 
0.03. 

The idea is further explained in Fig. 
3. In this case the units of the large 
scale are divided into sixteen parts, seven 


3 
T00» 


parts being equivalent to eight spaces on 
the The of the 
scale has been moved to the right of the 


vernier. zero vernier 
zero of the other a distance equal to one 
unit, four spaces and a fraction of a 
The portion to be read directly 
from the regular scale may be written as 


space. 
I *- The third line of the vernier co 
incides with a line on the large scale, and 
its zero line is located three-eighths of a 
space to the right of the fourth line on 
the upper scale. The value of this dis- 
tance is¥% of ys = y$s of a unit; there- 


Scale 
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Vernier 
FIG. 5 


fore, the total measurement equals 1 4; 


plus y$;. The method of adding these 
fractions together is as follows: Mul- 
tiply both terms of 4; by 8, so that both 
fractions will have the same denominator, 
thus, 


Then 

Yes tris = rs» 
and the total measurement from the zero 
on the upper scale to the zero on the 
vernier is 1¥,,. 
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fifth line of the vernier with 


a line on the other scale; therefore. the 


coincides 


space measured by the vernier is equal 
to 5 of y;, or z$, of a u:it on the 
the upper scale. The total reading, then, 
is 


28 + roy = 25% + rhs 


It will be noticed that the figures on 


= 2,4) 


™ 135° 


the vernier in Fig. 4 are written in re 
order to the other illus- 
that is, they read from right to 
The 


reason for this will be explained in con- 


verse those in 
trations ; 
left instead of from left to right. 
in which the vernier 
is similar to that in Fig. 4, in that it con- 


nection with Fig. 5, 


tains fewer spaces in a given length than 
does the scale proper. In Fig. 5 nine 
spaces of the vernier equal ten of the 
upper that 


is greater, value 


scale, so each vernier space 
Now, 
if the vernier is moved to the right one- 
ninth of a the line 8 


will coincide with the 9 on the other scale. 


its being *,’. 


space, 


veriier 


According to the explanations given in 


connection with the vernier$’ shown in 
Figs. 1 and 3, the measurement would 
be § X po = a5 Of a scale unit. But 


it is evident that this is not true, as the 
vernier was only moved } » ¥5 35 0 


of a space. Hence, the reading should 
be made by using the lower row of fig- 
the 


in reverse order, and 


which 
the 
should be omitted, as is done in Fig. 4. 


ures on vernier are written 


upper row 


According to the lower row of figures, 


line 7 of the vernier coincides with the 


line 9 of the true scale when the vernier 
1 


is moved 4 of a space to the right. 



































the third line is out three-tenths of a In Figs. 1, 2 and 3, there is one divi- The reading is then } ts = 35 Of a 
space, and so on until the tenth line of sion less on the regular scale than there unit, as it should be. Therefore, when 
Scale 
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the vernier coincides with the ninth line 
of the other scale, as shown. If the ver- 
nier is moved to the right until the first 
of both then the 
lines will be a space 


scales coincide, 


one-tenth of 


lines 
zero 
apart and the distance measured will be 
one-hundredth of a unit on the main scale. 


In like manner, as shown in Fig. 2, if 
the third line of the vernier coincides 
with a line of the scale, the distance 


will be three-hundredths of a 
This may be written as a common 


measured 
unit. 


are vernier divisions in the same length, 
but in Fig. 4 the number of divisions on 
the main scale is greater by one than the 
number on the for the same 
length; that is, nine divisions on the up- 
per scale equal the vernier. 
Reading the upper scale, the distance be- 
tween the zero lines is 21% plus a part 
This 


vernier 


eight on 


section of one of-the small spaces. 
latter length, then, is to be measured by 
the and added to the regular 
scale reading. It will be noted that the 


vernier 


the vernier spaces are longer than those 
on the regular scale, the figures on the 
vernier should be from right to left, or 
in reverse the scale 
proper, to prevent mistakes in reading. 
Verniers like those shown in Figs. 1. 


order to those on 


2 and 3 are called direct-reading  ver- 
niers; those in Figs. 4 and 5 are called 
retrograde verniers. As the spaces on 


the retrograde verniers are longer than 
those on the direct verniers for the saine 
scale, they are easier to read. 
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Catechism of Electricity—XXXI 





574. Is the location of a switchboard 
in a gallery as weil adapted to an under- 
ground distributing system as to an over- 
head one? 

In general, conductors from the gen- 
erators approach the switchboard from 
below, being led beneath the flcor of the 











FIG. 154. A WOODEN SWITCHBOARD, SKELETON 
FORM 


station from the machines to the board. 
The distributing conductors usually leave 
the board from above if the line wires 
are carried overhead, and from below in 
case of an underground system. It fol- 
lows from this that a switchboard 
mounted in a gallery is better adapted, as 
regards convenience in wiring, to an over- 
head distributing system than to an under- 
ground one. 

575. Mention some considerations that 
should govern the location of a switch- 
board in a high-voltage station. 

In a high-voltage station the fire hazard 
and the protection of the employees from 
electrical shocks are matters which de- 
serve special attention. Mention has 
already been made of the advantages of a 
switchboard gallery in isolating the 
switchboard from adjacent combustible 
material and from the station employees. 
Whether the board is mounted high or 
low, however, a space should be left be- 
tween it and the floor or the ceiling, to 
prevent the extension of fire which may 
originate on the board. Unless the floor 
in the vicinity of the switchboard is of 
concrete or other fireproof construction, 
a space of at least ten inches should be 
allowed between the floor and the board, 
and if the board is mounted high there 
should be at least three feet between the 
board and the ceiling. 

It is important to guard against water 
coming in contact with the board, for 
water seldom fails to cause trouble; a 
switchboard, therefore, ought never to be 
placed under or near a joint in a steam 
or water pipe. Automatic sprinklers and 
similar devices should be kept at a dis- 
tance, since fire caused by electricity get- 
ting into the wrong path should not be ex- 
tinguished with water. Damp air may also 
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cause trouble, so the switchboard should 
not be installed near an outside door or 
window. It is, however, desirable to have 
plenty of natural light both in frent and 
behind the board in the daytime, and pro- 
vision should be made for artificially light- 
ing these places at night. 

Whereas for ordinary low-voltage work 
four feet is sufficient clear.space to allow 
behind the board, from six to eight feet 
of clear space should be arranged for be- 
hind high-voltage switchboards. 

It is well to allow for a railing around 
in front of the switchboard, as this is 
often a protection for the station em- 
ployees, preventiig them from coming into 
accidental contact with the apparatus upon 
the board. In high-voltage stations, where 
remote control is not used on the switch- 
board, an insulated platform in front of 
the board has been found effective in safe- 
guarding the switchboard attendant. 

576. What is remote control? 

In high-voltage stations where 5000 
volts and above are handled, it is consid- 
ered good practice to have no high-volt- 
age apparatus on the switchboard—only 
the measuring instruments connected to 
the secondaries of potential or current 
transformers, and the mechanical levers 
or electrical controlling switches. The 
main current-carrying switches are placed 
in fireproof compartments, of brick or 
soapstone, usually located directly behind 
the switchboard, if mechanical control is 
used, or in a gallery, basement, or other 
convenient place, if electric or electro- 
pneumatic control is emploved. This 
method of separating the indicating and 
controlling apparatus from the main cur- 


rent-carrying parts is called remote 
control. 
577. Does remote control affect the 


location of a switchboard? 

It does, and especially so in the case of 
electric or electro-pneumatic remote con- 
trol which permits of the switchboard 
being located anywhere in the station, re- 
gardless of the position of the main cur- 
rent-carrying switches. 

578. Does not remote control reduce to 
a minimum the danger of serious electrical 
shocks to the switchboard attendant in a 
high-voltage station? 

It does. 

579. What general considerations gov- 
ern the construction of a switchboard? 

The construction of a switchboard de- 
pends to some extent on the position and 
amount of space it will occupy; different 
conditions call for different plans. The 
number of machines in a plant and their 
character, the number of circuits to be 
supplied, the different combinations to be 
made and the controlling devices to be 
used must all be considered. When it is 
remembered that the space allotted to each 
appliance may vary considerably, and that 
the board may be high and narrow or low 
and wide, it will be seen that there are not 
many cases exactly alike. 
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580. Of what materials are switch- 
boards made? 

Weod, slate and marble are generally 
used. 

581. What may be said 
wooden switchboards? 

Wooden switchboards were formerly 
the only type in use, and may yet be seen 
in some of the smaller plants. Their con- 
struction is excusable where material for 
something better is unobtainable. 

A wooden switchboard should be built 
so as to redute the fire risk as much as 
possible. To meet this requirement, the 
hardwood, skeleton form of board illus- 
trated in Fig. 154 is best adapted: It con- 
sists of vertical posts a, etc., to which are 
fastened a number of horizontal slats b, 
etc. The dimensions of the pieces depend 
upon the size of the board and the weight 
to be supported; they should not be too 
small, since lightness in such a construc- 
tion increases the tendency to vibrate, and 
vibrations tend to destroy the usefulness 
of the instruments. The cross-pieces may 
be securely fastened by placing them 
partly or entirely in the posts, as shown in 
the illustration. The distances between 
these pieces are governed by the lengths 
of the bases upon which the instruments 
and other switchboard apparatus are 
mounted. The bases should be either of 
slate or marble. When small 
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snap- 














FIG. 155. A THREE-PANEL SLATE SWITCH- 


BOARD 


switches and fuse blocks are screwed on, 
they should have under them a piece of 
asbestos of sufficient width to prevent a 
possible arc from reaching the wood. All 
wires must be thoroughly insulated, and 
neither they nor the instruments crowded 
too closely together. 

Oak or ash is best for wooden switch- 
boards, and every piece of wood on the 
board should be treated with a non- 
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combustible paint which is also a good 
electrical insulator. 

582. What may be said regarding slate 
switchboards? 

Slate switchboards are extensively used 
for circuits of less than 1100 volts. The 
slate should be black or gray and of a 
uniform shade, without conspicuous veins. 
Each slab should be tested and not 
accepted unless found to be free from 
mineral veins. A filling should be ap- 
plied to the slate in order to prevent the 
absorption of moisture. Manufacturers 
treat the slate with enamel paint, partly 
burning it in; the surface then becomes 
very hard and may be polished and 
grained so as to make it appear like 
marble or wood. Slate does not show 
dust or dirt as readily as other materials; 
it is not affected by oils, nor is it easily 
broken. It serves well for a low-priced 
switchboard designed for low voltages. 


POWER 


terial received may be of poor quality, or 
entirely useless. 

584. Must any special precautions be 
observed when working on marble for 
switchboards? 

For drilling in marble, twist drills or 
ordinary flat drills may be used, but they 
should be somewhat more pointed than or- 
dinarily, that is, ground to an angle of 
about 50 degrees, instead of 60 degrees. 
While in use, the drill must not be al- 
lowed to choke with dust, as that will 
cause it to heat, which will spoil it. Such 
trouble can be avoided by using water in 


‘the hole; this will cause spots to appear 


on the marble for the time being, but in a 
few days the water will dry out and the 
spots disappear. Oil in all cases must be 
kept at a distance, as it spreads enor- 
mously in some marbles and a single drop 
may spoil a whole slab, as far as appear- 
ances are concerned. 

















FIG. 156. MARBLE SWITCHBOARD, SHOWING INCLOSING:- FRAME AND WOODEN GRATING AT 
THE BOTTOM 


583. What may be said regarding mar- 
ble switchboards? 

Marble switchboards are used more ex- 
tensively than any other kind. Marble is 
preferable on account of its appearance 
and its high-insulation quality. It should 
always be used in preference to other ma- 
terials for switchboards designed to carry 
circuits of over 1100 volts. Italian marble 
has advantageous qualities not usually 
found in the American stones product, 
and should be preferred on that account. 
The Eastern States marble is more fragile 
and, being more porous, absorbs consider- 
able moisture; blue Vermont marble, how- 
ever, is an exception to this criticism and 
is extensively used for switchboard work. 
There are quarries in some of the South- 
ern States which produce marble high in 
insulating qualities, of fairly good appear- 
ince and easily worked. These points 
lust all be considered when purchasing 
marble from a dealer, otherwise the ma- 





585. What may be said regarding the 
assembling of a slate or marble switch- 
board? 

The assembling of a slate or marble 
switchboard is an easy matter, if the plant 
in question is a very small one, since then 
it is only necessary to secure a single 
slab, of the desired dimensions, and sup- 
port it upon a wooden framework. In 
cities and districts where slate or marble 
may be had for such purposes, large slabs 
are usually obtainable, and one piece is 
often sufficient for the switchboard in 
many an isolated plant or small station. 
In places where the material has to be 
shipped over a long distance, it is de- 
sirable to use small slabs. which are not 
so readily broken. This is good practice 
in any event, as it makes it easy to renew 
a piece which has become cracked or 
spotted. The sizes of the individual slabs 
depend upon the design of the board, and 
may vary in any one structure according 
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to the positions of the instruments and 
other appliances. 

Switchboards not more than five or six 
feet wide over all may be built up of three 
or four slabs placed one above the other. 
Some manufacturers let the seams between 
the slabs run vertically, but the engineer 
building a switchboard in a station will 
find it to his advantage to have them run 
horizontally, as it will be easier to build 
up the board, and any open joints which 
may occur will not look so bad. Where the 
slabs join, the front edges are usually 
chamfered to reduce the liability of break- 
ing pieces out of the slabs when assem- 
bling them; a one-quarter to one-half inch 
bevel is sufficient. 

Larger switchboards are built in sec- 
tions as shown at 4, B, C, Fig. 155. The 
panels adjoin each other sidewise, and 
each is about 90 inches high, from 16 to 
26 inches wide and 2 inches thick. Each 
panel generally consists of two slabs, as 
ab, cd, or ef, one above the other, the 
upper one being from 60 to 65 inches 
high and the lower from 25 to 30 inches 
high. Fig. 155 represents a three-panel 
slate switchboard. 

586. How should the framework for 
holding together and supporting the 
switchboard panels be made? 

It should be made either of wood or 
iron. While the latter material is used 
extensively by manufacturers, it is not as 
practicable for the engineer who is build- 
ing his own board. When wood is em 
ployed it may be of any kind, but oak or 
ash is preferable, and it should be per 
fectly dry. It is also important to treat 
it with an insulating paint or compound 
that will prevent the penetration of mois 
ture. Heated linseed oil, applied until the 
wood will no longer absorb it, makes the 
framework a good insulator. For the 
support of the marble or slate slabs, only 
vertical pieces are necessary. Usually, 
however, horizontal pieces must be added 
to support the rheostats, etc., or to en 
able a person to secure the wires properly. 
Many wooden-framework  switchboards 
are so erected that no wood is visible ex 
cept the feet or legs, but the appearance 
may be improved by inclosing the marble 
or slate in a frame of oak or other wood, 
three to six inches wide, according to 
the size of the board. Such a frame is 
shown at h in the marble switchboard 
illustrated in Fig. 156. In the case of a 
marble switchboard space should be lef: 
between the bottom of the lowest slab and 
the floor, to prevent oil or dirt from soil- 
ing the marble. If the board is inclosed 
by a frame this space may be occupied 
by a wooden grating, as at w, Fig. 156. 

It will be noticed that in this board 
there are three panels ab, cd and ef, 
each of which consists of two slabs. The 
panels are mounted at angles with each 
other to make the board conform to the 
shape of the wall; they are supported on 
five wooden feet s, s, etc., and reinforced 
by wooden braces running between the 
top of the framework and the wall behind. 
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Elevator—XIV 


Description of the Morse-Williams ‘Pulling’ Machine, Treating 
Especially of the Construction and Operation of the Valves 





BY WILLIAM BAXTER, 


Another design of the pulling-type el- 
evator is presented in Figs. 152, 153 and 
154. This is called a “double-decked” 
machine, and is made by Morse, Williams 
& Co., of Philadelphia. Why it is called 
double-decked can be understood from 
Fig. 152, which is a side elevation and 
shows two machines placed one over the 
other. In buildings where floor space is 
limited this construction is often adopted, 
in some cases three and four machines 
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At the stationary-sheave end of the 
guides there are shorter guides U which 
carry a shaft provided with small rollers 
b, the function of which is to support 
the ropes running over the upper sides 
of the sheaves. In Fig. 152 the upper 
machine is shown with the traveling 
sheaves close to the stationary sheaves, 
caused by the car being at the lower floor 
of the building. In this machine the sup- 
porting rollers b’ are at the extreme right- 
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At one end of the shaft which carries 
hook / there is a lever k. When the 
sheaves D’ move toward the cylinder, the 
hook / being engaged with lever e, the 
supporting rollers b’ are carried along 
with the hook / until lever k reaches an 
inclined plane m, up which the rollers 
slide, causing the shaft to be rotated and 
hook / to be pulled up out of the way of 
the lever ce, the rollers being left in the 
position of those shown on the lower ma- 



















































































FIG. 152 





being installed one over another. Fig. 
153 is a top view of Fig. 152, and Fig. 
154 is an end view seen from the right 
side. In these machines there is but one 
piston-rod, as at B. The crosshead is 
similar to that in the Whittier machine, 
except that the sides of the end bars are 
square with the side frames, instead of in 
line with the traveling-sheave shaft, as 
at J, Fig. 154. The guides F are set so 
that the crosshead shoes a slide on top of 
the upper flange, not between the flanges. 


FIG. 153 


land end of the guides U’. In the lower 
machine sheaves D are close to the cylin- 
der, as they will be when the elevator 
car is at the top floor. In this case the 
supporting rollers b are at the extreme 
left-hand end of guides U and midway be- 
tween the sheaves D and E, the better to 
support the ropes at the central point. On 
the upper machine in Fig. 152 a hook ! 
mounted on a shaft carried by the guide 
shoes c’ engages a piece e secured to the 
part J’, as shown in Fig. 154, at the center. 


chine. The supporting roller shaft is 
kept in line, notwithstanding that it is 
carried along by the part e acting at the 
central point, by reason of the guide 
shoes c being provided with grooves that 
fit over the guides U, as clearly shown 
in Fig. 154. When the traveling sheaves 
move forward, the piece e engages hook 
1 when the latter is reached, and the rol- 
ler shaft is carried forward to the end 
of the guides, as shown at b. These sup- 
porting rollers relieve the ropes of con- 
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siderable strain when the stroke is long 
and the traveling sheaves are near the 
cylinder, but they are of little service in 
short-stroke machines. The movement of 
































FIG. 154 


the roller shaft is equal to one-half the 
stroke of the machine. 


THe Stop- AND MAIN VALVES 
In a machine of the pulling type the 
piston is forced toward the back end of 
the cylinder on the upward motion of the 
car. If the automatic stop-valve is prop- 
































FIG. 155 


erly adjusted it will begin to close at the 
right time to stop the car even with the 
upper floor; but if it is improperly ad- 
justed, the car is likely to run into the 
overhead beams, therefore buffers g g, 
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faced with rubber cushions h h, are pro- 
vided. In the machine illustrated in Fig. 
152 the automatic stop-valve does not fit 
perfectly, and if the main valve is not 
closed when the car reaches the upper 
floor, the car will not stop but will slowly 
move upward until the crosshead brings 
up against the buffer cushions h h. On 
the downward trip, if the main valve is 
not closed when the car reaches the lower 
floor, the car will settle gradually until 
it rests on the bumpers, or the piston 
strikes the front cylinder-head. 

In Fig. 152 the main valve is located 
at G and is actuated by a pinion at n 
which meshes with a rack in the neck- 
Learing n’. The automatic stop-valve is 
contained within the casing H and is ac- 
tuated by a rod connecting with a crank- 
pin on a crank-disk mounted on the shaft 
with the sprocket-wheel Q, Figs. 152 and 
153. The sprocket-wheel Q is rotated by 
means of a sprocket O mounted on the 
shaft with sprocket f, Fig. 153, which 
latter is operated by a chain, the ends 
of which are affixed to the ends of 
two square rods, the lower of which 
is shown at L. Another chain around 
the sprocket P is connected with the 
opposite ends of these two rods. To stop 
the movement of the piston, the stop- 
valve is actuated to the left. If the trav- 
eling sheave is moving toward the cylin- 
der the actuating bar R attached to the 
crosshead will strike the stop N and move 
it to the left, which will set up a counter- 
clockwise rotation of the sheaves O and 
QO, and this will move the crank-pin and 
the stop-valve to the left. If the travel- 
ing sheave is moving away from the cylin- 
der, the lower end of bar R will strike 
the stop N on the square rod L and, 
by carrying the latter to the right, rotate 
sheaves O and Q counter-clockwise in the 
same direction. The stops N are hook- 
shaped; they slide over the side projec- 
tions on bar R Fig. 154, and lock with 
it, with the result that when the elevator 
is started on the return trip the move- 
ment of the crosshead carries the stop N 
with it and the automatic stop-valve H is 
pulled open. When the elevator is started 
it moves very slowly for a few inches, 
as only the water that leaks by the auto- 
matic stop-valve is available to move it, 
but as the movement of the crosshead 
also operates the valve, the opening of 
the latter is rapidly increased and the car 
speed correspondingly accelerated. When 
the bar R has carried the stop N as far as 
the stop T the releasing lever S strikes 
the latter and the hook on the stop N is 
raised so that the bar R may slide by and 
leave the stop N adjoining the stop T, 
ready to be struck by the bar R on the 
next stroke. The actuating stops T are 
not held on the rod L but on a rod 
directly in front of it (see Fig. 154), and 
this rod is secured, so it will not move 
endwise, in the frame I’. 





CONSTRUCTION OF THE PISTON 


The construction of the piston is prac- 
tically shown in Fig. 152, at the back end 
of the lower cylinder, while some of the 








TIG. 157 
other details are shown in Figs. 155 to 
160, inclusive. Figs. 155 and 156 show 
the front cylinder-head for the lower ma- 
chine, the first being a front view, and 
the other a plan view. The automatic 
stop-valve is attached to the face B sur- 
rounding the inlet port A through which 
the water passes in and out of the cylin- 
der. The cylinder is a- straight piece of 
pipe with suitable end flanges and is bolt- 
ed to the back of the head, against the 
seat S. The manner in which the guides 
F are held is clearly shown; the buffer 
stands are fastened to the surfaces g g. 
Figs. 157 and 158 show the top front 
cylinder-head, which is substantially the 
same as the lower head, the only differ- 
ence being that the extensions Y Y of the 
latter are cut away. Figs. 159 and 160 
show the top back cylinder-head, which 
is materially different from the front 
heads. This head is provided with a 
hinged door made to fit tightly enough 














FIG. 159 


to keep out dust, which is all that it is 
intended to accomplish. If there were no 
door to close the end of the cylinder the 
machine would run all right, but the in- 
evitable accumulation of grit would cause 
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the lower side to wear away faster than 
if protected. This head also serves as a 
drainage well to receive any water that 
may leak by the piston, and thus keep the 
floor clean. The dotted line a a marks 
the bottom of this well, and the circular 
line b b is the seat against which the door 
closes, the latter being hinged at c c. 





Buckets of Dovetail Construction 
for Curtis Turbines 


We are indebted to the General Electric 
Company for the accompanying views 
showing the design of buckets employed 
in the Curtis steam turbine, and how they 
are assembled. In the smaller units the 
buckets are cut in the rim of the steel 
wheel so that the wheel and buckets are 
one solid piece of steel. 
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FIG. I. TURBINE BUCKETS AND SPACING 


BLOCKS 


In the large turbines, the bucket con 
struction illustrated herewith is used. Fig 
1 shows the turbine buckets and spacing 
blocks made of carefully proportioned al 
loy. These are assembled as shown in 
Fig. 2; the shroud ring and method of 
securing it to the buckets, by means of 
riveting down the tenons provided, is 
shown in Fig. 3. The method of attach 
ing the sets of buckets to the turbine 


POWER 


January 14, 1908. 
































a ar Pe Or lUlUrrehlUrrlUlUr CO 








a 


SOX.’ Dd DY YY 


ee * 


a a ee ee ie ey 








FIG: * 3: 


TURBINE BUCKET SEGMENTS, DOVETAIL CONSTRUCTION, SHOWING PROCESS AND 


COMPLETED SEGMENT, SIDE VIEWS 





wheel is shown in Fig. 4, from which can 
be seen the strong construction used. 

The characteristics of the construction 
shown are: Firm and solid construction; 
positive spacing of buckets; no possi 
bility of revolving buckets touching; ne - 
possibility of single buckets breaking 
loose and destroying others; all work is 
done by machines and is accurate; impos ° 
sibility of buckets stripping. 























FIG. 2. HOW 


THE BUCKETS ARE ASSEMBLED 











METHOD OF ATTACHING BUCKET SETS 
TO TURBINE WHEEL 


FIG. 4. 
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Gas and Oil Engine Diagrams and Fuel 


Diagrams Showing How Various Fuels Act in Internal-combus- 





Data—l 


tion Engines, with Tables Giving Information on These Fuels 





BY - 


The article of Cecil P. Poole, in the 
September number of Power, was prob- 
ably received by all readers 
with great appreciation, as it supplies so 
completely and concisely all existing 
theoretical formulas on this subject; I 
have never found a similarly practical and 


interested 











600) Lbs. 
\ 
\ 
338 Lbs ao 182 Lbs. Mean Pressure 
\ 
C=235 Lbs.) \\ 72 Lbs. Mean Pressure 
C =150 Lbs. 
C =45 Lbs. 
\ => 
Giildner Motor 
Producer Gas 
! 
& Lbs. 


lite. 


a, 





Air Pump 


2 Lbs, 


———, —______’ 


Korting Type 





Gas Pump 


FIG. I. 


comprehensive statement of these for- 
mulas elsewhere. This article gave me 
the idea to add a contribution covering 
another class of gas-engine data which 
might be interesting also, namely, tables 
giving information on the different fuels, 
and constructive outlinings of diagrams 
showing how these various fuels act in 
gas engines, dealing more specifically with 
the usual four-stroke-cycle gas engine. 
Some time ago I read a paper on this sub- 
ject before the National Association of 
Stationary Engineers, but some additional 
information is presented in the follow- 
ing. 

The main idea underlying the discus- 
sion of diagrams is a comparison of the 
laying-out of a steam-engine diagram 
with that of a gas-engine diagram, done 
in about the same way. This requires, of 
course, a study of quite a number of dia- 
grams, and some of these were taken by 
myself and some published in books and 
other journals. Diagrams based on differ- 
ent fuels were also considered, and some 
f them are shown in Figs. 1 and 2. No 
comments on these are required, as they 
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are self-explanatory, but if any reader 
wishes further enlightenment I will be 
glad to answer any questions by mail or 


through Power. I take it for granted 


that the K6rting and Oechelhauser en 
gines are known as operating on the two 
the 


stroke cycle; diagrams taken from 
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them show that clearly in the rapid down- 
fall of the exhaust end of the expansion 
line. 
DIAGRAMS WITH NATURAL-GAS FUEL 
A study of some of the engines of my 
own design may be of interest; Figs. 3 
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DIAGRAMS FROM DUBOIS GAS ENGINES 








50 


and 4, both taken with natural gas as fuel, 
give the data for this. Fig. 4 is from a 
50-horse-power single-cylinder hit-and- 
miss engine, as: built by the Dubois Iron 
Works, and Fig. 3 is from a 50-horse- 
power tandem throttling engine, also built 
by the same concern, both running in 
Dubois. Each of these diagrams was 
taken under full brake load on the engine, 
but to show the processes inside of the 
cylinder more clearly, the springs on the 
indicator were changed. It can be seen 
from both sets of diagrams that the 
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valve, which brings the mass of stationary 
exhaust gases into an oscilating con- 
dition. 

The results of years of practical and 
theoretical study are combined in the fuel 
tables, I and II. They are based partly on 
my Own practical observations, and revised 
partly according to the tables of Gildner 
and Sanford Moss, and some few values 
are guessed at, this guessing being based, 
however, on practical experience. I have 
found this information up to date suit- 
able for all my practice, but would be 
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To Prevent Cinder Discharge 


from Stack 





The burning of anthracite at high drafts 
results in a form of nuisance, in some 
respects worse than that arising from the 
production of smoke when burning soft 
coal, due to the discharge of small cinders 
or flakes of unconsumed coal from the 
top of the stack. It is worse when me- 
chanical draft is used. In cities where 
smoke ordinances prevail, this discharge 
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amount of work required for the suction 
and exhaust strokes of the engines prac- 
tically disappears in all diagrams which 
are taken with heavier springs. That is 
the reason why these lines can be neglected 
in laying out theoretical diagrams. Both 
types of engine are equipped with an 
auxiliary exhaust opening, which the 
quick exhaust drop in the expansion line 
of the diagrams shows clearly. The pecu- 
liarly shaped waves in the eight-pound 
spring lines of the exhaust are rather a 
sign of a good construction, as they indi- 
cate a quick- and wide-opening exhaust 


very glad to hear from any other designer 
if corrections would be required for his 
purposes, and why. 

(Continued on page 62) 





The State Civil Service Commission 
announces an examination, February 1, 
of persons eligible for assistant steam 
engineer in the county buildings of Mon- 
roe county, New York, at $900 per 
annum. Application blanks may be ob- 
tained from the chief examiner at Albany, 
N.Y. 





of cinders is often regarded as smoke. 
This is easily prevented by the use 
of economizers. The bottom of the econ- 
omizer flue being filled with water, the 
cinders strike the economizer tubes and 
fall into the water, from which the draft 
cannot lift them. 

It is probable that in no case has an 
economizer been installed solely with a 
view to abating a cinder nuisance. The 
advantages of the economizer being usu- 
ally relatively greater when forced draft 
is used, its incidental function of stopping 
the cinders is worth consideration. 
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Why Did the Circulating Pump 
Stop ? 





I give herewith an account of a recent 
experience which I believe will be of in- 
terest to Power readers and at the same 
time afford them an opportunity to exer- 
cise their “think boxes.” 

The plant is arranged, as shown in the 
sketch, on board a steamship. This, it 
will be seen, is more or less the usual 
practice. The vertical compound steam 
engine exhausts into the top of ‘a 500 
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be of benefit to my fellow engineers, so 
I withhold the solution. 
W. VINCENT TREEBY. 
Kent, England. 





‘*Blow-down Valves on Water 
Columns” 





In answer to Charles Haeusser, who 
asks, on page 874 of the December num- 
ber, what caused boiler No. 2 to dis- 
charge so much water into boiler No. 1, 


<_< Steam Main to Engine 
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ser opened the valve to blow out the 
water column. 

In blowing off a water column there is 
always a greater quantity of water dis- 
charged than steam, because there is more 
pressure on the water-leg than the steam- 
leg, due to the extra pressure of the hight 
of water, added to the steam pressure, so 
in this case there would be quite a dis- 
charge of water from the front end of 
the boiler; this sudden flow would cause 
a movement and circulation of all the 
water in the boiler, which would cause the 
comparatively thin layer of hot water at 
the water level to be replaced by the cool 
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square foot surface condenser, and the 
air pump, driving from the main engine 
in the ordinary way, sucks from the bot- 
tom of the condenser. The circulating 
water pump is a 6x8%x6 Worthington 
horizontal duplex. This latter pump ex- 
hausts into the main condenser as shown. 
When starting up, the vacuum gage indi- 


cated 24 inches, the circulating pump 
working quite nicely. Directly the main 
engine got under way, the circulating 


pump quietly shut down. 

The problem is to decide what caused 
the circulating pump to cease working. 

I might say that I have discovered the 
cause and rectified it, but believe that 
working out a little problem like this may 


I give my opinion as follows: Boiler 
No. 1 had been without fire all day Sun- 
day, and probably all Saturday night, so 
that portion below the water level must 
have cooled off considerably. Of course 
at the water level and above it would be 
at the same temperature as the live steam 
entering from boiler No. 2. It is not 
unusual for water to cool off even with 
live steam on the top, because water is a 
very good heat insulator and as there 
would be no movement or circulation it 
would not take long for the lower por- 
tion of the boiler to become cool, es- 
pecially if there were much air leakage 
through the chimney. This was probably 
the condition of affairs when Mr. Haeus- 


water from underneath and thus instantly 
convert the boiler into a very efficient 
surface condenser. The result of this 
would be a very rapid steam condensa- 
tion with a rush of steam from boiler 
No. 2, and as this boiler was hardly gen- 
erating any steam this would cause a 
rapid drop in pressure, and a lowering 
of the boiling point. The great body of 
water in boiler No. 2 would now be at 
a higher temperature than its boiling 
point and a portion of it would flash into 
steam; this great steam upheaval would 
naturally throw large quantities of water 
upward and much of it would be drawn 
into the steam pipe and thus boiler No. 
2 would “prime” badly into boiler No. 1. 
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The condensed steam, combined with the 
large quantity of “primed” water, would 
account for the rapid rise in water level 
in boiler No. 1 and the equal decrease in 
level in boiler No. 2. 

It is a condition like this which 
causes dangerous stresses in a boiler and 
that is why many boiler inspectors say it 
is unsafe to blow off a boiler that is “out” 
but not “cut off.” 

Geo. P. PEARCE. 

Exeter, N. H. 





A Useful Gland Flange 





Fig. 1 shows a gland flange made in 
two parts, which I have found useful in 
more than one instance. I have used it 
for the flange only and for the complete 
gland. The last time was on a Deane 
(of Holyoke) duplex boiler feed-pump 
The gland was of brass, with a cast-iron 
flange. The pump had been run twenty: 
four hours a day for two years and a 
half, or more, without repairs, except 
valves and piston packing, pumping hot 
water from a Webster feed-water heater 
against a pressure of 100 pounds, which 
is proof enough that the pump was all 
right. 

When the pump was shut down it was 
a case of hustle to get her fixed and 
going again, or it would be necessary to 
shut down the plant. There was one 
thing always fixed, and that was the time 
limit—twenty minutes. 

The rods were badly worn on the 
water end and hard to keep tight, as the 
engine, which exhausted into the heater, 
was stopped several times a day for ten- 
minute periods, which gave the pump 


cold water to pump, and then the rods 
the 


would leak and temptation was 








FIG. 


strong for the “boys” to nip the packing 
up a little. 

At last a gland flange broke and we 
cut out a plate (Fig. 2) to go over the 
gland flange until a more permanent re- 
pair could be made. I had two flanges 
made like the cut, used one and put the 
other on the shelf. Within two months 
we had three split flanges in use and one 
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standing by for emergency. To change 
flanges required about five minutes. 

In case a gland should break (in the 
flange, as they always do,) the part re- 
maining can be split off the rod without 
doing any damage to the rod itself, if 


C C 


FIG. 2 


care is taken in blocking up underneath, 
and in using the tools, thus saving con- 
siderable time over what it would take 
to remove the rod and replace it. 
A. T. Rowe. 
Brooklyn, N. Y. 





** A Peculiar Gas-engine Wreck ”’ 





The illustrations in the article on “A 
Peculiar Gas-engine Wreck,” on pages 
832 and 833 of the December number, 
reminded me very forcibly of the appear- 
ance of another wrecked engine, in the 
wrecking of which, some time ago, I was 
an active, although innocent, assistant. 
By the unique simultaneous occurrence of 
several unrelated events, circumstances 
were created which made an accident in- 
evitable. 

A gxi2-inch horizontal, center-crank 
oil engine, of the type in which ignition 
is caused by the retained heat of combus- 
tion, was employed in running certain 








I 


machinery. The engine was equipped 
with compressed-air starting mechanism, 
and a bulb on the cylinder was heated 
red hot with a gasolene heater to fire the 
first few charges. After the engine had 


been running for any length of time it 
could be stopped and started again in a 
few minutes, without heating the bulb, 
as sufficient heat was retained by 


the 
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cylinder to fire the charge. A two-stage 
air compressor was supplied with the 
engine and the air-tank pressure was 
usually pumped up to 500 or 600 pounds 
per square inch, so that there would al- 
ways be plenty of air for starting even 
if some leaked out over night. As I50 
pounds was sufficient to start the engine, 
this high pressure was unnecessary, but 
it was the practice to carry it. 

One morning, after the engine had been 
running about four hours on a fairly 
heavy load, the cylinder oiler became 
clogged, and as it could not be made to 
feed and there was no other way of oiling 
the piston, it was decided to stop the en- 
gine, fix the oiler and start again as 
quickly as possible. 

The engine was shut down, the oiler 
removed and cleaned, and quite a large 
quantity of kerosene was poured into the 
oil hole in the cylinder to clear the pis- 
ton. After turning the engine over a few 
times, the oiler was screwed on, the en- 
gine supposedly set in the proper position 
for starting, and the starter valve opened. 

Though I was standing quite close to 
the engine, I am not altogether clear as 
to the exact movements performed by the 
various parts in the next few hundredths 
of a second, but I know that the air was 
full of noise and pieces of iron, and when 
the dust cleared the cylinder and half 
the bed were lying on the floor, upside 
down and wrong end to, at one end of 
the foundation, while the piston and con- 
necting-rod had described a flying semi- 
circle, with the crank-pin as center, and 
landed on the floor at the other end. 

Two men who were standing almost as 
close to the engine as I was declare that 
they heard no noise, but people outside 
said that the report was like a cannon 
shot. Fortunately no one was in direct 
line with any of the moving pieces, and 
the injuries were nothing more serious 
than a few bruises. 

Now, as to the causes: The oiler 
clogged and the engine had to be stopped; 
kerosene poured into the oil hole worked 
back into the combustion chamber; the 
heat of the cylinder vaporized the kero- 
sene and a fine rich mixture was formed; 
in the rush to get the engine started 
quickly the crank was set too close to 
the center; the cylinder was not hot 
enough to fire the vapor inside under 
ordinary pressure, but when 600 pounds 
of air was turned into the cylinder the 
mixture fired and the pressure rose to, 
probably, 1500 pounds. 

Something had to move, and quickly. 
The weakest link was that part of the 
bed about midway between the bearings 
and the cylinder. It parted there and the 
rear half, still bolted to the cylinder, 
turned a very neat and lively somersault. 

It will be seen that if any one of the 
five events had not occurred no accident 
would have happened. If the crank had 
not been set too close to the center the 
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piston would have started to move out 
long before the pressure in the cylinder 
had risen to the danger point. If the 
kerosene had not been used, if the engine 
had not been so hot, if the air pressure 
had been lower, no accident would have 
happened. 

There was very little damage done ex- 
<ept to the bed itself. The cylinder, pis- 
ton, connecting-rod and shaft were not 
damaged. The fracture showed a clean 
break in good metal, which was apparent- 
ly strong enough for its calculated strains. 
Since the accident the instructions are 
that no engine is to be started when hot 
with more than 200 pounds of air, and a 
special caution is added to see that the 
crank is set well past the center. 

It may be noted that under these cir- 
cumstances the air pressure in the engine 
cylinder probably does not rise to over 
100 pounds, as the pipe carrying the air 
is comparatively small and the volume of 
the cylinder increases very rapidly when 
the piston begins to move. 

H. Appison JOHNSTON. 

Toronto, Can. 





Solution of Problem in Trans- 


former Connections 





The solution of my problem in trans- 
former-coil connections on page 875 of 
the December number is as follows: 

The secondaries of the two transfor- 
mers are identified in the sketch by the 
figures r and 2. The single-pole double- 
throw switches may be located as shown, 
when in order to connect either trans- 
former to the external circuit, to deliver 
110 volts, it is only necessary to close 
either switch to the right; and closing 
both switches to the right gives the par- 
allel connection. By closing both switches 
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SOLUTION OF PROBLEM IN TRANSFORMER- 


COIL CONNECTION 

in the left-hand position, the series con- 
nection delivering 220 volts is made. The 
+ and — signs on each end of the coils 
in the diagram represent the instantane 
us polarities of the current in order that 
the proper inter-polarity may be traced. 
lhe connection is simply a series-parallel 
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connection using two switches instead of 
one. 
E. S. LINcoLn. 
Boston, Mass. 


Herewith is a sketch showing one solu- 
tion of Mr. Lincoln’s problem in trans- 
former-coil connections. Two _ single- 
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double-throw switches are used. 
With both switches closed upward, the 
transformers are in series; with both 
closed downward, the transformers are 
in parallel. Closing either switch down- 
ward connects a single transformer. 
FRANK W. CERNY. 


pole 


Mesa, Arizona. 


A solution of E. S. Lincoln’s problem 
in transformer-coil connections is shown 

















in the accompanying sketch. Use two 
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MR. BRAND'S SOLUTION OF PROBLEM IN 
TRANSFORMER CONNECTIONS 


single-pole double-throw knife switches, 
and connect as shown. When the switch 
AA is closed the coils are in series; 
when AA and BB are closed the coils are 
in parallel; when only A and B are 
closed, one coil is furnishing current to 
the line. 
H. B. Branp. 
Brooklyn, N. Y. 





Vertical and Horizontal Gas 
Engines 


In an editorial in the October number, 
on “The Vertical Gas Engine,” reference 
is made to a statement by an “engineer of 
wide experience,” relating to the existence 
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of problems to be solved in the vertical 
gas engine which did not exist in the 
horizontal gas engine. Such a statement 
is undoubtedly correct enough in itself, 
but the engineer in question failed to carry 
his argument to completion. He should 
have added, “and vice versa.” 

Concerning the truth of the statement 
that almost every gas-engine designer 
considers it impossible to build large ver- 
tical gas engines, there is certainly. much 
doubt, excepting, possibly, among those de- 
signers for firms whose whole stock in 
trade consists of horizontal gas engines 
and who make that statement for busi- 
ness reasons. 

The towering and difficult dismantling 
qualities of a vertical double-acting tan- 
dem gas engine are good and sufficient 
reasons why such a construction would be 
most impractical. But why not assume a 
horizontal gas engine with the crank-shaft 
set up on end, or a cross-connected two- 
cylinder horizontal engine with the two 
cylinders superimposed, with their con- 
tained faults, as a counter-illustration of 
the impracticabilities of the horizontal 
type? One illustration is as fair as the 
other. 

Of course, such arrangements of either 
the horizontal or the vertical type are not 
the most advantageous or practical, but 
why consider the obviously impractical ar 
rangements when we have actual experi 
ence in both types to help us in selecting 
more rational ones? 

Considering the subject as a purely me- 
chanical problem and omitting all consid- 
eration of suitability for the field in which 
the engine is to be placed, there should be 
no real reason why an able designer could 
not make a definite, proposed unit either 
vertical or horizontal. 

Past accomplishments have amply 
proved that no result is impossible of at 
tainment to an ingenious person who is 
determined enough and persistent to the 
end in thoroughly studying the conditions 
and circumstances attending the case in 
hand, so long as he does not run counter 
to natural laws. 

Also, past accomplishments have proved 
that proper cylinder lubrication, equable 
cylinder cooling, and practically perfect 
manageability of valve and other gears, 
are certainly no more impossible in the 
vertical gas engine than in the horizontal 
type. In fact, if one should make a 
close investigation of gas engines now on 
the market, he might easily discover a 
considerable number of makes of horizon- 
tal engines which do not embrace a very 
creditable system for overcoming either 
or several of these important function- 
ings, and possibly a few of the vertical 
type which are admirable in these respects. 

If a vertical gas engine should be so 
impossible, mechanically, as compared to 
the horizontal gas engine, why should not 
the vertical steam engine bear the same 
relation to the horizontal steam engine, 
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even though the theories and conditions 
of gas and steam engines do not follow 
anything like the same lines? 

Yet, how many of the ocean steam- 
ships, not only of today but even those of 
forty years and more ago, are or have 
been driven by horizontal engines in pref- 
erence to the vertical type? Was the hori- 
zontal engine accepted in that field because 
the vertical engine was impossible? To be 
sure, the difficulties attending the design 
of the vertical type were greater, but the 
vertical type was necessarily the type se- 
lected because it suited the conditions bet- 
ter. 

Today we find the vertical type of steam 
engine, in different forms, used in innu- 
merable fields, varying in size from a few 
horse-power to 30,000 horse-power and 
more. 

Was their design an impossibility and 
have they proved a failure? 

Though the whole theory of the gas 
engine is vastly different from the theory 
of the steam engine, gas engines are not 
so vastly different mechanically, and cer- 
tainly no impossibility along rational lines 
can present itself to a really capable and 
ingenious designer of the vertical type of 
gas engine. But whether the vertical or 
the horizontal type should be chosen for a 
definite, proposed installation should first 
be determined by a thorough investigation 
and conservative consideration of all pos- 
sible circumstances and conditions at- 
tending the case in hand, This procedure 
should be gone through with, whether an 
installation is to be of one or more large 
or small units, although more often it is 
decided by a personal whim, or by the fact 
that the contracting party manufactures 
only the one or the other type of engine. 

Suppose, for instance, a gas engine was 
to be designed for a large municipal 
pumping plant or a surface pumping plant 
for a mine, where space is not limited in 
any direction, where only a fair degree of 
speed regulation is required, and where 
low first cost, highest degree of fuel 
economy, lowest repair bills and cost of 
attendance are far above all other consid- 
erations. Then by all means a gas en- 
gine should derive its power from one 
large single-acting, long-stroke cylinder, 
with a long connecting-rod and the “hit 
and miss” type of governor gear. 

The single-cylinder engine, although all 
the parts are large, will be considerably 
cheaper in first cost and repair than any 
multiple-cylinder engine of the same 
horse-power, and a single cylinder, hand- 
ling the gases in the largest possible quan- 
tities, will be more economical in fuel 
consumption, not only because of the 
smaller proportion of water-jacketed sur- 
face to cylinder volume, but because it is 
possible to handle the gases more correct- 
ly, especially in the accurate setting of the 
cams and valves, so preventing to a great- 
er degree the more or less important 
losses at the beginning and ending of each 
suction, compression, expanding and ex- 
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haust stroke. With two igniters firing 
simultaneously, if the cylinder be relatively 
large the difficulties resulting from slow- 
ness of flame travel will be largely over- 
come. With such an engine in view it 
would be folly to design any other than 
a horizontal engine. The very great 
stresses due to the difficulty of balancing 
perfectly the reciprocating parts in both 
longitudinal and transverse directions, 
and the great length necessary between 
the cylinder-head and 
would make this engine most unsatisfac- 
tory as a vertical engine, with its high 
center of gravity. 

Should the engine be required to run a 
dynamo for street lighting in a fair-sized 
town, in which case the somewhat finer 
degree of speed regulation required will 
allow of a very slight reduction of fuel 
economy, slightly increased first cost and 
repair account (also where space is 
somewhat more valuable), then make this 
engine a single-cylinder “double-acting” 
horizontal engine keeping all other fea- 
tures as before. There is now sufficient 
actual experience to be guided by in the 
double-acting engine to insure the suc- 
cess of a proposed unit of this type. 

However, in a single-cylinder double- 
acting gas engine the impulses will not 
occur at equal intervals; therefore, if in 
the latter case floor space is plentiful and 
it is desired to include the lighting of 
dwellings, stores, theaters, etc., among the 
requirements of the plant, then a still bet- 
ter degree of speed regulation can be ob- 
tained by making the engine a two-cylin- 
der-opposed single-acting horizontal en- 
gine, which with cranks set at 180 degrees 
is the best known arrangement for an en- 
gine having the fewest possible number of 
cylinders that will give practically a-com- 
plete absence of vibration and _ evenly 
timed impulses. This engine should al- 
low of the same degree of fuel economy 
as in the second case, and about the same 
first cost and repair expense. 

For rolling-mill engines, or where the 
highest quality of electric lighting is re- 
quired and where available space is fair- 
ly plentiful, first cost, absolute fuel econo- 
my, etc., must give way slightly to the 
best possible speed regulation at extreme- 
ly variable loads, and in this case a two- 
cylinder, double-acting, tandem horizontal 
engine would probably be the most fitting 
arrangement, except, perhaps, that where 
available space and capital will permit, two 
such units cross-connected would be pref- 
erable. 

This, however, is where the advantages 
of the multi-cylinder vertical engine, par- 
ticularly of the double-acting type, should 
be allowed to assert themselves. The first 
cost and required floor space for a cross- 
connected pair of two-cylinder, tandem, 
double-acting, horizontal engines would 
very greatly exceed the first cost and re- 
quired floor space of 4 four-cylinder, 
double-acting vertical engine, with a 
four-throw crank-shaft and with cylin- 


the crank-shaft, 
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ders placed side by side, designed on the 
open crank-case plan with the cylinders 
mounted on stanchions or cast columns. 
The mechanical balance of the latter en- 
gine would be much better and the even 
torque and fineness of speed regulation 
would be exactly the same in both cases. 
Also, the proximity of all valves, cam- 
gear, and ignition rigging in the vertical 
type is a distinct advantage for constant 
and rapid inspection and adjustment, as 
compared to the scattered arrangement of 
like parts in the horizontal type, not to 
mention the advantages of lighter parts 
and the smaller foundations required by 
the vertical type. 

Except for the relatively small powers, 
the designs for vertical engines, whether 
of the single or double-acting type, should 
begin with units containing not less than 
three cylinders; as a complete mechanical 
balance cannot be obtained with fewer 
cylinders, nor will the evenness of torque 
be suitable for anything other than the 
roughest kind of work. 

In many fields available space and al- 
lowable weight of installations are re- 
stricted to the last possible fraction for 
the horse-power required, and the engine 
must run almost constantly at full load, 
night and day, for weeks at a time; and, 
of course, under such conditions all mov- 
ing parts must be so placed that they may 
be seen and inspected at any time from 
almost any point in the engine room. 

Such are the conditions aboard -sea-go 
ing ships and particularly on high-speed 
vessels, such as torpedo boats and dis- 
patch boats; in which field the multi-cylin- 
der, double-acting vertical gas engine— 
the only type of gas engine possible under 
the conditions—has already substantially 
secured a footing. 

In the high-speed boats, where space 
and weight are most restricted, where all 
possible horse-power must be crowded in, 
where highest ‘efficiency in fuel consump- 
tion can be sacrificed and first cost is no 
object, the engine to be used is prefer 
ably a six-cylinder, double-acting, self- 
starting and self-reversing vertical engine, 
of the open crank-case or stanchion type. 
with large bore, short stroke and short 
connecting-rods, with hollow, water-cooled 
crank-shaft, double igniters firing simul- 
taneously in each of the cylinders, all pis- 
tons and piston-rods water-cooled, all 
valves water-cooled, and of the balanced 
type and with throttle control—no govern 
or being necessary. 

This type of vertical engine, among 
others, has proven remarkably successful in 
the proper field, and such are already reg 
ular productions of one purely American 
concern, the Standard Motor Construc 
tion Company, of Jersey City, which con 
cern has amply proved that the large ver 
tical gas engine is in no sense an impossi 
ble or impractical construction, and that 
proper cylinder lubrication, equable cylin 
der cooling, manageability of valve and 
other gears, and all internal functioning 
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are as possible as, if not even more prac- 
tical than, the horizontal type of gas en- 
gine. 

Actual records will show that not only 
is the large vertical gas engine very pos- 
ible, but that it has already been produced 
n as matured a stage as any other type 
of prime mover known to the world to 
day. 

ALBERT H, ZIEGLER. 

Jersey City, N. J. 





The editorial, “The Vertical Gas En- 
gine,” is of unusual interest, inasmuch as 
it has a tendency to open the door to 
comment by engineers engaged directly 
in the design, construction and operation 


of various types of gas engine, who might | 


not think of coming forward with ideas 
without a prelude of this nature; in oth- 
er words, it is nice to have someone else 
“break the news” or start the discussion. 
My experience has been more with the 
vertical than the horizontal engine, per- 
haps on account of designing marine en- 
gines of all sizes, but I have always sided 
with the vertical type, as it appears to me 
to be the ideal of mechanical construc- 
tion in a reciprocating engine. 

It is impossible to call a machine or en- 
gine perfect, or absolutely standard, in 
the true sense, as all designs and con- 
structions are matters of opinion and 
choice, and when we come back to gas- 
engine types we are so near the begin- 
ning that the type, number, or angle of 
cylinders, etc., is after all only a matter 
of choice. 

As to the impracticability of a vertical 
gas engine, such a statement is absurd, 
and if a designer is original and can see 
the end at the beginning, he will not heed 
such advice, and it is only a question of a 
manufacturer offering a vertical engine 
of substantial design and construction, one 
that will show the full economy, regula- 
tion, etc., which can ever settle the ques- 
tion as to their practicability. My opinion 
is that the future will see large vertical 
gas engines of the two-cycle type, with 
open-base for accessibility, direct-con- 
nected to generators. 

Of course, it is natural for manufac- 
turers to “let well enough alone,” and 
continue producing an old type, but it is 
also natural that a few will “reach out” 
for something better and _ eventually 
bring about a different conventional type, 
and those who do so will be deserving of 
-redit. 

The advantages of the vertical engine 
ire: Small floor space; self-contained 
construction, therefore’ less foundation 


ind non-liability of disalinement ; capabil- 
ity of multiplicity of cylinders without 
greatly increasing floor space; weight of 
piston or slides not carried in sliding fric- 
ion horizontally; better lubrication of pis- 
on, because of floating tendency, and the 
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more natural setting of 
bearings. 

The one advantage of the horizontal 
type lies in the matter of the cylinders 
being near the floor for removal, but for 
large power even here a crane is used 
which would handle the vertical parts as 
well. For unclean gas the two-cycle en- 
gine has the advantage of dispensing with 
the exhaust valve, which is of extreme im- 
portance, and when makers commence to 
realize the possibilities of the two-cycle 
engine, especially the vertic 1 type, we will 
no doubt see wonderful improvements 
therein. 


shaft-journal 


Two Cycte. 
Oshkosh, Wis. 





** Renewing Tubes in a Horizon- 


tal Tubular Boiler ”’ 





I read with considerable interest J. E. 
Sexton’s article, on page 816 of the De- 
cember number, on “Renewing Tubes in 
a Horizontal Tubular Boiler.” He gets 
the tubes out O. K., but he may get one 
in tight, or he may not, by his method. I 
have renewed many tubes in all kinds of 
boilers and never attempted to put one 
in until I had thoroughly annealed each 
end. The holes in some boilers are so 
large that if you were to try to roll a 
flue to fit them, without first annealing, 
you would be sure to split the tube. 
Furthermore, when it comes to beading 
the tube, it makes very much the best 
job if the tube has first been annealed. 
Mr. Sexton must have forgotten to men- 
tion the annealing of the tubes. 

Then again, Mr. Sexton might use a 
%x2-inch strip of pine and get his meas- 
urement right, by measuring after the 
tube was removed; but someone else, in 
trying the same method, will be sure to 
lay the stick on flat and thus make his 
tube too long. It is best to put the stick, 
or whatever is used, through the old 
tube before removing it and then the 
length will be just right. 

J. E. HinpMAN. 

Wilkinsburg, Penn. 





Hand-holes in Back Heads 





In the October number (page 707) “X” 
objects to a hand-hole in the back head 
of a boiler, but I can assure him that I 
would be very sorry if there were none 
in the two 40-horse-power boilers in our 
plant, on account of the way the blow-off 
is arranged. 

If the blow-off were to become choked 
with scale and mud during washing-out 
time some Sunday, boiler washing would 
be over for that day. There is a com- 
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plicated arrangement of pipe and fittings 
and I have to use a screen, which I made, 
to prevent scale from entering the blow- 
off pipes. 

I have never had any trouble with the 
hand-hole plate leaking. I use asbestos 
gaskets and apply a little pipe-joint com- 


‘pound. Then I screw the cover up tight, 


taking care, of course, not to overdo it. 


Joun P. MItter. 
Baltimore, Md. 





‘ Flue-gas Analysis ” 





Mr. Hay’s article on “Flue-gas Analy- 
sis,’ on page 671 of the October number, 
is good and to the point. I made a 
simple apparatus for analyzing flue gases 
in accordance with a description published 
in Power some time ago, calculated to show 
only the CO,, and when the sample came 
out it showed only 7 per cent. of COs. 
I therefore did not know much more 
about the flue .gases than I did before, 
and I completed the apparatus so that it 
would show the free oxygen. I have 
noticed that some people, in order to get 
a good percentage of CO; when using 
a stoker, run a good bit of the live coals 
into the ash hopper. As a matter of fact, 
when you get more than 12 or 13 per 
cent. of CO, out of slack coal you are 
losing more than you are gaining by try 
ing to keep down the excess oxygen. 

Ep. H. Lane. 

Kansas City, Mo. 





Safe Way to Warm Up a 
Boiler with Steam 


——_ 


On page 777 of the November num- 
ber “Inquirer” asks for a safe way of 
warming up a boiler with steam. It is 
a general practice in steamships to pipe 
a live-steam line to the bottom of all 
boilers, so that steam can be raised 
quickly, if necessary. This is a standard 
method throughout the United States 
Navy, and the writer has used it many 
times with no bad effect. Starting with 
as little water as is consistent with safe- 
ty, and with a moderate fire, the boiler 
will be generating steam before it be- 
comes too full. A two-inch line will be 
large enough for a 500-horse-power boiler. 
This method will be noisy, but there is 
nothing to fear. 

While we all know that heating a boil- 
er too soon is injurious, there are times 
when, as “Inquirer” says, it is very con- 


venient. A little study of the above 
method will show anyone its prac- 
ticability. 

H. A. Peary. 


Magdalena, Mex. 
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Large Gas Engines 


Notwithstanding the fact that the su- 
pericr heat efficiency of the gas engine is 
of less importance in this country than in 
Europe, because of the differences in la- 
Lor and fuel cost, the application of large 
gas engines appears to be growing rapidly. 
The three largest builders of such engines 
are filled up with orders, and, what is still 
more encouraging, they, as well as build- 
ers of smaller engines, are manifesting a 
wholesome convervatism in their claims 
and undertakings. 

Among the notable recent installations 
of large gas engines is the equipment of 
the San Mateo station, partly described in 
this issue. The results obtained with these 
mammoth machines not only reflect credit 
upon the builders but they afford cause for 
rejoicing by all broad-minded gas-engine 
advocates. A notable success by any one 
builder tends to dispel the cloud of dis- 
trust and skepticism raised by the irra- 
tional experimentation and reckless selling 
tactics which have handicapped the gas- 
engine industry heretofore, and thereby ad- 
vances the common interests of all other 
conscientious builders. 

Everyone concerned in gas power will 
doubtless follow up the performance of the 
California engines with close attention; 
aside from their unusual capacity and 
operating conditions, these engines are of 
special interest because of the departure 
from European precedent, in the matter of 
valve location, which they embody. Those 
who have followed the development of 
large gas engines are familiar with the 
arguments in favor of locating the inlet 
and exhaust valves at the opposite ends of 
the vertical diameter of the cylinder-head. 
Notwithstanding these arguments, the 
builders of the California engines pin their 
faith to the lateral valve chamber and ap- 
parently justify it by previous experience 
with this construction in smaller units. Ac- 
cording to this experience, any particles of 
foreign matter or unburned carbon are 
blown out with the exhaust, provided the 
cylinder is not lubricated so excessively as 
to keep the walls of the combustion cham- 
ber coated with oil. This argument ap- 
pears to be vindicated, too, by the satis- 
factory performance of vertical engines, 
from the cylinders of which the discharge 
of particles of objectionable matter can- 
not possibly be effected or assisted by 
gravity. However, only practical experi- 
ence extending over a number of years can 
positively decide a question of this kind. 

Since the California engines were built 
many other large units have been installed 
or ordered. One of these, at the McKees- 
port plant of the National Tube Company, 
is doing good work on blast-furnace gas; 
we shall print a description of it next 
week. Another big unit at Bessemer, 
which was started up about a year ago, is 
making an excellent showing, and the 
Gary plant of the Illinois Steel Company is 
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being equipped with an enormous capacity 
of big engines. Altogether, the prospect 
appears to be good for either the elevation 
of the gas engine to that plane of de- 
pendability which we have been yearning 
to see established, or the demonstration 
that American conditions are insuperably 
opposed to such a development; the latter 
we still refuse to believe true. 





The Gas-engine Supplement 


With this number of Power is pre- 
sented a supplement containing the first 
part of an elementary explanation of 
the principles of gas-engine operation 
and construction. It was intended origi- 
nally to cover the complete discus- 
sion in a single supplement, but the 
subject is relatively so unfamiliar to the 
average operating engineer that it was 
thought best -10t to condense the treatment 
to the extent that would have been re- 
quired in order to get it all in one sup- 
plement. The present section includes the 
cycles; the pressures and temperatures of 
compression, combustion and exhaust; cyl- 
inder cooling, and valve-gear. In a sec 
ond supplement, next week, will be taken 
up ignition, fuel- and air-mixing devices 
and governing; the issue of January 28 
will be accompanied by a third supple- 
ment, concluding the series. With the 
exception of one chapter, written for the 
benefit of those who have an aptness and 
liking for figures and formulas, the entire 
treatment is non-mathematical, and those 
who wish to skip the algebraic analysis 
cf the gas-engine cycle can do so without 
impairing the practical, instructive value 
of the material. The mathematics are 
simple, however, and can be easily fol- - 
lowed by anyone of a studious turn of 
mind having a purely elementary knowl- 
edge of algebra. 





The Best Is the Cheapest in the 
End 


The duties of engineer and fireman are 
not as well understood by employers as 
they ought to be, and too many of the 
latter seem to think everything is O. K. 
as long as their plants are kept running. 
An engineer or fireman who receives re- 
spectable wages (or any other employee, 
for that matter), so that he feels satisfied 
with his position, may be relied upon 
to save more for his employers, by intel- 
ligently practicing economy, than an un 
derpaid employee would be likely to do. 
Employers who have made a study of 
these things, and put them into practice, 
invariably report that the difference be 
tween the saving effected in a year by a 
man who knows how to handle a scoop 
and burn coal and an indifferent or low- 
priced fireman is almost astounding. 
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If steam users would only realize for a 
moment that when they buy cheaply— 
especially labor—they are paying dearly! 





Overload Capacity 


Prominent among the disadvantages 
with which gas and oil engines are 


charged is the lack of overload capacity, 
or, more accurately, the lack of ability to 
carry much load in excess of that at which 
the engine operates with maximum econ- 
omy. This is recognized as a real dis- 
advantage in service involving heavy mo- 
mentary overloads which 
avoided or smoothed down, but such 
classes of service are rare. An electric- 
railway load is prone to violent fluctua- 
tions, but it was long ago found practical 
in steam plants to smooth out these fluc- 
tuations by means of a storage battery, 
and also found expedient to do so, not- 
withstanding the ability of steam boilers 
and engines to carry huge brief overloads 
without immediate distress. As a matter 
of fact, large overload capacity is not an 
unmixed blessing. Machinery designed to 
withstand “momentary” overloads is near- 
ly always made to labor along under 
hourly, daily and weekly overloads. We 
know of several plants in which gas en- 
gines were installed under specifications 
calling for considerable “overload capa- 
city” and these engines are being operated 
regularly with loads ranging from ten to 
forty per cent. above their ratings. This 
means merely that the engine builders 
were bulldozed into underrating their en- 
gines. An engine that will carry six 
hundred horse-power continuously is a 
six-hundred-horse-power engine, no mat- 
ter how rated, and the purchaser should 
pay for it as such. 

In another case which comes to mind, 
an equipment of single-eccentric Corliss- 
type steam engines driving electric gen- 
erators is regarded with disgust by the 
management because the engines cannot 
cut off late enough to keep the voltage 
quite up to standard during a three-hour 
daily “peak” load. The generators, which 
are splendid machines, are also criticized 
for sparking slightly at the brushes dur- 
ing this period, when they have to carry 
about 30 per cent. of excess load. This 
sort of maltreatment is the common lot 
of all machinery which has any contin- 
uous overload capacity, from the small 
shunt-wound electric motor up to the 
mammoth Manhattan-type steam engine. 

However, to return to the initial argu- 
ment, it has been demonstrated by ac- 
tual performance that a gas engine can 
easily be built to run economically at 
seventy-five to eighty per cent. of its ul- 
timate break-down load, and such an en- 
<ine designed to carry regularly such frac- 
tional parts of its ultimate load and to 

and the maximum allowable load for an 


cannot be 
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hour or so at a time has a legitimate “over- 
load” capacity of tweuty-five to thirty- 
three per cent. If we were building gas 
engines we should decline to build one 
massive enough to stand any such “over- 
loads” as a steady diet. 





To Drive Ships with Zinc 


the 
George B. 
bobbed up. 


According to Platteville (Iowa) 
Pennock has again 
Pennock is the genius who, 
some twenty years ago, exploited a pri- 
niary battery scheme for residential light- 
ing, and followed this fizzle with a “volt- 
age multiplier” for 
were made. 


News, 


which absurd claims 
If the newspaper item before 
us is accurate, Pennock’s old game of sub- 
stituting zinc, worth thirty-five cents a 
pound, for coal worth one-sixth of a cent 
per pound, and thereby cheapening the cost 
of power production, is to be revived—in 
obscure whither 

“fame” has not penetrated. 


covered 


towns his erstwhile 
He has dis- 
that sea-water is an elec- 


trolyte and, according to the aforesaid 


now 


News, proposes to run ocean-going ships 
by means of current produced by the gal- 
vanic action of sea-water between zinc and 
carbon electrodes! When it is considered 
that the consumption of one pound of 
zine, in a battery containing the most ac- 
tive known electrolyte and under the most 
favorable conditions, will yield about the 
same quantity of energy at the battery ter- 
minals that a pound of coal will develop in 
the cylinder of a steam engine, the idiocy 
of the proposition will be obvious. 





Trial of the Turbine Steamship 
** Creole” 


The “Creole” has been so often quoted 
as an awful example in discussions of the 
relative merits of steam turbines and re- 
ciprocating engines that a report of the 
builders’ trials submitted by Charles B. 
Edwards, associate member of the Amer- 
ican Society of Naval Engineers, to the 
journal of that society, will be read with 
interest. The vessel two 120-inch 
seven-stage Curtis marine turbines, rated 
at 4000 brake horse-power each. 

In order to keep the pressure in the 
shell as low as possible, the pressure dis- 
tribution is arranged so that one-fourth 
of the available energy of the steam is 
expended in the first stage, and one-eighth 
in each of the other stages. This requires 
the first-stage nozzle to be of the expand- 
ing type, but all of the other nozzles are 
of the parallel flow type. The runner of 
the first stage has four rows of moving 
buckets, while those of the succeeding 
stages have but three rows apiece. On 
the trial the brake horse-power of the 


has 


ied 


a 


port turbine was measured by a FOttinger 
torsion meter, and the steam flow by meas- 
uring the the condensation in calibrated 
tanks. The water rate per brake horse- 
power for the turbine alone was 16.06 
pounds as a minimum and ranged from 
that to 23.52. The conditions under which 
the lower consumption was obtained are 
as follows: Length of run, one-half hour; 
number of nozzles open, nine; 
chest pressure, absolute, 252.7; 
74.5; exhaust shell 
1.177; available energy, 
revolutions minute, 


steam- 
superheat, 
pressure, absolute, 
B.t.u., 360.5; 
per 250.8; brake 
horse-power, 3950. 





A New Use for Burning Salt 


“It is not always what a man gets, but 
what he thinks he gets, that makes him 
happy.” This remark is quite apropos of 
the position of the Department of Educa- 
tion of the City of New York on the ash- 
burning proposition. Someone watching 
the long yellow flames that arose from the 
salt-saturated mass of coal and ashes sup- 
posed that a fire of intense heat was rag- 
ing, while as a matter of fact the flame 
was only made visible by the fumes from 
the salt burning with the coal below. 
Without the salt the furnace would be 
equally hot, but the gases are not visible. 

A deep orange is the characteristic color 
of burning sodium, and this fact may be 
taken advantage of to determine the pres 
ence of salt in supposedly distilled water, 
as when testing the water from a surface 
condenser for leakage, where salt water is 
used as the cooling medium. If the end of 
a perfectly clean small wire is dipped into 
the water and then held in the flame of a 
bunsen burner, there will be no change in 
the flame if the water is pure. If, how- 
ever, there be merely a trace of salt in the 
water, a long orange flame will shoot up- 
ward from the wire, giving a positive in- 
dication of its presence. The flame is no 
hotter than the colorless gases that were 
present where there was no salt. 

At a trial of the ash-burning process, 
at which one of our representatives was 
present, a glowing mass of ashes and salt 
and coal apparently burned fiercely under 
a boiler for hours, but as no steam was 
drawn from the boiler and the safety 
valve did not lift, it was evident that not 
much heat was being given off. 

It is said that when this compound is 
used clinkers do not form and stick to the 
side of the furnace to the same extent as 
with a plain coal fire. It is the intense 
heat of the coal fire that melts the incom- 
bustible portion of the coal into a kind of 
slag that fuses to the softened fire-brick 
walls and makes the clinkers which stick 
so tenaciously. Without heat, clinkers will 
not form; it is therefore plain that if there 
are few clinkers there is little heat. 
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Power Plant Machinery and Appliances 


Original 
No 


Descriptions 
Manufacturers 


o f 


or 


Cuts 


Power 
Write-ups 


Devices 


Used 





MUST BE NEW OR 


The Bullard Automatic Wrench 





This wrench is made on the principle 
of the human hand. Fig. 1 shows how the 
power applied to the handle will be trans- 
mitted in a direction tangential to the 
pipe, with the twisting effect exerted by 


ward or forward—backward to get a new 
grip, just like a ratchet, forward by press- 
ing upward on the handle to release the 
jaws, an obvious convenience. 

The whole thickness of the bearing part 
of the outer jaw is extended around the 
bend and its width increased at this point, 
to insure strength. As the greatest stress 

















FIG. I. SHOWING PRINCIPLE OF THE BULLARD WRENCH 

















FIG. 2. 


one’s hand in turning a stick, setting up 
a torsional, instead of a crushing, strain. 
Fig. 2 shows an ordinary application of 
the wrench to a pipe overhead. 

With this tool there are no nuts or 
screws to be adjusted, but the jaws open 
automatically upon placing the nose of the 
outer jaw against the pipe and exerting 
a forward pressure. After the wrench is 
on the pipe it can be turned either back- 


ONE WAY OF USING THE BULLARD WRENCH 


comes on the inner jaw the teeth of that 
jaw are on a separate piece which can be 
readily removed, when worn, and re- 
placed. The spring shown serves to keep 
the jaws together when the wrench is 
turned bottom side up. As will be seen, 
the wrench comprises three separate 
levers, pivoted at the joints, with no slid- 
ing parts. 

But one hand is required to operate it 


INTERESTING 


and it works equally well on pipe, fit- 
tings and nuts, without the workman hav- 
ing to shift wrenches when working on 
Gifferent-sized fittings and connections. 
The jaws may be applied so they will not 
extend or lap beyond the pipe, when 
working close to the floor or ceiling, or 
in a corner. The wrench is a _ third 
shorter than an ordinary wrench of the 
same capacity, and is much lighter in 
weight. It is made in five different sizes, 
with capacities up to three inches, by the 
Bullard Automatic Wrench Company, 






















































































ILLUSTRATING APPLICATION OF PACKING 
FOR ROTARY STEMS 


Incorporated, 257 West Exchange street, 
Providence, R. I. 





Packing for Rotary Stems 





This invention is intended to obviat: 
certain disadvantages connected with th: 
use of the ordinary stuffing-box, in whic! 
it is desired to secure a tight joint 
against fluid pressure, between the wall: 
of a closed chamber and a rotary stem for 
operating a valve or other mechanis™ 
within the chamber. 
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The drawing on page 58 illustrates 
one arrangement for applying the packing 
to ordinary commercial globe valves, with- 
out altering the standard patterns from 
which they are cast. Except for the de- 
tails connected with the replacement of 
the stuffing-box, the figure is a direct trac- 
ing from a recent circular issued by the 
Crane Company, of Chicago, and shows a 
section of one of its No. 78 valves. 

The hand-wheel for operating is not 
fastened directly to the stem A that car- 
ries the valve, but to an auxiliary stem B, 
cast with a hollow C of square section 
running up some distance from the lower 
end. The upper end of the stem A is 
squared to match the hollow C and fitted 
to slide freely up and down within it 
while rotated. The joint between the ro- 
tary stem and the valve body is made 
tight against fluid pressure by means of a 
substantially solid flat washer D of suit- 








able material, pressed between the outside 
end of the valve bonnet E and a solid 
collar F made in one piece with the stem 
B. The parts of the joint are pressed to- 
gether by means of the cap G, which 
screws on the end of the valve bonnet. A 
lock-nut to prevent the cap from being 
unscrewed when the stem is rotated has 
not always been found necessary, but is 
preferable to dependence on a tight-fitting 
thread. Friction between the collar on the 
stem and the surface of the cap that 
presses against it may be reduced by sepa- 
rating the rubbing surfaces by a suitable 
washer H, or by the use of ball bearings. 
The joints between the packing washer D 
and the parts E and F are best made by 
providing each of these parts with one 
or more annular ridges J and J, concentric 
with the axis of rotation, which bear upon 
the washer from opposite sides. One of 
the sliding joints between the packing 
washer and the ridges may be replaced by 


POWER 







a fixed joint, made either by forcing the 
washer into an annular groove in either 
the collar F or the valve bonnet, or by 
cementing against the metal; but the ar- 
rangement represented in the illustration 
is easier to make and facilitates the re- 
placement of the washer when worn out. 
It is claimed that this method of packing 
a rotating stem possesses the following ad- 
vantages: 

1. The pressure employed to tighten the 
joint is applied at right angles to the 
slipping surfaces, so that the pressure with 
which these surfaces.bear against each 
other can be readily adjusted. 

2. Making the surfaces bearing against 
the packing washer in the form of 
rounded annular ridges secures a very 
tight joint; the inventor states that even 
when confining a gas at a pressure of sev- 
eral thousand pounds per square inch leak- 
age is completely prevented, although the 










DETAILS OF RISLEY’S DEFLECTING REAR ARCH 


stem can be turned without the slightest 
difficulty. 

3. There are only two joints across 
which a leak can take place, and these can 
be reduced to one if desirable. 

4. This form of packing is very easily 
and quickly renewed when worn out. 

5. With the use of ball bearings or a 
proper anti-friction washer no lubrication 
is necessary, allowing such a joint to be 
used where lubrication would be impos- 
sible or undesirable. If desired, oil or 
other lubricant can easily be introduced to 
all rubbing surfaces between the stem and 
the clamping-nut G without disturbing the 
joint. 

6. The simplicity and ease of construc- 
tion enable such a joint to be made 
cheaply. 

The inventor of this method is Arthur 
W. Gray, of the University of California, 
Berkeley, Cal., who has tried it out in lab- 
oratory work, as he states, successfully. 
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Risley’s Deflecting Rear Arch 


This arch was designed to deflect and 
equally distribute the products of combus- 
tion so that the upper and lower rows of 
boiler tubes will be heated uniformly. It 
is also aimed to provide an arch which, 
while of requisite strength, may be readily 
removed, section by section, to allow easy 
access to the tubes. 

In reality it is a double arch, the upper 
portion comprising a number of blocks of 
fire-clay or other suitable material, laid 
on flanged arch-bars of compound curva 
ture, the bottom faces of the blocks being 
curved to fit the bars. These arch-bars, 
which are preferably of cast iron, have 
vertical webs which project upward be 
tween the blocks, marking the division of 
the sections, with horizontal flanges on 
each side of the web. The perforations 
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shown in the webs and the notches in 
the flanges have been provided to allow 
for expansion and contraction. 

The lower ends of the arch-bars are 
provided with inverted L-shaped flanges 
designed to seat upon the upper edge of 
the rear wall of the setting. The hooked 
portion of the upper end of the bar en- 
gages a horizontal rod which depends by 
means of hangers from a supporting beam 
extended across the setting at the rear of 
the boiler. 

If there is a man-hole in the rear boiler- 
head, the upper end of the arch-bar will 
be provided with a right ingular head, 
instead of a hook, which head will en- 
gage, and the bar be supported by, an 
angle-iron bar attached to the head of 
the boiler. 

This deflecting rear arch was invented 
by Charles B. Risley and is handled by the 
Risley- Moser Company, of Princeton, Ind. 
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Bruce-Meriam- Abbott Gas Engine 


The accompanying engravings illustrate 
the type of gas engine built by the Bruce- 
Meriam-Abbott Company, Cleveland, 
Ohio. The vertical section, Fig. 1, shows 
so clearly the general features of construc- 
tion that no description is necessary. The 
inlet-valve cage (on the left) is that used 














FIG. 2. INLET VALVE OF PRODUCER-GAS 
ENGINE 


on natural-gas engines. Fig. 2 shows the 
arrangement used on producer-gas_ en- 
gines. The air and gas are not mixed 
until they reach the inlet valve, and the 
latter is so constructed that it admits air 
alone to the cylinder slightly before the 
gas is admitted. The object of this is 
to sweep the burned gases from the pre- 
vious combustion out of the way of the 
incoming iresh charge and thereby pre- 
vent back-fring. 

The valve-gear is unusually compact. 
The cam-shaft is mounted in a frame on 
top of the cylinders, as indicated in Figs. 
1 and 4, and this frame, with the cam- 
shaft and rocker-arms, can be removed 
in a few moments by taking out four cap- 
bolts. This group of parts is shown in 
Fig. 3. The cam-shaft is driven through 
bevel gears by the vertical transmission 
shaft, shown in Fig. 1, on which the gov- 
ernor is mounted. The cam-shaft carries 
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FIG. 4. 


SHOWING IGNITION TIMER AND VALVE-GEAR 


























FIG. 3. THE VALVE-GEAR 


the ignition timer on its extreme end, as 
indicated in Fig. 4, ignition being effected 
by the electric jump-spark system. 

Speed regulation is effected by means of 
a throttling fly-ball governor. In the pro- 
ducer-gas engine there are throttle valves 
in both the gas and air intake pipes, under 
control of the governor. This obviates 
the necessity of mixing the gas and air 
before they reach the main inlet valve, 














FIG. 


I. BRUCE-MERIAM-ABBOTT GAS ENGINE 
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and also affords opportunity to adjust the 
proportion of air to gas automatically to 
suit the load, if that should be found ad- 
visable. The engines are built in two- 
cylinder units up to 100 horse-power for 
producer gas or 125 horse-power for 
natural gas. For larger outputs two two- 
cylinder units are coupled together. 





A New Engine Valve 


Prominent among the desirable features 
claimed for the new form of engine valve 
illustrated herewith are the double admis- 
sion and exhaust ports, a design intended 
te afford unusual freedom of steam 
action, with exceptionally short valve 
travel, “the valve being practically bal- 
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FIG. 4 


anced between the two steam pressures. 
It is also pointed out that the net steam- 
chest pressure tending to hold the valve 
to its seat will always be the same, per- 
mitting the valve to follow up its own 
wear, so to speak, and maintain a tight 
for equalizing 


seat. The passages the 








FIG. 5. 


INDICATOR DIAGRAMS FROM 


POWER 


pressure on both sides of the valve are 
rot shown, however. 


























Fig. 1 is a plan view of the valve face, 
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and Fig. 2 is a horizontal section through 
the valve and cylinder, showing the steam 
being admitted to the piston of the engine, 
the double admission and double exhaust 
passages being clearly indicated by means 





/ 


; ‘eo Vi ‘a La El 
ep NEP SSO 2 


r Exhaust{ ' \ 
‘ by Om . ” ia -~ 
, Pipe D\~ / : 
7 \7 


enw 


61 


The new valve and cylinder were re 
cently attached to a 7%4xI0 traction en- 
gine for trial, the indicator diagrams in 
Fig. 5 showing the result. The reverse 
motion on this type of engine can only 
be operated at a fixed cut-off, therefore 
the diagrams the same cut-off. 
The valve travel was 13% inches; steam 
lap, 3% inch; exhaust lap, % inch; size 
of steam pipe, 1% inches; exhaust nozzle, 
1% inches. It is stated that the diagrams 
shown in Fig. 5 were not the best that 
the having mis- 


show 


taken, best 
placed. 

This valve is 
Dutcher, P. ©. 


were been 


invention of R. L 
182, Spokane, Wash 
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\ir leakage through boiler settings 1s 


a common cause of low efficiency, not 


only in the case of water-tube boilers, 


but also in shell boilers of every type ex 


cepting the wet-back marine. Asbestos. 
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of the arrows. Fig. 3 is a plan view of 
the valve seat, the dotted lines indicating 
the channels leading to the steam and 
exhaust pipes, also the ports leading to 
the cylinder ends. Fig. 4 is an end view 
of the cylinder, showing also the steam 
and exhaust passages. 
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7Y%4X10 TRACTION ENGINE 


rope is a most useful draft stopper when 
either built in between the brickwork and 
the boiler, or calked lightly in afterward. 
It is sufficiently elastic to allow the boiler 
to expand when hot without moving the 
brickwork. Cracks in 
promptly stopped 


walls should be 
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ELEMENTARY PRINCIPLES 


THE WoRKING MEDIUM 


Gas and oil engines differ from other forms of heat 
engine chiefly in that the pressure which gives the en- 
gine its power is produced within the cylinder by the 


combustion of the gas or oil. For the operation of 


all other heat engines the working medium (steam, 
hot air, etc.) is raised to a pressure much higher than 
that of the atmosphere before it is delivered into the 
cylinder ; after entering the cylinder, the working me- 
dium is expanded to a low pressure, the expansion 
driving the piston forward. The working medium of 
the gas or oil engine is delivered to the cylinder at 
about atmospheric pressure and there ignited ; the rise 
of temperature produced by the combustion causes a 
corresponding rise of pressure and the high-pressure 
gases are then expanded behind the piston in the same 
manner that steam expands in a 
der, and with similar results. 

In order to burn anything, no matter how inflam- 
mable it may be, it is necessary for oxygen to be 
brought into contact with the substance to be burned, 
because combustion is nothing more than the union 
of oxygen particles with the combustible particles of 
the substance “‘burned,’”’ under the influence of heat. 
Air, which consists of oxygen and nitrogen, is the 
only free source of oxygen and is therefore universally 
used to supply the oxygen required for combustion of 
any kind. Hence, the gas or oil used as fuel in an 
engine is always mixed with air either immediately 
before it enters the engine cylinder or immediately 
afterward. The proportion of air to gas or to oil is 
of great practical importance; if too little air is sup- 
plied, combustion is slow and incomplete, and if the 
proportion of air is too large, the inflammability of 
the mixture is reduced and combustion is retarded. 


steam-engine cylin- 
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Again, it is important that the mixing of the air and 
gas should be thorough; otherwise, some of the gas 
or oil will either not be burned at all or will burn too 
late to do much good in the way of producing pressure 
behind the piston. 

Gas and oil burn quietly in the open air chiefly be- 
cause the gases produced by the combustion can ex- 
pand as rapidly as they are formed, having the whole 
universe into which to expand and being restrained 
only by the moderate pressure of the atmosphere. 
Moreover, the atoms of gas or oil are not mixed inti- 
mately with the atoms of oxygen in the air before 
burning begins, so that the combustion is very grad- 
ual. When gas and air or oil vapor and air are thor- 
oughly mixed and highly compressed in a closed ves 
sel, however, igniting the mixture will produce almost 
instantaneous combustion of the whole mass, resulting 
in a sudden rise of temperature and pressure amount- 
ing practically to an explosion. This is what hap- 
pens in the cylinder of a gas or oil engine when con- 
ditions are right. The explosion of the mixture oc- 
curs when the piston is at one end of its travel, the 
mixture being compressed in the clearance space be- 
tween the piston and the near cylinder head; and as 
soon as the crank passes the dead center, the burned 
and burning gases expand, forcing the piston away 
from the end of the cylinder. At the end of that 
stroke, the spent gases are exhausted into the atmos- 
phere, just like the expanded 
condensing steam-engine cylinder. 


steam in a non- 


THE FOUR-STROKE CYCLE 


There are two general classes of gas and oil en- 
gines; one works on the four-stroke cycle and the 
other on the two-stroke cycle. All small engines of 
both classes are single-acting: the piston is commonly 
of the trunk type, as illustrated in Fig. 1, and the 
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combustion of fuel occurs in one end only of the cyl- 
inder. The four-stroke cycle is more widely used 
than the two-stroke, for reasons which will be ex- 
plained later on. The cycle comprises five events, 
namely: Admission, compression, combustion or ex- 
plosion, expansion and exhaust. In this type of engine 
the charge is taken into the cylinder at atmospheric 
pressure; and is therefore necessarily drawn or 
“sucked’’ in by the piston of the engine, acting for the 
time as a pump piston. This occurs during one out- 
stroke of the piston (from position A to position B, 
Fig. 2), during which the inlet valve is held open 
either by the valve-gear or by the atmospheric pres- 
sure. At the end of this stroke, commonly called the 
“suction” stroke, the inlet valve is closed, and when 
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port down to atmospheric pressure. On the return 
stroke, the piston drives the remaining hot gases out 
of the cylinder, except what remain in the clearance 
space at the completion of the stroke (position E, 
Fig. 2). 

It is evident from the foregoing that the five events 
in the engine cylinder occur during four strokes uf the 
piston: the suction stroke, compression stroke, ex- 
pansion or power stroke and the exhaust or expulsion 
stroke ; hence the term “four-stroke cycle.” Fig. 3 is 
an indicator diagram made by a gas engine working 
on the four-stroke cycle. The line s from f, to pa 


was traced by the indicator during the admission or 
suction stroke of the piston, and lies a trifle below the 
line e, which is at practically atmospheric pressure. 











Exhaust 
PP Mia encased 








FIG. I. 


the piston comes back on the return stroke (B to C, 
Fig. 2) it compresses the cylinder-full of mixed air 
and gas (or air and oil vapor) into the clearance 
space, which is much larger than in a steam-engine 
cylinder. When the piston has reached the end of the 
compression stroke, and while the particles of mixed 
air and fuel are compressed irto intimate contact, the 
mixture is ignited and burns explosively, as already 
explained, producing a sudden rise of pressure behind 
the piston. This enhanced pressure drives the piston 
forward on its power stroke (C to D, Fig. 2), during 
which the pressure is gradually reduced by the ex- 
pansion of the hot gases, the valves remaining closed, 
of course, until the stroke is almost completed; then 
the exhaust valve is opened by the valve-gear and the 
spent gases allowed to expand through the exhaust 














SINGLE-ACTING GAS ENGINE WORKING ON THE FOUR-STROKE CYCLE 


The reason for this is that the piston, moving away 
from the cylinder head, forms a slight vacuum be- 
hind it before the fresh mixture begins to enter the 
cylinder, and this partial vacuum is maintained 
throughout the remainder of the suction stroke. Con- 
sequently the entering charge is at a slightly lower 
pressure than that of the outside atmosphere, as 
shown by the admission line s on the diagram. This 
is necessary, of course, because if the pressure within 
the cylinder were not lower than that of the atmos- 
phere the mixture of air and gas would not enter, 
unless previously compressed to a pressure higher 
than the atmospheric pressure. 

The degree of vacuum required to draw in the 
charge depends on the resistance offered to the charge 
by the passages and inlet-valve port through which 
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it reaches the cylinder, and, in order to keep down the 
work done in “sucking” the charge through these pas- 
sages and port, their area is made as large as practi- 
cable and all bends are of as large radius as construc- 
tional considerations will permit. On the diagram 
here reproduced the admission pressure was 13/4 
pounds, but inaccuracy in redrawing it has made it 
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tension of the curve, and if ignition had then occurred, 
the combustion line would have started abruptly up- 
ward, as indicated by the vertical dotted line. But it 
has been found advisable in practice to ignite the 
mixture just before the end of the compression stroke, 
and that is what was done in this case, producing an 
upward change in the compression curve at the point 
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THE EXHAUST STROKE 


FIG. 2. 


appear higher; the degree of vacuum, therefore, was 
[.2 pounds per square inch or 2.43 inches of mercury. 

The curve marked “Compression” shows the rise 
)f pressure produced by compressing the mixture in 
the cylinder during the return piston stroke. If the 
tnixture had not been ignited until the compression 
stroke was completed, the curve would have been con- 
tinued to the point ~-, as indicated by the dotted ex- 


ILLUSTRATING THE FOUR-STROKE CYCLE 


marked “Ignition occurs.” The reasons for igniting 
the mixture before the piston completes the compres- 
sion stroke are fully explained under the heading 
“Ignition.” 

It will be noticed that the lower part of the com- 
bustion line is strictly vertical and that the line leans 
over slightly toward its upper end. That is due to the 
fact that combustion was not instantaneous, but con- 
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tinued after the piston had started forward on its 
power stroke. Absolutely instantaneous combustion 
is not obtained in an actual engine because of the im- 
possibility of getting a perfect mixture and inflaming 
the whole of it at the same instant. 
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FIG. 3. INDICATOR DIAGRAM FROM A GASOLENE ENGINE 
WORKING ON THE FOUR-STROKE CYCLE 


The expansion curve of the diagram will be recog- 
nized as very similar to the expansion curve of a 
steam-engine indicator diagram. It drops more rap- 
idly, however, than the curve of steam expansion, and 
at the point /, its direction changes rather abruptly; 
this is due to the fact that the exhaust valve opens be- 
fore the piston completes the expansion stroke, which 
is necessary in order to give the hot gases time to 
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reverse curve from the point ~ to the extreme “toe” 
of the diagram, and although the exhaust valve is 
open while the pressure is falling from the release 
pressure Z to atmospheric pressure, the expanding 
gases do some work on the piston. If it were prac- 
ticable to have an exhaust-valve port large enough to 
let the gases drop instantaneously to atmospheric pres- 
sure when it was opened, the expansion curve could 
be continued to the end of the stroke, as indicated by 
the dotted extension, but this is, of course, impossible. 

The line e, at practically atmospheric pressure, is 
traced during the exhaust or expulsion stroke of the 
piston. The actual pressure is very slightly above the 
atmosphere, of course, owing to the resistance to the 
flow of the burned gases presented by the exhaust 
port and channel and the piping leading away from 
the engine, but the difference is not measurable on a 
diagram. 


THE Two-STROKE CYCLE 


In a two-stroke-cycle engine the five events just de- 
scribed also occur, but they are crowded into the 
limits of two piston strokes instead of four; hence 
the name of the cycle. This type of engine, however, 
does not draw its charge into the working cylinder by 















































FIG. 4. 


expand to atmospheric pressure before the piston 
starts back on the return (expulsion) stroke, and 
thereby avoid excessive back pressure during the first 
part of that stroke. The expansion of the burned 
gases to atmospheric pressure is represented by the 





SINGLE-ACTING GAS ENGINE WORKING ON THE TWO-STROKE CYCLE 


piston suction, but receives it either from a separate 
pump or from a reservoir to which it has been pumped, 
and at a pressure of several pounds above atmospheric. 
There are several forms of two-stroke-cycle engine; 
one of the simplest is that illustrated in Fig. 4. There 
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are no valves in the cylinder wall; the inlet and ex- 
haust ports, indicated by the letters J and E, are 
covered by the piston during all of its movement 
except a small proportion near the outer end of the 
travel. The inlet port J is connected by the annular 
passage B and ports C with a chamber D formed in 
the front end of the cylinder, which is provided with 
‘a stuffing-box through which the piston-rod passes. 
This chamber D is really a pump cylinder. When the 
piston moves from the position shown toward the 
23 | 
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INDICATOR DIAGRAM FROM A NATURAL GAS ENGINE 
WORKING ON THE TWO-STROKE CYCLE 


FIG, 5. 


rear end of the cylinder, it draws a mixture of gas 
and air into the chamber D through the valve A, the 
channel B and the ports C (there are several of these 
ports spaced at equal distances around the wall of the 
chamber D). At the same time mixture previously 
taken into the power end of the cylinder is com- 
pressed between the piston and the cylinder head, just 
as in the four-stroke-cycle engine. 

When the piston reaches the end of the compression 
stroke, the compressed mixture is burned, producing a 
rise in pressure behind the piston, as in the four- 
stroke cycle, and this pressure drives the piston for- 
ward on its power stroke. The forward movement 
compresses the mixture just drawn into the chamber 
D, with the result that when the piston passes the 
inlet port J the mixture rushes from the chamber D 
into the power end of the cylinder. In order to per- 
mit the fresh charge to enter the cylinder when the 
inlet port is uncovered, the exhaust port E is so located 
that the piston uncovers it before the inlet port is un- 
covered. This allows the burned gases to expand 
almost to atmospheric pressure before the fresh 
charge is admitted; therefore, the pressure to which 
this charge is compressed in the pump chamber D 
need be only a few pounds above that of the atmos- 
phere. 

From the foregoing it will be evident that a fresh 
charge is drawn into the pump chamber D, and the 
previous charge in the cylinder is simultaneously com- 
pressed, every time the piston makes a backward 
stroke; that the compressed charge is fired every 
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time the piston reaches the end of the instroke; and 
that the heated gases expand behind the piston and a 
new charge is slightly compressed in the pump cham- 
ber every time the piston makes a forward stroke, so 
that every forward stroke is a power stroke. 

It will naturally occur to the reader that while both 
the inlet and exhaust ports are uncovered, during the 
movement of the piston head from the edge of the in- 
let port to the end of the stroke and back again, the 
incoming charge, being above atmospheric pressure, 
will tend to pass out through the open exhaust port. 
This is true, and it is only by most skilful proportion- 
ing of the two ports with relation to the pump pressure 
and the piston speed that the escape of a considerable 
part of the fresh mixture with the burned gases is 
avoided. It is easily conceivable that with a certain 
combination of port areas, pumping pressure and 
piston speed, the burned gases will expand to a pres- 
sure below the pump delivery pressure, but not to 
atmospheric pressure, by the time the inlet port is un- 
covered, and that they will not get down to atmos- 
pheric pressure until the inlet port has been covered 
again by the piston on its return stroke. Under such 
conditions, the burned gases would form a sort of 
barrier between the fresh mixture and the exhaust 
port. Of course, there is some mixing of the fresh 
charge with the burned gases, but the incoming mix- 
ture is deflected toward the cylinder head by the baffle 
G on the piston head, so that, under the ideal com- 
bination of conditions just outlined, the burned gases 
with which the fresh charge mixes will be retained in 
the cylinder after the exhaust port is covered. 

It will be clear, however, that unless proper rela- 
tions are obtained between the port areas, moments of 
opening, pump delivery pressure and piston speed, 
either a good deal of the fresh mixture will escape 
with the exhaust gases or else too large a proportion 
of the burned gases will be trapped in the cylinder 
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FIG. 6. PUMP DIAGRAM, TWO-STROKE CYCLE 
and reduce unnecessarily the quantity of fresh mix- 
ture that can be taken in. 

Two indicator diagrams are necessary to show all 
of the phases through which the working medium 
passes during each cycle; one for the power end of 
the cylinder and another for the pump end, or the 
separate pump if one be used. Fig. 5 is a power dia- 
gram from a two-stroke-cycle engine of the type just 
described, and Fig. 6 is the corresponding pump dia- 
gram. The power diagram corresponds to the large 
loop of the four-stroke diagram, and the pump dia- 
gram corresponds roughly to the small “negative” 
loop of the four-stroke diagram. 
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The right-hand end of the power diagram, Fig. 5, 
will probably seem a little confused until the reader 
becomes accustomed to the fact that the exhaust and 
inlet ports are open simultaneously during a small 
part of the piston travel. The vertical dotted line 
c—d shows where the piston begins to uncover the 
exhaust port on its outstroke (at the point ~) and 
has just covered it on the instroke (at the point fq). 
The dotted line a—b indicates similarly the point in 
the piston travel when the edge of the piston is at the 
edge of the inlet port, beginning to uncover it at A; 
and completing its closure at the corresponding point 
on the lower curve. 

Starting at the point A;, on the diagram, the charge 
begins to enter the cylinder from the pump chamber 
and continues to enter during the remainder of the 
outstroke and that part of the instroke represented 
by the line from the toe of the diagram to the point 
cut by the dotted line a—b; the exhaust port is closed 
at fa, and compression then begins, as indicated 
by the rise of the lower curve. The compression, ig- 
nition, combustion and expansion are the same as in 
the four-stroke cycle, down to the point 2, where 
the piston begins to uncover the exhaust port. From 
here on, the pressure drops abruptly until the inlet 
port begins to open at f; and the inrush of the 
slightly-compressed charge from the pump chamber 
keeps the pressure up. The burned gases continue 
to escape during the remainder of the outstroke and 
that part of the return stroke from the toe of the dia- 
gram to the point fa where the exhaust port is cov- 
ered by the piston. 

Referring to the pump diagram, Fig. 6, the vertical 
dotted line a —b, crossing the upper and lower 
curves, corresponds with the same line in Fig. 5, 
showing the points at which the piston covers and un- 
covers the inlet port of the power cylinder. Begin- 
ning at b, when the piston has just covered the port 
and stopped the escape of mixture to the cylinder, 
the line s is drawn while the piston is drawing fresh 
mixture into the pump chamber through the admis- 
sion valve A, Fig. 4; this occurs simultaneously with 
the drawing of the compression curve of Fig. 5. Then 
the piston is driven forward, after the explosion in 
the power end of the cylinder, by the expanding gases, 
and compresses the mixture in the pump chamber. 
making the curve from g to a on the pump diagram 
and the expansion curve down to #; on the lower dia- 
gram. At a the piston uncovers the inlet port of the 
cylinder and the rush of mixture from the pump cham- 
ber into the cylinder relieves the pump pressure, 
causing the drop from a to f on the diagram. As 
the piston returns (from right to left in Figs. 4, 5 and 
6), the pressure in the pump chamber drops rapidly 
until the cylinder port is covered (at b), stopping the 
escape of the mixture from the pump chamber ; then 
the drop continues more gradually until the pressure 
falls below that of the atmosphere, when the auto- 
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matic admission valve A, Fig. 4, is opened by the 
atmospheric pressure and another charge is drawn 
into the pump chamber, giving the suction line of the 
succeeding pump diagram. It should be noted that 
the pressure scale in Fig. 6 is much lower than that 
of Figs. 5 and 3, so that the area inclosed by the loop 
is much larger than if the same scale had been used in 
all of the diagrams. 

The diagrams, Fig. 3 and 5, have been slightly 
idealized at the “toe” in order to explain more clearly 
what occurs at the end of the expansion stroke in both 
types of engine. An accurate clean-cut toe cannot be 
obtained with the average indicator unless the speed 
of the engine is very slow, because the inertia of the 
indicator mechanism prevents the pencil from follow- 
ing the abrupt charges of pressure which actually 
occur. An ordinary diagram shows a rounded “toe” 
as illustrated by Figs. 25 to 30. 

rom the foregoing it will be evident that the en- 
gine working on the four-stroke cycle has the advan- 
tage of forcing nearly all of the burned gases out 
with its piston during an entire stroke and taking in a 
full piston displacement of fresh mixture during an- 
other entire stroke, whereas the engine working on 

















FIG. 7. ILLUSTRATING COMPRESSION EFFECTS 

the two-stroke cycle must take in its fresh mixture 
and exhaust its burned gases simultaneously and dur- 
ing a very small portion of two strokes. 

On the other hand, the engine working on the two- 
stroke cycle has the advantage that one-half of its 
piston strokes are power strokes, while the other en- 
gine gives only one power stroke in every four, the 
other three being devoted to intake, compression and 
exhausting. Modifications of the original type of two- 
stroke-cycle engine have been built, moreover, in 


which only compressed air is admitted to the cylinder 
while the exhaust port is open, the fuel being delivered 
under pressure after the piston has closed the exhaust 
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port. In this form of engine, it is manifestly easy 
to sweep the cylinder clean of burned gases and take 
in a cylinder-full of fresh mixture without losing any 
of the latter. The work of air pumping, however, is a 
serious item in such an engine, since the air pressure 
must be fairly high in order to clear out the burned 
gases during the brief period of time available while 
the exhaust port is uncovered by the piston. This 
complete sweeping out of the burned gases is termed 
“scavenging,” and an engine in which this is ‘accom- 
plished is designated a “scavenging” engine. 

The difficulty of admitting a fresh charge and ex- 
hausting spent gases simultaneously and during an 
extremely brief interval of time, with economy, and 
the greater pump work required have prevented the 
two-stroke cycle from being as extensively applied as 
the four-stroke cycle. 


PRESSURES AND TEMPERATURES 


(COMPRESSION 


In both four-stroke and two-stroke engines the 
pressure obtained at the end of the compression stroke 
is of great importance; the higher this pressure the 
higher will be the maximum pressure produced by 
combustion and the mean effective pressure of the 
cycle, up to a certain point. Beyond that pomt, which 
varies with differing working conditions, increasing 
the compression pressure does not produce any increase 
in the mean effective pressure. 

The compression pressure is determined chiefly by 
the relation between the volume of the clearance space 
(the space between the piston face and the nearest 
cylinder-head when the crank is on the dead center) 
and the volume of the space “swept out” by the com- 
pression stroke of the piston. It is also influenced by 
the pressure which exists in the cylinder immediately 
before compression begins and by the loss of heat 
through the cylinder walls during the compression 
stroke; the higher the pre-compression pressure, the 
higher will be the compression pressure; the less the 
heat loss through the cylinder walls, the higher will be 
the compression pressure. These relations are simply 
expressed by the rule: 


Pressure before compression X Volume before com- 
pression ~ Temperature before compression = Pres- 
sure after compression X Volume after compression 
~ Temperature after compression. 


It is even simpler, however, to express these rela- 
tions in the shape of a formula, thus: 


pa x Va pe x I c 
Ti, a 





in which 


Absolute pressure per square ~ 


inch in the cylinder, Before 


| 

V. = Volume, in cubic feet, behind } 
the piston, | Compression. 

7. = Absolute temperature. 
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= 
y= 


Te = 


Absolute pressure, ) 
Volume, in cubic feet, 
Absolute temperature. \ 


After 


Compression. 


Absolute pressure is the gage pressure plus the 
atmospheric pressure, and is commonly taken at 14.7 
pounds per square inch above the gage pressure. 

The volume “behind the piston” is the maximum to- 
tal space between the piston head and the cylinder 
head. 

The absolute temperature is the Fahrenheit ther- 
mometer temperature + 460, because the absolute 
zero of gases is 460 degrees below the zero of the 
Fahrenheit thermometer. 

Reference to Fig. 7 will doubtless help the reader to 
grasp the meaning of the formula more readily. At 
A is represented a cylinder and piston with a space of 
12 cubic feet between the piston and closed end of the 
cylinder, that is, “behind the piston.’ Suppose this 
space to be filled with air at 14 pounds absolute pres- 
sure per square inch and 500 degrees absolute tem- 
perature (40 degrees thermometer temperature). Now 
suppose the piston were forced down until the space 
beneath it were reduced to 2 cubic feet, as indicated 
at B. If the piston and the walls of the cylinder were 
absolutely non-conductive to heat, so that no heat 
could escape, the pressure under the piston would 
rise to 175 pounds absolute. Then, according to the 


formula : 
14X12 _ 175 X 2 
500” 
and, consequently, 
500 i T: 
4X12 #419§X2’ 
which reduces to: 
500 SE 
168 ~ 350 
Therefore, the absolute temperature after compres- 


sion would be: 


500 


168 x 350 = 1041.7 


degrees. 


Now, abandon the supposition that the piston and 
cylinder do not conduct heat, and assume, for ex- 
ample, that the escape of heat during compression 
was such that the temperature after compression was 


goo degrees. Then the following relations would 
exist, according to the formula: 
14X12 _ pX 2 
500 ~=——s goo: ’ 


which transposes into 


14X12 | goo 
500 — 








The compression pressure would, therefore, be 151.2 


pounds per square inch instead of 175. 


It is customary to consider the “compression ratio” 
in gas-engine calculations, rather than the actual 








70 POWER January 14, 1908. 


volumes before and after compression. These volumes 
must be known, however, in order to ascertain the 
compression ratio because the ratio is merely the 
larger volume divided by the smaller, thus: 


Volime before compression 


—— == compression ratio. 
Volume after compression - 


But the ratio is more convenient to use in calcula- 
tions than the separate volumes. The compression 


ratio in the example just given was: 
12 
—_ =6 
2 


The rise of pressure due to compression may be com- 
puted without including the temperatures, if one knows 
approximately the extent to which loss of heat affects 
the process. The formula for pressure is: 


-pe = pa x Ve ad , 


in which 7 represents the compression ratio and the 
exponent » depends upon the loss of heat through the 
cylinder walls; in practice n ranges from 1.2 to 1.38, 
these being extreme cases. The values of m most com- 
monly obtained are from 1.28 to 1.35, a very common 
value being 1.30. The greater the loss of heat 
through the cylinder walls, the smaller will be the ex- 
ponent 7; with no loss at all it would be 1.408 for air 
alone and for most mixtures of air and gas used in 
engines. 

The pressure before compression in a four-stroke- 
cycle engine, as explained in connection with the in- 
dicator diagram, depends on the resistance offered by 
the intake passages to the flow of the charge into the 
cylinder ; it is usually 13 to 13% pounds absolute, but 
in some engines is as low as 12 pounds and in others 
as high as 14 pounds. 

In a two-stroke-cycle engine the pressure immedi- 
ately before compression begins (when the piston 
has just covered the exhaust port) is usually from 18 
to 21 pounds absolute, according to the design of the 
ports and the delivery pressure of the pump chamber. 

The increased temperature due to compression may 
be computed by means of a formula,very similar to 
that for the compression pressure: 


Te = Ta-X re"—!, 


in which the symbols have the same meaning as be- 
fore. The temperature immediately before compres- 
sion begins is not the temperature at which the mix- 
ture enters the valve-cage, because it is heated by the 
hot cylinder walls and the edges of the inlet port as 
it enters. Ordinarily the pre-compression temperature 
is somewhere between 600 and 750 degrees absolute, 
very common temperatures falling between 660 and 
700 degrees. 

Table 1 gives compression pressures resulting from 
pre-compression pressures of 13, 13%, 14, 18 and 21 
pounds, absolute, and Table 2 gives compression tem- 
peratures resulting from pre-compression tempera- 
tures of 660, 700, 740 and 780 degrees, both with com- 


pression ratios of 3 to 8 and compression exponents of 
1.3 and 1.34. Unfortunately it is impossible to pre- 
dict what the compression exponent will be unless one 


Table 1. Compression Pressures 








pres: n-1,3 n=1,.34 








Ic | Pa=13 a Pa-14 | Pa-18 | Pa-21 || Pa-13 | Pa-134| Pa=14 | Pa=18 | Pa=21 
-00} 54.22) 56.31) 58.39) 75.08) 87.59]| 56.67; 58.85) 61.03) 78.46) 91.54 
-05| 55.41) 57.54) 59.67) 76.72! 89.50]| 57.93) 60.16) 62.38) 80.21) 93.58 
-10} 56.59) 58.76) 60.94) 78.35) 91.41)}| 59.20) 61.48) 63.76) 81.97) 95.63 
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60.18) 62.49) 64.81, 83.32) 97.21|| 63.08, 65.50] 67.93) 87.34/101.89 
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.40) 63.80) 66.26; 68.71) 88.34,103.10]| 67.00 69.58) 72.16) 92.77|108.20 
65 ‘ 
66 
67 








5.03} 67.53) 70.03! 90.04'105.00]| 68.33 
3.26) 68.81) 71.36 91.75107.00|| 69.67 
.50| 70.09) 72.69, 93.46 109.00]| 70.99 
3] 71.37| 74.02] 95. 
2.66) 75.35) 96. 
3.97) 76.71\ 98. 
5.26) 78.05 100. 
.74| 76.57| 79.41 102. 
85| 75.00| 77.88| 80.77/103. 
.90| 76.27| 79.20, 82.14, 105. 
95| 77.54| 80.53} 83.51)107. 
.00) 78.82} 81.85) 84.88 109 
.05| 80.11} 83.19) £6.27/110. 
10} 81.39] 84.52] 87.65/112. 
15| 82.68) 85.86) 89.04/114. 
20) 83.98] 87.21! 90.44/116. 
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has some knowledge of the working of an engine un- 
der the same conditions as those applying to the prob- 
lem in hand, because the heat loss during compres- 


Table 2. Compression Temperatures 






































pond n=1.3 n=1.34 
pres- 
sion a aT EES OO - 
Ratio | T,-620 Ty-660 | Ty-700 T,-740 T,-780 T,-620 T,-660 | Ta-700 T,-740 'T,-780 
c — 
3,00 862 | 918 | 973 | i029 | 1084 901 959 | 1017 1075 | 1133 
3.05 566 922 978 | 1034 | 1090 906 964 1023 1081 1140 
3.10 870 927 | 983 | 1039 | 1095 911 970 | 1028 | 1087 1146 
3.15 875 931 | 988 | 1044 | 1100 916 975 | 1034 | 1093 1152 
3.20 879 936 992 | 1049 1106 921 980 | 1040 | 1099 1158 
3.25 883 940 | 997 | 1054 | 1111 926 985 | 1045 | 1105) 1165 
3.30 887 944 | 1001 1059 | 1116 930 990 1050 1110 L171 
3.35 891 949 | 1006 | 1063 | 1121 935 996 1056 1116 1177 
3.40 895 953 | 1010 | 1068 } 1126 940 1000 1061 | 1122 1182 
3.45 899 957 | 1015 | 1073 { 1131 945 | 1006 | 1066 | 1127 1188 
3.50 903 961 | 1019 | 1078 | 1136 949 | 1010 1072 | 1133 1194 
3.55 907 965 | 1024 | 1082 | 1141 954 | 1015 | 1077 1138 | 1200 
3.60 | 911 969 | 1028 | 1087 | 1145 958 | 1020 | 1082 1144 | 1206 
3.65 914 973 | 1032 | 1091 | 1150 963 | 1025 | 1087 | 1149 | 1211 
3.70 918 977 | 1036 | 1096 | 1155 967 | 1030 | 1092 | 1155 | 1217 
3.75 922 981 1041 1100 | 1160 972 | 1034 | 1097 | 1160 | 1223 
3.80 925 985 | 1045 | 1105 | 1164 976 ; 1039 | 1102 1165 | 1228 
3.85 929 989 | 1049 | 1109 | 1169 981 1044 | 1107 1170 1234 
3.90 933 993 | 1054 | 1113 1173 985 | 1048 | 1112 1175 | 1239 
3.95 936 997 | 1057 | 1117 | 1178 989 | 1053 | 1117 | 1181 | 1244 
4.00 940 | 1000 | 1061 | 1122 | 1182 993 | 1057 1122 | 1186 1250 
4.05 943 1004 | 1065 | 1126 | 1187 998 | 1062 | 1126 | 1191 | 1255 
4.10 947 | 1008 | 1069 | 1130 | 1191 1002 | 1066 | 1131 1196 | 1260 
4.15 950 | 1011 1073 | 1134 | 1195 || 1006 | 1071 | 1136 | 1200 | 1265 
4.20 954 | 1015 | 1077 | 1138 | 1200 || 1010 | 1075 | 1140 1205 | 127 
4.25 957 | 1019 | 1080 | 1142 | 1204 || 1014 | 1079 | 1145 | 1210 ! 1276 
4.30 960 | 1022 { 1084 | 1146 | 1208 || 1018 | 1084 | 1149 1215 1281 
4.35 964 | 1026 | 1088 | 1150 | 1212 |, 1022 | 1088 | 1154 1220 1286 
4.40 967 1029 | 1092 | 1154 | 1217 || 1026 | 1092 1158 1225 1291 
4.45 970 | 1033 | 1096 | 1158 | 1221 1030 | 1096 | 1163 | 1229 1296 
4.50 974 | 1036 | 1099 | 1162 | 1225 | 1034 | 1101 | 1167 | 1234 1301 
4.55 977 1040 | 1103 | 1166 | 1229 || 1038 | 1105 | 1172 | 1239 | 1306 
4.60 980 | 1043 | 1106 | 1170 | 1233 || 1042 | 1109 | 1176 | 1243 | 1310 
4.65 983 | 1047 | 1110 | 1173 | 1237 || 1046 1113 | 1180 | 1248 | 1315 
4.70 986 | 1050 | 1114 | 1177 | 1241 || 1049 } 1117 | 1185 1252 1320 
4.75 989 | 1053 | 1117 | 1181 | 1245 || 1053 | 1121 | 1189 | 1257 | 1325 
4.80 993 | 1057 1121 | 1185 | 1249 || 1057 | 1125 | 1193 | 1261 1330 
4.85 996 | 1060 | 1124 | 1188 | 1253 || 1061 1129 | 1197 | 1266 loo 
4.90 | 999 | 1063 | 1128 | 1192 | 1256 | 1064 | 1133 | 1202 | 1270 1339 
4.95 | 1002 | 1066 | 1131 | 1196 | 1260 || 1068 | 1137 1206 | 1275 1344 
5.00 | 1005 | 1070 | 1134 | 1199 | 1264 || 1072 | 1141 | 1210 | 1279 1348 
5.05 | 1908 | 1073 | 1138 | 1203 | 1268 \ 1075 | 1145 | 1214 1283 1353 
5.10 | 1011 | 1076 | 1141 | 1206 | 1272 || 1079 1148 | 1218 1288 1357 
5.15 | 1014 | 1079 | 1145 | 1210 | 1275 || 1082 | 1152 | 1222 | 1292 1362 
5.20 | 1017 | 1082 | 1148 | 1213 | 1279 || 1086 | 1156 | 1226 | 1296 1366 
5.25 | 1020 | 1085 | 1151 | 1217 | 128: 1090 | 1160 | 1230 | 1300 1371 
530 1022 | 1088 | 1154 | 1220 3 || 1093 1164 | 1234 | 1305 1375 
5.35 | 1025 | 1092 | 1158 | 1224 | 1097 | 1167 | 1238 | 1309 1380 
5.40 | 1028 | 1095 | 1161 | 1227 | 1100 | 1171 | 1242 | 1313 1384 
5.45 | 1031 | 1098 | 1164 | 1231 | 1103 | 1175 | 1246 | 131% 1388 
5.50 | 1034 | 1101 | 1167 | 1234 | 1107 | 1178 | 1250 1321 1393 
5.55 | 1037 | 1104 | 1171 | 1237 | 1110 | 1182 | 1254 1325 1397 
5.60 | 104¢ 1107 | 1174 | 1241 | 14 | 1186 | 1257 1329 1401 
5.65 | 1042 | 1110 | 1177 | 1244 | 17 1189 | 1261 | 1333 1405 
5.70 | 1045 | 1112 | 1180 | 1247 20 | 1193 | 1265 | 1337 1410 
5.75 | 1048 | 1115 | 1183 | 1251 24 | 1196 | 1269 1341 1414 
5.80 | 1051 | 1118 | 1186 | 1254 27 | 1200 | 1273 1345 1418 
5.85 | 1053 | 1121 1189 | 1257 30 | 1203 | 1276 1349 1422 
5.90 | 1056 | 1124 | y 1260 34 1207 | 1280 1303 1426 
5.95 | 1059 | 1127 | 5 | 1264 37 1210 | 1284 1357 1430 
6.00 | 1061 1130 | 1267 40 1214 | 1287 1361 1434 
6.05 | 1064 | 1133 | 1270 143 1217 1291 1365 1438 
6.10 | 1067 | 1135 | 1273 147 1221 1295 1368 1442 
6.15 | 1069 | 1138 1276 150 | 1224 | 1298 1372 1447 
6.20 |. 1072 | 1141 1279 153 1227 1302 1376 1450 
6.25 | 1074 | 1144 1282 156-1231 | 1305 1380 1454 
6.30 | 1077 1146 | 1285 159-1234 | 1309 1384-1458 
6.35 | 1079 | 1149 | 1288 162 | 1237 1312 | 1387 1462 
6.40 | 1082 | 1152 1291 165 1241 1316 | 1391 1466 
6.45 | 1085 | 1155 | 1294 169 | 1244 1319 | 1395 1470 
6.50 | 1087 1157 1298 172 | 1247 1323 1398 1474 
6.55 | 1090 | 1160 | 1300 175 | 1250 | 1326 1402 1478 
6.60 | 1092 | 1163 | 1303 178 | 1254 | 1330 | 1406 1482 
6.65 | 1095 1165 | 1306 181 1257 1333 1409 1485 
6.70 | 1097 | 1168 | 1309 184 1260) 1337 1413 1489 
6.75 | 1099 | 1170 | 1312 187 1263 | 1340 1416 = 1493 
6.80 | 1102 | 1173 | 1315 1190 | 1266 | 1348 , 1420 149% 
6.85 | 1104 | 1176 | 1318 1193 1270 | 1347 1424 891500 
6.90 | 1107 1178 | 1321 196 | 1273 | 1350 | 1427 1504 
6.95 | 1109 | 1181 | 1324 199 1276 | 1353 1431 1508 
7.00 | 1112 | 1183 | 1327 1201 1279 | 1357 1434 1512 
7.10 | 1116 | 1188 | 1332 1207 1285 | 1363) 1441 =-1519 
7.20 | 1121 | 1193 | 1338 1213 | 1291 1370 , 1448 1526 
7.30 | 1126 | 1198 | 1343 1219 | 1297 1376 | 1455 1533 
7.40 | 1130 | 1203 | 1349 224 1303 | 1382 | 1461 1540 
7.50 | 1135 | 1208 | 1354 230 =1309 | 1389 1468 1547 
7.60 | 1139 | 1213 1286 | 1360 236 «=-1315 | 1395 | 1475-1554 
7.70 | 1144 218 1291 1365 241 1321 1401 1481 1561 
8O | 1148 1296 | 1370 247 «1327 | 1407 | 1488 1568 
90 1153 1301 1376 i 252 | 1333 1414 | 1494 1575 
8.00 | 1157 1306 1381 456 257 1338 | 1420 | 1501 1582 








sion cannot be foretold. Past practice, however, has 
made it certain that the heat loss can be controlled 
sufficiently to keep the value of the exponent some- 
where near 1.3 in a well-cooled engine and 1.34 in one 
moderately cooled; hence, these values were used in 
computing the tables. 
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COMBUSTION 


The rise of pressure produced by the combustion 
of the charge is even more difficult to estimate before- 
hand than the exponent af the compression formulas. 
The relation between the pressures and temperatures 
before and after combusion is the same as that already 
stated for compression, thus: 


pz X Vr x Ve 
T, T. ; 

and if combustion of the entire mass of cylinder con- 

tents ocurred instantaneously, while the piston was at 

the end of its stroke and therefore stationary, the vol- 

ume after combustion (l.) would be the same as 

the volume before combustion (},) and would not 


need to be considered; the formula would then reduce 
to 


pr _ pr 
ie Re 


and this transposes into 


px = pe X (ip 


The symbols used in these formulas have the fol- 
lowing meanings: 


p: = Maximum absolute pressure per square inch 
after ignition, 

fe = Absolute pressure per square inch due to 
compression, 

7; = Maximum absolute temperature after ignition, 

7. = Absolute temperature due to compression. 


The maximum temperature after ignition is, of 
course, equal to the temperature due to compression 
plus the increase in temperature due to combustion. 
But this increase in temperature cannot be predicted 
with any real certainty because combustion is not in- 
stantaneous throughout the entire mass of the cylinder 
contents and a great deal of heat escapes from the 
burning gases through the cylinder walls. It should 
be kept in mind that the cylinder contents at the time 
of combustion consist of the fresh mixture taken in 
during the suction stroke, together with what burned 
gases remained in the cylinder after the previous ex- 
plosion and exhaust stroke. These burned gases, hav- 
ing no heat value, reduce the inflammability of the to 
tal cylinder contents and make combustion less rapid 
than it would be if only the fresh mixture were in the 
cylinder. 

In general, the rise of temperature produced by com- 
bustion is from 0.4 to 0.8 of what it would be with 
instantaneous combustion and no heat loss to the cyl 
inder walls, so that the maximum temperature and 
pressure can be estimated within these limits, but this 
gives merely the roughest approximation. In estimat- 
ing the probable output of an engine, one may assume 
that the rise of temperature due to combustion will be 
one-half of the calculated value based on the unattain- 
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able perfect conditions mentioned, and thereby come 
within probably 20 per cent. of the truth. This ques- 
tion is more fully discussed in the chapter devoted to 
the mathematics of the gas-engine cycle, and need not 
enter into the present elémentary considerations. It 
is probably sufficient now to point out that the maxi- 
mum temperature after combustion may be as high as 
3000 degrees, absolute, and the maximum pressure as 
high as 400 pounds per square inch, absolute; these 
are high figures, however, the more usual values being 


Table 3-A. Average Pres- 
sure Rise per Square Inch 














Produced by Combustion 
‘ - Muminating og 2 @ 
Comp.| ““botcld | 3 | § 
Te r E ) 
600 | 625 | 650 © | * 
4.0 | 135 | 140! 146 195 168 
4.1 | 139 | 145 | 151 | 201 , 174 
4.2 | 144 | 150 | 156 208 179 
4.3 | 148 | 155 | 161 214 185 
4.4 | 153] 159 | 166 221 190 
4.5 | 157 | 164 | 170 227 196 
4.6 | 162 | 169 | 175 | 234 | 202 
4.7 | 166 | 173 | 180 | 240 | 207 
4.8 | 171 | 178 | 185 247 | 213 
4.9 | 175 | 183 | 190 | 253 218 
5.0 | 180 | 187 | 195 260 224 
Table 3-C. Average Pres= 


sure Rise per Square Inch 
Produced by Combustion 


| 
| Producer Gas 





3 | 234 | 252 | 270 


Comp. B.t.u. per cubic foot, cold 
ratio | ; 7 
Te | | 

120 | 130 | 140 | 150 | 160 
6.0 | 180 | 195 | 210 | 225 | 240 
6.1 | 184 | 199 | 214 | 229 | 245 
6.2 | 187 | 203 | 218 | 234 | 250 
6.3 | 191 | 207 | 223 | 288 | 254 
6.4 | 194 | 210 | 227 | 243 | 259 
6.5 | 198 | 214 | 231 | 247 | 264 
6.6 | 201 | 218 | 235 | 252 | 269 
6.7 | 205 | 222 | 239 | 256 | 273 
6.8 | 209 | 226 | 243 | 261 | 278 
6.9 | 212 | 230 | 248 | 265 | 283 
7.0 | 216 288 


about 2300 degrees absolute 
pounds absolute pressure. 

Tables 3-A to 3-D give the average rises of pres- 
sure produced by the combustion of different fuels, as 
obtained in practice. 


temperature and 250 


EXPANSION AND EXHAUST 

During the power stroke of the piston the burned 
and burning gases expand according to exactly the 
same law that they followed during compression. If 
there were no gain or loss of heat by the gases during 
expansion, the pressure and temperature would fall at 
exactly the same rates at which they would have risen 
during compression with no heat loss or gain; conse- 
quently, if the gases could receive heat from any 
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source during expansion at the same rate at which 
heat was lost to the cylinder walls during compres- 
sion, the rates at which the pressure and temperature 
would change would be the same during expansion as 
during compression. In other words, if the gases 
could receive heat during expansion at the same rate 
that heat was lost during compression, the pressure at 
any point of the expansion curve divided by the pres- 
sure at the point on the compression curve vertically 
below it would be the same at all points of the two 


Table 3-B. Average _ Pres- 
sure Rise per Square Inch 
Produced by Combustion 


Natural Gas 
Comp. | B.t.u. per cubic foot, cold 
ratio 


Te 


| 900 950 | 1000 














1050 |1100 
5.0 | 173 | 182 | 192 | 202 | 211 
5.1 | 177 | 187 | 197 | 207 | 216 
5.2 | 181 | 191 | 202 | 212 | 299 ‘ 
5.3 | 186 | 196 | 206 | 217 | 297 
5.4 | 190 | 200 | 211 | 222 | 232 
5.5 | 194 205 | 216 | 297 | 238 
5.6 | 199 | 210 | 221 | 232 | 243 
5.7 | 203 | 214 | 226 | 237 | 248 
5.8 | 207 | 219 | 230 242 | 253 
5.9 | 212 | 223 | 235 | 247 | 259 
6.0 hs 228 | 240 | 252 | 264 
Table 3=D. Average Pres-= 


sure Rise per Square Inch 
Produced by Combustion 


| 


Blast Furnace Gas 








Comp. B.t.u. per cubic foot, cold 
ratio ee en a ae 
Te | 

| 80 | 85 | 90 95 | 100 
7.0 | 169 180 190 | 201 | 211 
7.1 | 172 | 183 | 193 | 204 | 215 
7.2 | 175 | 186 | 196 | 207 | 218 
7.3 | 178 | 189 | 200 | 211 | 222 
7.4 | 180 | 192 | 203 | 214 | 225 
7.5 | 183 | 194 |} 206 | 217 | 229 
7.6 | 186 | 197 | 209 | 220 | 232 
7.7 | 189 | 200 | 212 | 224 | 236 
7.8: | 192 | 203 | 215 | 227 | 239 
7.9 | 194 | 206 | 218 | 230 | 243 
8.0 | 197 | 209 | 222 | 234 | 246 





curves. Thus, if the expansion pressure were three 
times the compression pressure at a point one-tenth of 
the piston travel from the left-hand end of the dia- 
gram, it would be three times the compression pres- 
sure at three-tenths, three-fourths, or any other por- 
tion of the travel. 

In practice, however, this result is rarely obtained. 
The gases do receive heat during expansion, much of 
it from continued burning after the piston has com- 
menced its power stroke, because combustion was not 
instantaneous, In addition to this, as the temperature 
of the expanding gases falls some heat is given back 
to them by the cylinder walls, where it was stored dur- 
ing combustion. The drop in the expansion curve, 
however, is usually less rapid than the rise in the com- 
pression curve, but it occasionally happens that it is 
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the other way, the gases receiving less heat by after- sponding to the same piston position in the cylinder; 
burning and restoration from the cylinder walls dur- this continued true for some distance along the two 
ing expansion than they lost during compression. Fig. curves, but at 114 pounds on the expansion curve the 
ratio of expansion to compression pressures had fallen 





















20 ~—p 
230 7 to 2.85, and at 85 pounds it went down to 2.83. Be- 
od yond this point the gases received heat more rapidly, 
lad as shown by the flattening of the expansion curve, 
B wo and at the moment of release the pressure ratio rose to 
bond 2.9 again. From this illustration it will be evident that 
& 100 4 2 calculations relating to pressure variations under the 
bent z conditions of gas-engine operation cannot be made 
_ E 1M beforehand with any approach to strict accuracy. 
& 104 |" ta The expansion ratio is never the same as the com- 
Bon] Nantes becurd - pression ratio because the exhaust port is opened 
5 aa before the end of the expansion stroke. The differ- 
50-4 give, ence between the two ratios is greater in a four-stroke- 
ee >\ cycle engine than in a two-stroke, because in the for- 
20+) ‘ 145% \ mer the compression begins at the very beginning of 
= b--—___ -_* Viston—Travel we the compression stroke, while in the latter it does not 





eso, & maverearine cme vanvime ware oF ExPAnaieN begin until the piston has covered the exhaust port. In 
TO COMPRESSION PRESSURES the four-stroke cycle, the expansion ratio is always 

smaller than the compression ratio, but in the two- 

8 is an example of this kind. At the moment of maxi- stroke cycle as ordinarily carried out it is a trifle 
mum pressure, that pressure was 2.9 times the com- larger. Reference to Figs. 9 and 1o will show why 


pression pressure that existed when the piston was in this is so. In Fig. 9 is shown a piston in three posi- 


























FIG. Q. ILLUSTRATING DIFFERENCE BETWEEN COMPRESSION AND FIG. I0. ILLUSTRATING SIMILARITY BETWEEN COMPRESSION AND EX- 
EXPANSION RATIOS IN THE FOUR-STROKE CYCLE PANSION RATIOS IN THE TWO-STROKE CYCLE 


the same position during the compression stroke (not tions in the cylinder of a four-stroke-cycle engine. At 
the same point of the compression stroke, but the A it is at the end of the outstroke and about to return 
same actual position in the cylinder). When the ex- on the compression stroke; the space behind it ( Va) 
pansion pressure had fallen to 173 pounds, it was 2.88 is 45 hundredths of a cubic foot. At B the compres- 
times the pressure on the compression curve corre- sion stroke is completed and the clearance space ( /¢ ) 
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as one-tenth of a cubic foot. 
is, therefore: 


The compression ratic 


0.5+01=4%. 


At C the piston has reached the position in the ex- 
pansion stroke where the exhaust valve (not shown) 
opens, and the space behind it (/%) is 41 hun- 
dredths of a cubic foot; this position is (in this case) 
at 87 per cent. of the expansion stroke, the extreme 
end of which is indicated by the dotted line. Now if 
the expanding gases ‘dropped to atmospheric pressure 
the instant the exhaust valve opened, the expansion 
ratio would be: 


0.41 +O.1 = 4.1 


as compared with 4% for the compression ratio. The 
gases do not drop instantly to atmospheric pressure, 
however. Usually the drop is sufficiently gradual to 
make the mean effective pressure the same that it 
would be if the exhaust valve did not open until the 
piston traveled nearly one-half of the remainder of 
the stroke before the exhaust valve. opened, and the 
pressure then dropped instantly to atmospheric. Even 
with this allowance, the expansion ratio cannot be as 
great as the compression ratio, because the effective 
part of the expansion stroke is still slightly less than 
the full piston stroke. 

Fig. 1o illustrates the two-stroke conditions. At A 
the piston, moving in the direction of the arrow, has 
just covered the exhaust port and begun compression ; 
‘the space behind it is 455 thousandths of a cubic foot. 
At B the compression stroke is completed and the 
clearance space is 130 thousandths of a cubic foot; 
the compression ratio, therefore, is 


455 _ 3y, 


130 


At C the piston, moving outward, is about to un- 
cover the exhaust port, and is in practically the same 
position as when compression began, at A. If the 
expanding gases dropped instantly to atmospheric 
pressure when the exhaust port began to open, the 
expansion ratio would be practically the same as the 
compression ratio, but the drop is not instantaneous, 
and the gradual fall of pressure amounts to an exten- 
sion of the effective part of the power stroke, making 
the expansion ratio greater than the compression ra- 
tio. The dotted lines indicate the end of the outstroke 
and the beginning of the instroke. 

The pressure at which the expanding gases are re. 
leased bears the same general relation to the maximum 
pressure of combustion that the pre-compression 
pressure does to the compression pressure. Thus: 


pe = pare 


re being the expansion ratio, and the exponent of 
the expansion curve. 
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The temperature of the gases at the moment of re- 
lease is 


i= 7,478". 


By transposing these formulas their similarity to 


Table 4. Absolute Pressures per Square Inch at 


Release 
CORRESPONDING TO EXPLOSION PRESSURES COMMONLY OBTAINED. 


Note:—The expansion ratios in the le‘t-hand column are based on the volume 
behind the piston when the exhaust valve begins to open. 























Ex- n,.= 1.29 n, = 1.32 

pan= 

Caer — anes 

atio 7 ‘ . - — ‘ — 

x= x px px px px = px px px x 
r. 240 P70 «°300 «4°330 «4° 360«=« | 240-270 «S300 330360 
3.00 58.2 65.4 os 80.0 87.2 56.3 63.3 70.4 77.4 84.4 
3.05 56.9 64.0 71.2 78.3 85.4 55.1 62.0 68.8 75.7 82.6 
3.10 55.8 62.7 69.7 76.7 83.6 53.9 60.6 67.4 74.1 80.9 
3.15 54.6 61.4 68.3 75.1 81.9 52.8 59.4 66.0 72.6 79.2 
3.20 63.5 60.2 66.9 73.6 80.3 51.7 58.2 64.6 7,8 47.0 
3°95 | 52.5 | 59.0 | 65.6 | 72.1 | 78.7 || 50.6 | 57.0 | 63.3 | 69.6 | 76.0 
3.30 51.4 57.9 64.3 70.7 re | 49.6 55.8 62.0 68.3 74.5 
3.35 50.5 56.8 63.1 69.4 45.7 48.7 54.7 60.8 66.9 73.0 
3:40 | 49.5 | 55.7 | 61.9 | 68.1 | 74.2 || 47.7 | 53.7 | 59.6 | 65.6 | 71.6 
3.45 | 48.6 | 54.6 "7 | 66.8 | 72.9 || 46.8 | 52.7 | 58.5 | 64.4 | 70.2 
3°50 | 47.7 | 53.6 | 59.6 | 65.6 | 71.5 || 45.9 | 51.7 | 57.4 | 63.1 | 68.9 
3.58 46.8 52.7 .5 | 64.4 70.2 45.1 50.7 56.3 62.0 | 67.6 
3.60 | 46.0 | 51.7 "5 | 63.2 | 68.9 || 44.2 | 49.8 | 55.3 | 60.8 | 66.4 
3°65 | 45.2 | 50.8 | 56.5 | 62.1 | 67.8 || 43.4 | 48.9 | 54.3 | 59.7 | 65.2 
3.70 44.4 49.9 is 61.0 66.6 42.7 48.0 53.3 58.7 64.0 
3.75 43.6 49.1 yi 60.0 65.4 41.9 47.2 52.4 bz .7 62.9 
3.80 42.9 48.2 .6 58.9 64.3 41.2 46.4 51.5 56.7 61.8 
3.85 | 42.2 | 47.4 "7 | 58.0 | 63.2 || 40.5 | 45.6 | 50.6 | 55.7 | 60.7 
3°90 | 41.5 | 46.7 | 51.8 | 57.0 | 62.2 || 39.8 | 44.8 | 49.8 | 54.7 | 59.7 
3.95 40.8 45.9 51.0 56.1 61.2 39.1 44.0 48.9 53.8 58.7 
4.00 40.1 45.2 50.2 55.2 60.2 38.5 43.3 48.1 52.9 57.8 
4.05 | 39.5 | 44.4 | 49.4 | 54.3 | 59.2 || 37.9 | 42.6 | 47.3 52.1 | 56.8 
4.10 38.9 43.7 48.6 53.5 58.3 37.3 41.9 | 46.6 51.2 55.9 
4.15 | 38.3 | 43.1 | 47.8 | 52.6 | 57.4 || 36.7 | 41.3 | 45.8 | 50.4 55.0 
4.20 | 37.7 | 42.4 | 47.1 | 51.8 | 56.5 || 36.1 | 40.6 | 45.1 | 49.6 | 54.2 
4.25 | 37.1 | 41.8 | 46.4 | 51.0 | 55.7 || 35.5 | 40.0 | 44.4 | 48.9 | 53.3 
4.30 | 36.6 | 41.1 | 45.7 | 50.3 | 54.8 || 35.0 | 39.4 | 43.7 | 48.1 | 52.5 
4.35 36.0 40.5 45.0 49.5 54.0 34.5 38.8 43.1 47.4 51.7 
4.40 35.5 39.9 44.4 48.8 53.2 34.0 38.2 42.4 46.7 50.9 
4.45 | 35.0 | 39.4 | 43.7 | 48.1 | 52.5 || 33.4 | 37.6 | 41.8 | 46.0 | 50.2 
4.50 34.5 38.8 43.1 47.4 61.7 33.0 37.1 41.2 45.3 49.4 
4.55 34.0 38.2 42.5 46.7 51.0 32.5 36.5 40.6 44.7 48.7 
4.60 33.5 o¢.d 41.9 46.1 50.3 32.0 36.0 40.0 44.0 48.0 
4.65 ao. i 37.2 41.3 45.4 49.6 31.6 35.5 39.5 43.4 47 3 
4.70 32.6 36.7 40.7 44.8 48.9 31.1 35.0 38.9 42.8 46.7 
4°75 32.2 | 36.2 40.2 | 44.2 | 48.2 | 30.7 | 34.5 | 38.4 | 42.2 46.0 
4.80 | 31.7 | 35.7 | 39.6'| 43.6 | 47.6 || 30.3 | 34.1 | 37.8 | 41.6 | 45.4 
4.85 31.3 36.2 39.1 43.0 46.9 29.9 33.6 37.3 41.1 44.8 
4.90 30.9 34.8 38.6 42.5 46.3 29.5 oo. 1 36.8 40.5 44.2 
4.95 30.5 34.3 38.1 41.9 45.7 29.1 32.7 36.3 40.0 43.6 
500 | 30.1 | 33.9 | 37.6 | 41.4 | 45.1 || 28.7 | 32.3 | 35.8 | 39.4 | 43.0 
5.10 29.3 33.0 36.7 40.3 44.0 27.9 31.4*| 34.9 38.4 41.9 
5.20 28.6 32.2 39.8 39.3 42.9 || 27.2 30.6 34.0 37.4 40.8 
5.30 | 27.9 | 31.4 | 34.9 | 38.4 | 41.9 || 26.6 | 29.9 | 33.2 | 36.6 | 39.8 
5.40 237.3 30.7 34.1 37.5 40.9 25.9 29.1 32.4 35.6 38.9 
§.50 26.6 29.9 33.3 36.6 39.9 25.3 28.5 31.6 34.8 27.9 
5.60 26.0 29.3 g2.2 35.8 39.0 24.7 27.8 30.9 34.0 37.0 
5 70 | 25.4 | 28.6 31.8 34.9 | 38.1 || 24.1 | 27.1 | 30.2 | 33.2 36.2 
5 80 | 24.9 | 28.0 | 31.1 | 34.2 | 37.3 || 23.6 | 26.6 | 29.5 | 32.4 | 35.4 
5.90 24.3 21.2 30.4 33.4 36.5 23.0 20.9 28.8 31.7 34.6 
6.00 23.8 26.8 29.7 32.7 35.7 || 22.5 25.4 28.2 31.0 33.8 
6.10 | 23.3 | 26.2 | 29.1 | 32.0 | 34.9 || 22.1 | 24.8 | 27.6 | 30.3 | 33.1 
6.20 | 22/8 | 25.7 | 28.5 | 31.4 | 34.2 || 21.6 | 24.3 | 27.0 | 29.7 | 32.4 
6.30 22.3 25.1 27.9 30.7 go.0 21.1 | 23.8 26.4 29.1 31.4 
6.40 21.9 24.6 27.4 30.1 32.8 20.7 | 23.3 25.9 28.5 a 
6.50 21.5 24.1 26.8 29.5 32.2 20.3 22.8 25.4 27.9 30.4 
6.60 21.0 23.7 26.3 28.9 31.6 19.9 22.4 24.8 27.3 29.8 
6.70 20.6 23 2 25.8 28.4 30.9 19.5 21.9 24.4 26.8 29 2 
6.80 | 20.2 | 22/8 | 25.3. 27.8 | 30.4) 19.1 | 21.5 | 23.9 | 26.3 | 28.7 
6.90 19.9 22.3 24.8 27.3 29.8 18.7 se | 23.4 25.8 28 ] 
7.00. 19.5 21.9 | 24.4 | 26.8 29.2} 18.4 | 20.7 | 23.0 | 25.3 27.6 
7.10 19.1 21.5 23.9 26.3 Za.7 18.1 20.3 22.6 24.8 27 ] 
7:90 | 18.8 | 21.2 | 23.5 25.9 28.2 17.7 | 19.9 | 22.2 | 24.4 26.6 
7.30 18.5 20.8 Zz. 1 25.4 27.7 17.4 19.6 21.8 23.9 26 1 
740 «18:2 20.4 | 22.7. 25.0 | 27.2! 17.1) 19.2 | 21.4 | 23.5 25.t 
7.50 17.8 20.1 22.3 24.5 26.8 16.8 18.9 21.0 Z3.1 25.2 
760 17.5 19.7. 21.9 24.1) 26.3 |, 16.5 | 18.6 | 20.6 | 22.7. 24 
7:70 17.2) 19.4 21.6 23.7 25.9) 16.2) 18.2 20.3 22.3 24: 
7720 17:0 19.1. 21.2 23.3 25.4, 15.9, 17.9 19.9 21.9 | 23.9 
790 16.7. 18:8 20.9 22.9 25.0) 15.7 17.6 19.6) 21.6 23./ 
8.00 | 16.4| 18.5 | 20.5 | 22.6 | 24.6 || 15.4 | 17.3 | 19.3 | 21.2 | 23.1 
the compression formulas will be more apparent, 
thus: 
pe x % — pr. 
and 


7. KX vf-* = 7,. 


Since the release pressure and temperature are de- 
termined by the explosion pressure and temperature, 
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however, the first form is the correct one for both 
formulas. Table 4 gives release pressures and Table 5 
gives release temperatures commonly obtained as re- 
sults of the explosion pressures and temperatures 
stated at the heads of the columns and the expansion 
ratios given in the side column of each table. These 


Table 5. Absolute Temperatures at Release 
CORRESPONDING TO EXPLOSION TEMPERATURES COMMONLY OBTAINED 
Note: 


The expansion ratio is based on the volume behind the piston when 


the exhaust valve begins to open. 
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sure during expansion and the average pressure during 
compression, if we ignore the small loop of the dia- 
gram due to the formation of a partial vacuum be- 
hind the piston during the suction stroke. This loop 
is usually so small in comparison with the work area of 
the diagram that it is not worth considering. 

















Ex- n. == 1.29 n. == 1.32 

pan= 

sion ne aaa aes - 
Ratio 7, — | T,—| T: Tx = | Tx Tx Tx Tx Tx T 
Te 1800 | 2100 | 2400 2700 3000 1800 2100 2400 2700 3000 
3.00 1309 | 1527 1963 2182 1266 1478 1689 1900) 2111 
3.05 1303 1520 1954 2i71 1260 1470 1680 1IS90) =. 2100 
3.10 1297 1513 1945 2161 1253 1462 1671 1880 2089 
3.15 1290 1505 1936 2151 1247 1455 1662 1870 2078 
3.20 1285 1499 1927 2141 1241 1447 1654 1861 2068 
3.25 1279 1492 1918 2131 1234 1440 1646 1852 2057 
3.30 1273 1485 39} 1910 | 2122 1228 1433 1638 1843 2047 
3.20 1268 1479 if 1902 2113 1223 } 1426 1630 1834 2088 
3.40 1262 | 1473 8: 1894 2104 1217 1420 1622 1825 2028 
3.45 1257 | 1466 57 1885 2095 1211 1413 | 1615 1817 2018 
3.50 1252 | 1460 OE 1878 2086 1205 | 1406 1607 1808 2009 
3.55 | 1246 | 1454 36% 1871 2077 1200 +1400 | 1600 1800) =.2000 
3.60 1241 | 1448 ay 1862 2069 1195 1394 1593 1792 1991 
3.65 1237 | 14438 46 1855 2061 1189 1388 1586 1784 1982 
3.70 1232 1437 | 164: 1848 2053 1184 1382 1579 1776 1974 
3.40 1227 | 1431 i 1840 2045 1179 1376 1572 1769 1965 
3.80 1222 | 1426 1833 | 2037 1174 1370) )=61566—s«1761 1957 
3.85 1218 1420 1826 2029 1169 1364 1559 1754 1949 
3.90 1213 | 1415 1819 2022 1164 1359 «15531747 1941 
3.95 1209 1410 1813 2014 1160 1353 1546 = 1740 1923 
4.00 1204 | 1405 1806 2007 1155 1348 1540 1733 1925 
4.05 1200 | 1400 1800 2000 1151 1342 1534 1726 1918 
4.10 1196 | 1395 1793 1993 1146 1337 1528 1719 1910 
4.15 1191 | 1390 1787 1986 1142 | 13382 1522 1712 1903 
4.20 1187 | 1385 1781 1978 1137 1327 1516 1706 1895 
4.25 1183 | 1380 1775 1972 1133 1322 1510 1699 1888 
1.30 1179 | 1376 1769 1965 1129 1317 1505 1693 1881 
4.33 1175 | 1371 1763 1959 1124 1312 1499 1687 1874 
4.40 1171 | 1366 1757 1952 1120 1307 1494 1681 1867 
4.45 1167 1362 1751 1946 1116 1302 1488 1675 1861 
$50 1164 1358 1746 1940 1112 1298 1483 1668 1854 
1.55 1160 | 1353 | 1740 1933 1108 1295 1478 1663 1847 
+. 60 1156 | 1349 1734 1927 1105 1289 1473 1657 1841 
1.65 1158 | 1345 | 1729 1921 1101 1284 1468 1651 1835 
4.70 1149 | 1341 1724 1915 1097 1280 1463 1645 1828 
41.75 | 1146 | 1337 1719 1910 1093 | 1275 | 1458 1640 | 1822 
4.80 1142 | 1332 | 1713 1904 1090 1271 1453 1634 1816 
1.85 1139 | 1328 1708 | 1898 1086 | 1267 1448 1629 | 1810 
$.90 | 1135 | 1324 1703 | 1892 1082 | 1263 | 1443 1624 | 1804 
1.95 1132 | 1321 1698 1887 1079 1259 1439 1618 1798 
5.00 1129 | 1317 | 1693 1881 1075 1255 143 1613 1792 
9.10 | 1122 | 1309 | 1683 | 1870 1069 | 1247 | 1425 =1603 | 1781 
2.20 1116 | 1302 | 1674 1860 1062 1239 1416 1598 1770 
5.30 1110 | 1295 1665 1850 1056 1232 1407 1583 1759 
9.40 1104 | 1288 1656 1840 1049 122A 1399 1574 1749 
5.50 | 1098 | 1281 | 1647 1830 1043 | 1217 | 1391 1565 | 1739 
>. 60 1092 | 1274 1638 1820 1037 | 1210 1383 1556 1729 
5.70 | 1087 | 1268 | 1630 1811 1031 1203) 13875) )=1547 | 1719 
1.80 1081 | 1261 | 1622 1802 1026 1197 1367 1538 17C9 
1.90 1076 1255 1614 1793 1020 1190 1360 1530 1700 
6.00 1070 1249 1606 1784 1015 1184 1353 1522 1691 
6.10 1065 | 1243 1598 1776 1009 1177 1346 1514 1682 
6.20 1060 1237 1591 1767 1004 1171 1339 1506 1673 
6.30 1056 1231 1583 1759 999 | 1165 1332 1498 1665 
6.40 1051 1226 | 1576 1751 994 1159 1325 1491 1651 
6.50 | 1046 | 1220 | 1569 | 1743 989 | 1154 1318 1483 | 1648 
6.60 1041 1215 1562 1736 984 | 1148 1312 1476 1640 
6.70 1037 1210 1555 1728 979 | 1148 1306 1469 | 16232 
6.80 1032 1204 ‘ 1549 1721 975 1137 1300 1462 1625 
6.90 1028 1199 | 1: 1542 1713 970 1132 1294 1455 1617 
7.00 1024 1194 | 1: 1536 1706 966 | 1127 1288 1449 1610 
7.10 1020 1189 ‘ 1529 1699 961 | 1122 1282 1442 1602 
7.20 1015 1185 1523 1692 957 | 1117 1276 1436 1595 
7.30 1011 | 1180 ¢ 1517 1686 953 | 1112 1270 1429 1588 
7.40 1007 | 1175 7 1511 1679 949 1107 1265 1423 | 1581 
7.50 1003 | 1171 | 1: 1505 1672 945 1102 1259 1417 | 1574 
7.60 1000 | 1166 | < 1499 1666 941 1097 1254 1411 | 1568 
4.90 996 | 1162 | 1: 1494 1660 937 1098 1249 1405 1561 
7.80 992 1157 | 1: 1488 1654 933 | 1088 1244 1399 1555 
7.90 988 | 1153 | 1: 1483 | 1647 929 | 1084 ; 1239 1394 | 1548 
S00 985 | 1149 | 1: 1477 1641 925 1079 1234 1288 1542 

| | | 
tables are based on values of 1.29 and 1.32 for the 





exponent m of the expansion curve. 


MEAN EFFECTIVE PRESSURE 


The mean effective pressure of a complete four- 
stroke cycle is the difference between the average pres- 











Table 6. Probable Mean Effective Pressures 
gins cael ’ . 
; Engine Cumpression Pressure, Pounds per Squ:re Inch, A‘ solute 
Fuel IL P. — ; - - 
65 75 85 | 100 115 | 120 | 145 | 160 
ES Pier rr eae 55 PP Bcavtclavcas 
A ORS. re 55 60 oy er 
Suction __ 7 ERS pAOSe Pe 60 65 70 2 
Anthracite 50 : ied 65 70 75 80 80 
Producer 100 nae sos ae 75 80 85 85 
Gas 250 75 80 85 90 90 
500 80 85 | 90 90 90 
DS en ene yt et ee ae 
PS Peres Bere eee 65 65 oe To aoe 
Taylor 25 60 65 65 70 75 
Producer 50 65 70 70 75 | 80 
Gas 100 65 70 75 80 RS 
250 ee reas, Peer a 70 75 80 85 90 
500 <7 75 80 85 90 90 
5 60 65 70 70 
10 60 65 70 75 
Natural 25 65 70 75 80 &5 
ane 50 70 75 80 90 90 
Hiluminating Gases 100 75 80 85 90 95 100 
250 80 &5 90 95 100. 105 
500 95 | 100 105) 110 
5 50 55 60 65 70 
Kerosene ! 10 55 60 65 70 75 
Spray 25 60 65 70 7 80 
50 65 70 75 80 R85 
5 70 73 SO S85 
Gasolene 10 15 80 &5 90 
Vanor 25 80 85 90 90 
50 85 90 95 95 


In the two-stroke diagram there is no negative loop, 
but the mean effective pressure of the pump diagram 
should be subtracted from that of the work diagram 
to get at the true mean effective pressure of the cycle. 
As the pump delivery pressure is usually from 4 to 6 
pounds above the atmosphere, the mean effective pres- 
sure of the pump diagram is not negligible. 

Since the mean effective pressure of the power dia- 
gram depends on the mean pressures of the two curves 
and both of these involve many uncertainties, it is im- 
possible to calculate the mean effective pressure with 
as close an approach to accuracy as can be done for a 
steam engine. The most one can do is to assume av- 
erage conditions and base the estimate of mean ef- 
fective pressure, or of the horse-power which it pro- 
duces, on those conditions. Even then, it is neces- 
sary to know just what quality of gas or oil will be 
used and what the proportion of air to gas or to oil 
vapor is going to be, in order to make the roughest 
estimate of the mean effective pressure or the horse- 
power. Table 6 gives average mean effective pres- 
sures for engines of different sizes, working with com- 
pression pressures of 65 to 160 pounds, absolute, and 
different classes of fuel, the most effective mixture 


of fuel and air being assumed. 


These figures are 
merely a rough general guide; the actual mean effec- 
tive pressure obtained with any combination of the 
stated conditions might be considerably higher or very 
much lower than the pressure value given in the 
table. 
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COOLING AND HEAT LOSS 


As explained in the discussion of combustion pres- 
sures and temperatures, the maximum absolute tem- 
perature of the gases in a gas-engine cylinder may be 
as high as 3000 degrees, and is ordinarly around 2300 
to 2500 degrees; a thermometric temperature of 2000 
degrees is quite common. A moment’s reflection will 
convince the reader that if the cylinder walls were al- 
lowed to reach any such temperature operation would 
be impossible. Lubricating oil would be instantly de- 
composed, and, even disregarding the effect of the 
heat upon the iron itself, the piston would soon jam 
by lack of lubrication. 

In order to make it possible for such enormous tem- 
peratures to exist intermitently in the cylinder with- 
out preventing operation, the escape of heat through 
the cylinder walls is assisted by jacketing the cylinder 
and passing water through the jacket continuously. 
Reference to Figs. 1, 2 and 4 will show that the cylin- 
ders illustrated are provided with double walls; the 
outer of these walls constitutes the water-jacket. In 
Fig. 1 the water in the jacket is also represented. 

The water is usually admitted to the jacket of a 
horizontal engine at the bottom and near the combus- 
tion end of the cylinder, and is discharged at the top 
near the outer end of the piston travel. The object of 
this arrangement is to apply the coldest water at the 
hottest part of the cylinder wall, which is that part 
surrounding the clearance space, where combustion 
Moreover, as the. water becomes heated it 
tends to rise, and this tendency is assisted by putting 


occurs. 
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FIG. II. COOLING SYSTEM WITH PUMP 


the entrance at the bottom and the exit at the top of 
the jacket. 

The circulating water, or jacket water, as it is com- 
monly called, usually carries away from one-third to 
one-half of the heat liberated by the combustion of the 
gases in the cylinder. The ideal operation would be 
to proportion the water flow so that the amount of 
heat taken away will be just sufficient to keep the sur- 
face temperature of the cylinder walls and piston be- 
l6w the point at which the lubricating oil will burn 
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or decompose. Of course, the temperature of the cyl- 
inder-wall surface cannot be measured directly, but an 
experienced engine runner can judge pretty well as to 
how the heat inside is affecting the cylinder-oil by 
watching the exhaust and listening to the working of 
the piston. 

The faster the water passes through the jacket, the 
more heat will it take away and the lower will be the 
temperature of the water at the point of discharge, if 


the initial temperature remains unchanged: or, at a 
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FIG. 12. COOLING SYSTEM WITHOUT PUMP 
given rate of flow, and a given quantity of heat taken 
out per minute or per hour, the discharge tempera- 
ture will depend entirely on the temperature of the 
water as it enters the jacket. Consequently, no hard- 
and-fast rule can be laid down as to the temperature 
which the water should show as it emerges from the 
jacket. Ordinarily, this temperature is from 50 to 
100 degrees above the temperature at which the water 
entered the jacket. 

As a rule, the cooling water is pumped through the 
jacket, then cooled off and returned to the pump by 
gravity to be forced through again. Such an ar- 
rangement is illustrated elementarily in Fig. 11. In 
the case of a small engine, however, it is often un- 
necessary to use a pump. The heating of the water 
produces a circulation sufficient to keep the tempera- 
ture within bounds. An elementary arrangement of 
this sort is illustrated in Fig. 12. In both illustrations 
the arrows indicate the course of the cooling water. 
In Fig. 12 it will be noticed that the delivery pipe a, 
leading from the water jacket of the engine to the 
cooling tank, enters the tank below the water level. 
This is necessary in order that the hight of water in 
the tank may be equal to the hight of water in the 
vertical pipe and engine jacket, up to the connecting 
pipe a. The water in the tank is cooler than that in 
the vertical pipe and engine jacket, and therefore 
heavier ; consequently, it forces the hot water upward 
and out of the pipe a. The level in the tank does not 
need to be greatly higher than the outlet of the pipe 
a; it is wise, however, to keep it several inches above 
the outlet of the pipe in order that evaporation of 
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water may not bring the level down far enough to 
stop the circulation before it is noticed. In order to 
prevent air-locks and to allow any water vapor to es- 
cape without going into the tank, a vent b is provided. 
The cocks ¢ and ¢ are for the purpose of shutting off 
the tank whenever it may be necessary to disconnect 
the circulating pipes and thereby avoiding the empty- 
ing of the tank. The valve d is to drain all the water 
from the engine jacket and the connecting pipes when 
the engine is to be shut down in very cold weather; 
then the cocks c and ¢ are closed, of course. 

In some small engines the excess heat is disposed of 
by means of thin flanges on the outside of the cylin- 
der, which is made with a single wall, of course; the 
heat is radiated from these flanges to the surrounding 


‘Ribs 
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FIG. 13. A VERTICAL AIR-COOLED ENGINE 
air and carried away by the natural air currents or by 
a stronger draft produced by a fan blowing against 
the cylinder. Fig. 13 is a sectional view of a small 
vertical engine of this type. Air cooling has been 
found impractical with cylinders of more than 5 inches 
diameter of bore, and the usual limit is 4 inches. 
Double-acting engines are always provided with hol- 
low pistons of the short type and hollow piston-rods 
ind tail-rods, and cooling water is forced through 
these as well as the cylinder jackets. This is neces- 
sary because both ends of the cylinder are closed and 
xplosions occur in both ends; consequently, there is 
0 opportunity to radiate any heat to the outer air from 
the piston, and the number of explosions per revolu- 
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tion of the crank-shaft is twice as great as in the sin- 
gle-acting engine, giving twice the quantity of heat to 
be got out of the cylinder per revolution. Fig. 14 il- 
lustrates this construction of piston and rods, and the 
cylinder construction of a well-known German double- 
acting engine. The spaces marked J are all connected 


Inlet Valve Chamber Inlet Valve Chamber; 


















































‘Exhaust 
FIG. I4. CYLINDER AND PISTON OF A DOUBLE-ACTING ENGINE 
together and constitute the water jacket of the cylin- 
der. The inlet and exhaust valves are omitted in or- 
der to simplify the drawing. 


VALVES AND VALVE-GEAR 


The inlet and exhaust valves used in gas and oil 
engines are of the poppet type 
the high temperatures to which 
seats are subjected make the use of sliding valves im- 
practicable. Since it is impossible to connect the stem 
of a poppet valve rigidly with the valve-gear and ad- 


for the reason that 
the valve faces and 
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FIG. 15. INLET AND EXHAUST VALVES ; EXHAUST-VALVE 


ROCKER-ARM AND PUSH-ROD 


just the connection so as to seat the valve accurately 
when it is closed, it is the universal practice to mount 
the valve in a “cage” which carries a guide for the 
valve-stem, provide a spring which will constantly 
press the valve toward its seat and arrange the valve- 
gear so that a push-rod or the end of a lever will 
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press against the outer end of the valve-stem at the 
proper moment and lift the valve from its seat. This 
sort of construction is illustrated in Fig. 15, where £ 
indicates the exhaust valve and J the inlet valve. The 
exhaust valve is opened by the rocker-arm A when 
the long end of the arm is pushed back by the valve- 
rod, the latter being moved by a cam not shown in 
the drawing. When the cam releases the unseen end of 
the valve-rod, the spring s slides the rod back away 
from the rocker-arm A and the heavier spring S$ 
presses the valve back to its seat. In this engine, the 
inlet valve J is of the “automatic” type; it is held on 
its seat by a weak spring and when the piston moves 
forward on the suction stroke, forming a partial 
vacuum behind it, the pressure of the atmosphere opens 
the valve. 

The valve-rod, in the case of the exhaust valve il- 
lustrated in Fig. 15, is pushed to the left by a rocker- 
arm and cam arranged as shown in Fig. 16. The shaft 
on which the cam is mounted is driven by gears from 
the crank-shaft of the engine, which works on the 








FIG. 16. CAM, ROCKER AND PUSH-ROD 
four-stroke cycle; as the exhaust valve is to be opened 
only once every two revolutions of the crank-shaft. 
the cam-shaft is geared down to one-half the speed 
of the crank-shaft. (This is true of the valve-gear 
shaft of every four-stroke-cycle engine.) The ends of 
the valve-rod in Fig. 15 are provided with hardened 
steel buffer pins, as indicated at a, Fig. 16, and the 
rocker-arms are fitted with corresponding hardened 
steel plates, as at b. The rocker-arm B is also pro- 
vided with a hardened roller r against which the cam 
C presses in opening the valve; the object, of course, 
is to reduce the friction as much as possible. This is 
only one of many forms of valve-operating mechanism, 
but nearly all are based on the general principles em- 
bodied in the form shown. 

Some large engines are equipped with eccentrics 
instead of cams on the half-speed shaft, but some form 
of cam is interposed between the eccentric-rod and 
the valve-stem, as a rule. Fig. 17 illustrates a valve- 
gear of this class; this gear is used on the double-act- 
ing engine of which the cylinder and piston are shown 
in Fig. 14. The motion of each eccentric-rod is trans- 
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mitted to its valve-stem by a pair of “wiper cams.” 
In the drawing, the valve-gear is shown in that posi- 
tion where the inlet wiper cams are farthest apart and 
the exhaust wipers are just about to open the valve. 
This mechanism has the advantage of opening the 
valves and allowing them to close without serious 
shock or pounding. When the wiper cams first en- 
gage, the leverage is all in favor of the eccentric-rod 
cam, which is moving much faster at its tip than the 








FIG, 217. 


ECCENTRIC AND WIPER-CAM VALVE-GEAR 


valve-stem cam first moves at its tip; consequently, 
the valve is started from its seat very slowly and the 
pressure against the valve mechanism beyond the wi- 
pers is much less than if a direct cam movement were 
employed as in Fig. 16. After the valve is off its seat, 
and the pressure on its disk relieved, its motion be- 
comes quicker with relation to that of the eccentric- 
rod and it reaches the “full open” position very quick- 
ly. In closing, the reverse relations are true; the lev- 
erage is in favor of the valve-stem, and the valve 
begins to close rapidly. As it nears its seat, the lever- 
age having shifted back again, its motion is retarded 
so that when it is finally released by the cams it is 
seated with the force due to the elasticity of its 
spring only, instead of having high momentum to in- 
crease the seating force. 


To be continued 
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Inquiries 


Questions are not answered unless they are 
of general interest and are accompanied by 
the name and address of the inquirer. 








Best Method of Firing Wood 


I should be glad to learn from men hav- 
ing experience in firing return-tubular 
boilers with wood the best method of set- 
ting such boilers for this fuel, and the best 
way of firing them. The wood to be used 
is at times good straight pine, 3 to 4 feet, 
and at times a crooked scrub oak, which 
seems to give very poor results, especially 
if wet. Sometimes a mixture of pine and 
oak is used, which seems to do better than 
either. How about the grate area—does 
not wood require less than coal? Is there 
any advantage in tapering the sides of the 
tire-box, making it wider at the top, so 
that crooked wood will tend to press to- 
cether as it falls, and leave fewer holes 
in the fire? 

How about regulating the quantity of 
air taken through ash-pit doors—is it ad- 
visable, for shut these 
doors partially after the wood has caught, 
as some maintain? In fact, I should be glad 
to learn everything possible about the best 
way of handling such fuel under boilers, in 
order to get good results and keep the 
wood bill down. The native (Mexican) 
firemen are very hard to teach, and when 
wood is poor or a little wet, keeping up 
steam in the mountains is sometimes a 
serious matter. 


best results, to 


W. H. U. 


Cordwood can be burned on an ordinary 
coal grate, but it is better to lower the 
erate bars a few inches in order to get 
room for the wood. Wood firing is very 
hard work, and the wood cannot be sup- 
plied to the furnace continuously. This 
necessitates providing what might be con- 
sidered storage space for the fuel. With 
the exception of lowering the grates, it is 
not necessary to make any change in the 
boiler setting. The decreased hight of the 
ash-pit has no bad effect, since clean wood 
contains only about % of 1 per cent. of 
ash. Furnaces can be run for a week at a 
time without cleaning out the pits. Wet 
wood always gives poorer results. The 
crooked scrub oak referred to we judge to 
he smaller in diameter and composed of 
whole sections of trees or limbs of trees. 
lf this is the case, then the percentage of 
bark is high. Bark is low in heating value 
and high in ash. The crookedness of the 
sticks would prevent close piling and 
would make a strong steady fire impossible 
with any reasonable amount of exertion 
from the fireman. Oak makes a hot last- 
ng fire and should give good results when 
used together with ordinary good fuel 
wood, especially if the fire is kept well 
poked down and compact. 

Wood requires less draft than coal, and 
more wood may be burned per square foot 
of wrate surface than the equivalent in 
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coal, This is true whether we consider an 
equivalent weight of coal or an equivalent 
heating value in coal. Commonly, how- 
ever, the grate area is not reduced, since 
it is desired, from an operating standpoint, 
to get all the room possible for the fuel 
in order to avoid the necessity of firing al- 
most continuously. 

If the made especially 
wide at the level of the fire doors, so as 
to get a maximum space for fuel while 
contracting the grate area, there would be 
some advantage with a smaller grate area, 
for burning a stated amount of fuel, since 
the excess air supply could be more easily 
kept down. This would involve a special 
boiler setting. The tapered sides of the 
fire-box could not be depended upon to 
compact the fuel to any great extent. A 
reduction in grate area from the standard 
ordinary width of fire-box at the fire-door 
level would be bad, as it would decrease 
the fuel space. 


fire-box were 


Wood requires much less 
air for combustion than coal. 

Chemically, wood is a fuel rich in 
oxygen, so rich that the hydrogen present 
is often entirely in 


oxygen as water. 


with 
Even when this is not 
the case, the available hydrogen is very 
small in amount. 


combination 


When the oxygen is in 
excess of the amount necessary for com 
bination with hydrogen, it serves itself as 
a supporter of combustion, thus decreas 
ing the amount of air to be supplied. The 
heating value of the wood is therefore 
practically that of the carbon alone, and 
the necessary air is sometimes only half 
of that necessary to be supplied for an 
equivalent weight of coal. Since the heat 
ing value of the wood is itself about half 
that of coal, the temperature of the fur 
nace with wood and a properly controlled 
air supply is about the same as with coal. 
Or1 the heat generated by the wood, a por 
tion is transmitted into steam in the boiler, 
and another portion escapes at the stack 
The amount of loss to the stack depends 
upon the temperature of the gases as they 
leave the boiler and the amount of these 
gases. The greater the amount of gas the 
greater the loss to the stack, and since the 
gas is made up of the fuel itself, plus the 
air supplied, any excess of air supplied 
over that which is just necessary for com- 
bustion, results in a serious loss. 

The ash-pit door should be kept nearly 
closed at all times, and the air supply 
should be especially decreased just before 
firing when the wood on the grate has 
The best 
results are obtained by carrying a very 


heen pretty well burned down. 


light draft and closing the ash-pit doors as 
closely as the quality of the wood may 
permit. With very poor fuel it is some- 
times difficult to get combustion with as 
low a draft as is desirable. The best way 
to burn low-grade fuel is to put it through 
a “hog” and use a mechanical system for 
firing the chips in a separate combustion 
chamber. 
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An Idea for a Perpetual-motion Machine 


The accompanying crude sketch shows 
an idea for a perpetual-motion machine 
to work under water. Is it any good? 
The arms of the wheel (marked B) are 
air tubes; the parts marked A are iron 
weights attached to collapsible floats on 
the ends of the tubes. As will be seen, 
the floats are of the bellows pattern. Of 
course, the weights are of a size, so they 
The idea 
| have in mind is that as the floats on one 
side are expanded not only by the down- 
ward pull of the weights, but also by the 
in-rush of air occasioned by the compres 
sion of the floats on the other side, the 


will counterbalance each other. 


displacement on the former will be greater 
than on the latter, therefore why will it 
not run continuously ? 

which 


The perpetual-motion machine 
i 


vou illustrate will not work, because the 
head of water will oppose the opening of 
the collapsible float with precisely the 
same force that the buoyancy will tend to 
raise it. You can find this type of per 
petual motor and many other types illus- 





















trated and described in a book, entitled 
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IDEA FOR PERPETUAL-MOTION MACHINE 


“Perpetuum Mobile,” by Henry Dircks. 
which you can probably consult in your 


public library. 





Bulletin No. 15, of the engineering ex 
periment station, University of 
on “How to Burn Illinois Coal without 
Smoke,” by L. P. Breckenridge, director, 
has just been issued. A few pages are 
devoted to the principles of combustion 
and the losses due to smoking chimneys, 
but the larger part of the bulletin relates 
to the constructive features of those boiler 
settings and furnaces that have been 
found practically smokeless in operation 
at the power plant and in the experiment 
station. Emphasis is given to the im 
portance of knowing the rate at which the 
coal is to burned on square foot 
of grate surface, together with the per 
cent. of volatile combustible 
coal contains and for 


Illinois, 


each 


which the 
which a _ suitable 


combustion space must be provided. 
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Water-tube Boiler Tests 





Recently there came to hand the results, 
shown in the accompanying table, of two 
tests made by Prof. William Kent to de- 
termine the capacity and economy of a 
335-horse-power Rust water-tube boiler. 
Professor Kent says that the efficiency re- 
sults are within 3 per cent. of the highest 
thi‘ are theoretically possible with Pitts- 
burg coal in any boiler fitted with any 
kind of stoker, and not provided with an 
economizer. Excerpts from Professor 
Kent’s report follow: 

The coal was of the quality regularly 
used in the works and was delivered from 
an overhead bin in the boiler house to a 
temporary platform erected at the level 
of the top of the hopper. It may be classed 
as crushed run-of-mine, and contained 
lumps of all sizes from three-inch cube 
down to fine slack. The quality differed 
on the two days, according to the chemical 
analysis, the heating value per pound com- 
bustible being 15,161 B.t.u. on December 
21, the day of the capacity test, and 15,564 
B.t.u. per pound on December 22, the 
latter coal approaching closely to semi- 
bituminous, which ranges between 15,600 
and 16,000 B.t.u. 

The draft was regulated by a damper 
in the flue leading to the stack, it being 
kept wide open during the day of the 
capacity test, and fixed at less than half 
opening during the economy test; the draft 
in the stack remained nearly constant at 
about I to 1.1 inches on both days. The 
draft in the flue behind the damper ranged 
from 0.65 to 0.78 inch, averaging 0.72, in 
the capacity test, and from 0.25 to 0.37 
inch, averaging 0.32 inch, in the economy 
test. The draft in the furnace ranged 
from 0.24 to 0.41, averaging 0.34 inch, in 
the capacity test, and from 0.08 to 0.23, 
averaging 0.17 inch, in the economy test. 
The difference between the furnace and 
flue gas ranged in the capacity test from 
0.30 to 0.48, averaging 0.38 inch, and in 
the economy test from 0.10 to 0.18, aver- 
aging 0.15 inch. 

A study of the conditions of draft in 
the furnace and flue as shown by a mul- 
tiplying draft gage may be of considerable 
service in leading to improving both the 
capacity and the economy of a boiler plant. 
The draft in the stack, the atmospheric 
pressure under the grates, and the resist- 
ance to the passage of gas through the 
boiler structure are all nearly constant 
for a given boiler. The principal variable 
condition is the resistance offered by the 
coal on the grate, and this condition is 
indicated by the reading of the two draft 
gages at the furnace and at the flue be- 
tween the boiler and the damper. When 
the difference between the reading is 
smaller than normal it indicates that a 
small quantity of gas is passing through 
the boiler structure, which may be due to 
a choked grate, and this indication is con- 
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firmed if the draft in the furnace is higher 
than normal. If the difference is greater 
than normal and the draft in the furnace 
is light, there is too thin a bed of coal 
on the grate, or on part of it, and an 
excessive quantity of air is passing in to 
the furnace. 

The tests bring out forcibly the advan- 
tage afforded by a high stack, giving a 
strong draft which may be controlled by 
a damper. When the furnace is choked 
with too thick a bed of coal or ashes the 
draft in the furnace automatically in- 
creases, tending to pull the proper quan- 
tity of air through the fire, provided there 
is sufficient draft at the stack available. 


January 14, 1908. 


Electric Power from Wind 
Motors 





Con.-Gen. Richard Guenther, of Frank- 
fort, Germany, writes that in Denmark 
the use of wind motors as power gen- 
erators has increased greatly. He says: 

“Since 1897 the Danish government has 
contributed about $28,000 for equipments, 
and has even lately erected an experi- 
mental station at Askoc. A_ technical 
writer describes these experiments, which 
were made on the initiative of the Danish 
government, and also some of the elec- 
tric works in Denmark which ‘generate 








DATA AND RESULTS OF EVAPORATIVE TESTS ON THE RUST WATER-TUBE 


Made by William Kent at Pittsbur; be 


BOILER. 
Penn., on December 21 and 22, 1906. Kind of 
Kind of furnace, Roney stoker. Method of 


fuel, Pittsburg bituminous coal, No. 3 
starting and stopping the test, conaine. 
surface, 3350 square feet. 


Grate surface, 68 square o— 
(Short form of report adopted by the A. S. 


Water-heating 
D.) 

















| To Determine | To Determine 
| Capacity. Economy. 
TOTAL QUANTITIES. 
hs) MUNRO sare a gains acs. c.cneeiiedsass, cose «ssbaas cea deoanausebaceeas | Dec. 21,1906 | Dec. 22, 1906 
DB, - DUPRSAOM OF GHIA), DOUG ococi s, ccccvcrcccevccccesccesccceceeecce 6ss00 8.0 10.0 
BS. “WOME CL CORE OS BIS, Te occiccccciccccdiccccccecccccescccccesscces sees 21,310.0 11,850.0 
4. Percentage of moisture in coal, per CONt............. ec ceeeeecceees 3.0 P 2.47 
G.. Dobal Waist OF Gry COM] COMSUMIOM, TR oo .c.o.o.c.cicc cccscccesscees -cecies 20,671.0 11,567.0 
ee) eI OI on on ccaacce sckcaunsebenaeaeeessiesenecenael 2,747.0 1,620.0 
7. Percentage of ash and refuse in dry coal, per cent........ ...seeeee 13.29 14.01 
8. Total weight of water fed to the boiler, Ib............. cee cece eee eeee 160,418.0 100,079.0 
9. Water actually evaporated, corrected for moisture or superheat 
in the eteam, ID... .....cccc0ees iGiaudeusnces -caikaeackeae-4 shaniae cee 159,087.0 99,379.0 
i ee Oe NO ai i iionkicpeacncamncea dnc oaccscudnnnwaaes eaama _ 1.2235 1.2227 
10. Equivalent water evaporated into dry steam from and at 212°, Ib..| -194,643.0 121,511.0 
HOURLY QUANTITIES. 
11. Dry coal consumed per hour, Ib..... PASMAA eens wa ara re mieeae | 2,583.9 1,156.7 
12. Dry coal per square foot of grate surface per hour, Ib........... aan 38.0 17.01 
13. Water evaporated per hour, corrected for quality of steam, Ib...... 19,886.0 9,937.9 
14. Equivalent evaporation per hour from and at 212°, lb.. ide 24,330.0 12,151.1 
15. Equivalent evaporation per hour from and at 212 20° per square foot 
Water heating SUPIACE, ID.......060cccccccesssees picesaeeisscenaelcneem.s% 7.26 3.63 
AVERAGE PRESSURES, TEMPERATURES, ETC. 
16. Steam pressure by gage (corrected), Ib. per sq. IM.... 22... eee eee eee 137.0 132.0 
17. Temperature of feed-water entering boiler, degrees................ 42.0 42.0 
18. Temperature of escaping gases from boiler, degrees................ 718.0 503.0 
18a. Force of draft at base of stack, in. Of WAtOEr.......ccceeeseeceeeeeeecs 1.05 1.1 
19. Force of draft between damper and boiler, in. of water..-.--....... 0.72 0.32 
19a. Force of draft over fire, in. of water............ Sckaawnee washer eee 0.34 0.17 
19b. Force of draft in ash-pit, im. Of WAtETr .......2. scccccccce coccccsccc] | ceeeee |  — cesece 
20. Percentage of moisture in steam, or number of degrees of super- 
MUNI 656s0.000000444006000 PREETI Oe itachenakesehan’ SR 0.83 0.70 
HORSE-POWER. 
21. Horse-power developed (Item 14 -+ 344), D.p.......ceeee cece cence ee 705.2 352.2 
SUS NE IE I a 0 50-5.46:0 6:66 0 0:00:6015040008060.0000000% 335.0 335.0 
23. Percentage of builders’ rated horse-power developed, per cent..... 210.5 105.1 
ECONOMIC RESULTS. 
24. Water apparently evaporated under actual conditions per Ib. of 
PS I Bi 08.554 ssaccestbebnddcheebatektabeesis Sbbnbadeasenecies 7.528 8.445 
25. Equivalent evaporation from and at 212° per Ib. of coal as fired, Ib. 9.134 10.254 
26. Equivalent evaporation from and at 212° per Ib. of dry coal, Ib..... 9.416 10.505 
27. Equivalent evaporation from and at 212° per Ib. of combustible, Ib. 10.859 12.216 
EFFICIENCY. 
28. Calorific value of the dry coal por ID., B.t.......cccccccccccccccscces 13,202.0 13,428.0 
29. Calorific value of the combustible per Ib., B.t.u............. 62.0. 15,161.0 15,554.0 
30. Efficiency of the boiler (based on combustible), DE CRG 50:6 i000: 69.17 75.85 
31. Efficiency of boiler, a grate noua on dry coal), per cent. 68.88 75.55 
When the fire is thinner than normal the electricity by means of wind motors. 


furnace draft automatically reduces and 
the draft in the flue also reduces, as shown 
in the latter part of the economy test, and 
the rate of burning becomes normal. 





Personal 


C. E. Beck, who has been assistant man- 
ager and engineer of the Sargent Engi- 
neering Company, will succeed, as manager 
of the company, C. E. Sargent, who has 
resigned to take charge ‘of the gas-engine 
department of the Wisconsin Engine 
Company, Corliss, Wis. 


According to his statements, motors with 
four wings have given the best results, 
as a smaller number of wings does not 
fully utilize the wind power, while a 
larger number acts detrimentally upon tlic 
wind current between the wings. 

“If a medium large wind motor is used 
with a wing surface of about 48 square 
meters (I square meter = 10.764 square 
feet), 8 horse-power is obtained at a wind 
velocity of 6 meters a second (1 meter = 
3.28 feet). Ata velocity of 8 meters the 
horse-power is more than doubled. A 
wind with a velocity of 8 meters a second 
is no rarity.” 
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Gas-engine Equipment of a Rolling Mil 


‘How Gas Engines Are Successfully Operated on Blast-furnace Gas, 


-OW ER 






in Parallel with Steam-driven Units, in a Large Tube Mill 





The gas-power plant of the National 
Tube Company’s McKeesport (Penn.) 
mills is an excellent example of the abil- 
ity of the latest types of gas engine to 
take hard knocks and keep right on run- 
ning. The gas-engine equipment at pres- 
ent consists of one twin-tandem double- 
acting Allis-Chalmers engine, with cylin- 
ders 32 inches in diameter by 42 inches 
stroke. This engine drives a Crocker- 
Wheeler direct-current generator of 1040 
kilowatts rating, which is operated in par- 








ers, as indicated by the lay-out diagram, 
Fig. 4. From the second limb of the U- 
tube the gas passes to another Zschocke 
washer, from which it passes through a 
Theisen rotary washer to the holder. The 
‘Theisen washer is driven by a 300-horse 
power direct-current motor. The Zschocke 
washers are merely spray towers some- 
what similar to the checkerboard wet 
scrubbers generally used in connection 
with producer plants. The gas-cleansing 
plant has a capacity for gas equivalent to 


large tandem construction, running on 
guides between the cylinders and behind 
the rear cylinder, in addition to the main 
crosshead. 

There are two inlet valves to each com- 
bustion chamber, one for air and one for 
gas, but both are mounted in a single 
cage. The air valve is of the piston type 
and the gas valve is of the poppet type, 
its axis being in line with that of the air 
valve. The latter is opened at the begin- 
ning of the suction stroke and kept open 














FIG. I. TWIN TANDEM GAS ENGINE AND GENERATOR AT MCKEESPORY 


allel with several steam-driven generators 
on the general bus-bars. Another unit of 
the same size is to be installed as soon as 
p issible. 
The engine runs on blast-furnace gas of 
So to 90 B.t.u. per cubic foot, which is 
eansed with unusual thoroughness. From 
furnaces the gas passes into a dry 
ntrifugal dust-catcher 35 feet in diam- 
thence to a second dust-catcher 
ctly like the first; thence to two 
hocke washers in parallel, and from 
into a long U-tube. As other en- 
s are added, Zschocke washers will be 
d in parallel with the present wash- 


5000 kilowatts output at the switchboard, 
and as the present engine equipment is 
only 2000 kilowatts, the gas is now exces- 
sively clean, the dust content at the engine 
being about 0.02 gram per cubic foot. 


THE ENGINE 

The engine is of the side-crank type so 
generally used in steam-engine construc- 
tion. The pistons are supported entirely 
by the piston-rods, which are turned with 
sufficient camber to make them dead 
straight when the weight of the pistons is 
put on them. The rods are equipped with 


intermediate and tail shoes, as usual with 





throughout that stroke. The gas valve, 
however, is open during varying propor- 
tions of the suction stroke, according to 
the requirements of the load. The en- 
gine, therefore, operates with constant 
compression and varying mixture propor- 
tions. The compression pressure is about 
180 pounds per square inch, absolute. 
The ignition is by make-and-break 
mechanism electrically operated; that is, 
the movable electrode is rocked by means 
of an electromagnet and the latter is ener- 
gized by the ignition current controlled 
by a “timer” or so-called commutator 
driven synchronously with the cam-shaft. 
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Telltale incandescent lamps are connected 
in circuit with the igniter magnets and in- 
dicate their performance or default. 

The frames of the engine are very mas- 
sive, as Fig. 2 indicates, the weight being 
40 tons. The main bearings are of special 
design. The lower shell has spherical seat 
to allow for the deflection of the shaft. 
The quarter boxes are extremely rigid and 
heavy, one being adjusted by means of 
shims held between rigid shim plates and 
dropped into place and the other being ad- 
justed by means of a wedge. The shim 
adjustment would naturally be controlled 
by the master mechanic responsible for the 
alinement of the engine; the wedge ad- 
iustment is for the benefit of the operating 
engineer. The wedge adjusts downward, 
which results in a semi-circular form of 
casting at the bottom of the jaw without 
any sharp corners at which a crack could 
be started. 

The cap is not babbitted, as there is no 
liiting force at the main bearing, which 
lows the cap to be used for the novel 
Sut exceedingly useful purpose of clamp- 
ing the quarter boxes and the bottom shell 
rigidly into place; it also allows the 
strengthening of the frame by two 
through bolts, extending over the shaft 
and tying the two jaws of the main bear- 
ing together, the cap, of course, acting as 
a compression member in between. 

The engine was built to meet the 
National Tube Company’s requirement for 
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FIG. 3. END OF SWITCHBOARD 
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2. GENERATOR END OF MCKEESPORT GAS-ENGINE UNIT 
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an overload capacity of 50 per cent., 
which is, of course, an innovation in gas- 
engine practice. It was considered neces- 
sary in this case, however, because of the 
immense brief overloads imposed by the 
rolling mills. That the engine is capable 
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FIG. 4. 


mply demonstrated on the occasion of 
the writer's visit to the McKeesport 
vorks. One-half of the engine was out of 
ommission temporarily, undergoing in 
crnal inspection, and the other half was 
ubjected to loads of 600 and 700 kilo- 
itts right along, with an occasional brief 
rge up to 800 kilowatts. When these 
traordinary surges occurred the speed 
opped slightly, but there was no other 
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manifestation of overloading — no grunt- 
ing, pounding or other evidences of labori- 
ous running. 


THE ELectricAL EQUIPMENT 


The generator is a standard Crocker- 
Wheeler multipolar machine rated at 260 


To Power 
House 


& 
. 


Holder 


Gas 


It delivers to the 
eeneral bus-bars, from which current is 
distributed throughout the 
works to lighting and motor circuits. The 
motors drive plate rolls, cranes, shears, 


volts and 4999 amperes. 


by feeders 


blowers and all, other machinery used in 
tube mills; there is no direct mechanical 
drive to any machines in the plant out- 
side of the power house. 

Fig. 3 gives a view of the end of the 
switchboard comprising the panels for the 
gas-engine generators. There are two 
gas-engine generator panels for the con- 
trol of two 1040-kilowatt 260-volt direct- 
current Crocker-Wheeler generators and 
two total load panels. On the total load 
panels are mounted one Bristol recording 
voltmeter, one Elliott recording ammeter 
and one Thomson recording wattmeter. 
There are three 24-inch voltmeter panels 
with large illuminated-dial Weston volt- 
meters mounted on swinging brackets, to 
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From Liast Furnace 


Blast Furnace 


LAY-OUT OF GAS-CLEANSING EQUIPMENI 


show voltage in paralleling the gas-engine 
units with the steam units, and vice versa. 

There are 22 feeder panels and on each 
are mounted two I.T.E. circuit-breakers, 
four 2-blade 
Sangamo 


ammeters, 
switches and 
wattmeters. One panel is provided for 
the control of 75-kilowatt motor- 
generator set, which works on a grounded 
There 


two American 


single-pole two 
one 


system used for the coal railway. 











are two multi-voltage panels and one 
feeder (multi-voltage) panel for the con- 
trol of two multi-voltage balancers, one 
being a 75-kilowatt and the other a 35- 


kilowatt unit. 





A Home-made Pipe Covering 


Many men in charge of steam plants 
have places here and there in their plant 
where there is a short line of uncovered 
pipe. This, of course, means a loss of 
heat, but they do not consider it worth 
while to go to the expense of covering 
with a regular pipe covering. 

The following will make a very accep- 
table pipe covering and will not cost as 
much as a regular prepared covering: 
Wrap the pipe first with a piece of asbes- 
tos paper, then wrap well with a layer of 
excelsior; over all this wrap a piece of 
canvas and fasten down with wire. Paint 
the canvas as a finishing touch, and you 
have as good a pipe covering as you could 
desire. 

The object of the excelsior, which must 
be packed tightly as possible, is to make 
a dead-air space, like the air jacket around 
the cylinder of a steam engine. Dead air 
is a non-conductor of heat and can be 
utilized in more places than the jackets 
of engines. At all flanges leave a space 
to give access to the bolts. This space 
may afterward be filled with hair felt.— 
American Journal of Steam and Electrical 
Enginecring. 





Setback for Chicago Anti-smoke 
Law 





In the supreme court at Chicago last 
month a decision was handed down re- 
versing the rwing of a lower court which 
had found the defendant guilty in a 
smoke-ordinance. violation case. The 
higher court held that the municipal court 
erred in excluding from the trial evidence 
showing that the defendant had made use 
of the latest smoke-consuming devices. 
Also: 

“It appears plainly from the record that 
no method has been found by which in 
large buildings it is practicable to install 
a plant that some time during the day will 
not emit smoke and gases.” 

The city authorities, including the smoke 
inspector, intend to keep after violators, 
they say, even though the enforcement of 
the ordinance is made more difficult. 





Commenting on this country’s natural 
resources, J. A. Holmes, chief of the tech 
nologic branch of the Geological Survey, 
says: “The best part of the iron-ore sup 
plies of the country at the present increas 
ing rate of consumption will be used with 
in the next fifty years.” 
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Pressure 


What It Means and How It Is Computed with and without Clearance 
Explanation of Why and How the Hyperbolic Logarithm Comes in 
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A correspondent asks: “What is the ef- 
fect of clearance on the mean effective 
pressure ?” 

An adequate response opens the whole 
subject of the determination of the mean 
- effective pressure, and warrants a more 
extended treatment than can be given in 
the “Inquiries” columns. 

In a steam engine, especially where 
steam is cut off early in the stroke and 
used expansively, the pressure varies and 
it is necessary to determine the mean or 
average pressure for the stroke. This is 
done working with absolute pressures, 
i.€., pressures measured upon a scale the 
zero of which is the pressure indicated by 
the steam gage less the atmospheric pres- 
sure, and when the average back-pres- 
sure above this absolute zero is deducted 
the mean effective or unbalanced pressure 
results. 

We will in what follows confine our at- 
tention to the mean forward pressure, it 
being understood that the mean counter- 
pressure—depending upon the degree of 
vacuum if the engine is condensing or of 
back-pressure if non-condensing, upon the 
compression and the shape of the release 
end of the diagram—must be subtracted 
to get the mean effective pressure. 

In Fig. 1 let steam of an absolute pres- 
sure A E be admitted to the cylinder, cut- 
off at B, and expanded to C. Under the 
conditions obtaining in an ordinary steam 
engine, it is found that the pressure varies 
so nearly inversely as the volume that a 
curve plotted upon that assumption can 
be used to represent the probable action. 
When, therefore, the piston has advanced 
to m, and the volume is doubled, the pres- 
sure is halved and the point m on the 
curve for this position in the stroke is 
located by making its hight mn one-half 
the initial hight A E. 

Similarly, when the volume becomes 
three times the original, the pressure will 
be one-third the initial, as at p, and by 
plotting a number of points in this way 
the curve may be readily laid off. Notice 
that the product of the volume and pres- 
sure is constant, and the pressure or ver- 
tical distance of a point on the curve for 
any volume or horizontal distance can be 
found by dividing that constant (found by 
multiplying the initial volume and _ pres- 
sure together) by the volume; and the 
volume, or horizontal distance for any 
pressure, by dividing that constant by the 
pressure. 


Such a curve is a rectangular hyperbola, 


F R E D 


R. 


i. e., a hyperbola having the right-angled 
lines A E and ED for its axes. 

The pressure, in the ideal diagram, re- 
mains constant during the period of ad- 
mission AB and falls off gradually 
during expansion along the line BC. 
Our object is to get the average pressure 
from A to C, and this would be repre- 
sented by the hight of a line, as JJ, so 
situated that the area A BKI above it 
will be equal to the area K JC between 
it and the diagram. In other words, we 
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relation of the two portions into which 
the diagram is divided by shading, the 
portions under the admission and under 
the expansion lines, would bear the same 
relation to each other. 

This relation is given in the tables of 
hyperbolic logarithms to be found in any 
of the better class of engineers’ hand- 
books. Consulting such a table, it will be 
found that the hyperbolic logarithm of 4, 
for example, is 1.3863, which means that 
for a ratio of expansion of 4 (when the 
final volume ED is four times the initial 





be— - 0.25 —- 7. volume AB), the area under the ex- 
=x—* . pansion line will be 1.3863 times the area 
N of the rectangle under the admission line; 
and similarly the values are given for a 
wide range of ratios of expansion. 
If we call both the initial volume A B 
and the initial pressure AE unity, the 
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FIG. I. RELATION OF 


must reduce the irregular figure 
ABCDE to the rectangle JJ DE of 
equal area. 

The area of a rectangle is the product 
of its length and its hight. Then its 
hight is the area divided by the length. 
If we can find the area of the irregular 
figure we can easily find the hight JE 
of the rectangle, which will be propor- 
tional to the average pressure. 

The “ratio of expansion” is the final 
volume divided by the initial volume. If 
an engine with no clearance cut off at 
quarter stroke the final volume would be 
four times the initial, and the ratio of 
expansion would be 4 It is evident that 
for a given ratio of expansion the shape 
of the ideal diagram would be the same 
to whatever scale it were drawn, and the 





WORK OF ADMISSION AND EXPANSION WITHOUT CLEARANCE 


area 
area: 


ABEF will be 1, and the total 


I + 1.3863 = 2.3863 
for a ratio of expansion of 4, or 
1+lge R 

for any ratio of expansion, Jog FR being 
an abbreviation for the hyperbolic loga- 
rithm of the given ratio of expansion. 

But if we change the horizontal scale 
to make AB unity, the length ED of 
the diagram becomes greater in the same 
proportion. For instance, if 4 B is 0.25, 
as in Fig. 1 and we divide it by 0.25 to 
make it 1, then ED, which was 1, must 
be divided by the same quantity and be- 





I 
comes > a = 4. In the case of no clear- 


ance the length of the diagram will be- 
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come the ratio of expansion. 
the area by the length thus expressed, we 
get the mean hight or the mean pressure, 


Dividing 


Pn, for an initial pressure of one pound, 
and it remains only to multiply by the 
absolute initial pressure to get the mean. 

The mean forward pressure per pound 
of initial, then, where there is no clear- 
ance, is found by dividing 1+ the hyper- 
bolic logarithm of the ratio of expansion 
by that ratio, thus: 

I+ loge R 

——. 

When there is clearance, as in Fig. 2, 
the initial volume becomes H B, instead 
of AB. The point m at which this 
greater volume is doubled and the pres- 
sure is halved is further along in the 


. 
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whole area. This is less than the area 
of Fig. 1 only because it is expressed in 
the greater units, HBFG, instead of 
ABFE. From this must be subtracted 
the area H AEG, representing the clear- 
ance and not included in the piston 
stroke. 

The ratio of expansion is the final 
divided by the initial volume. Then the 
initial volume is the final volume divided 
by the ratio of expansion. The final vol- 
ume when the piston displacement E D 
is unity, is I plus the clearance and the 
initial volume is 

I+c¢ 
=: 

But since we have called the line H B, 
representing the initial volume, unity, as 











stroke, and the expansion line runs before, we must similarly divide all the 
horizontal dimensions, to preserve the pro- 
, 0:30 ; portionality of the scale, by this initial vol- 
ume, i.e, by 
206+ — —0:25—-—> I+¢ 
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FIG. 2. 


higher, increasing the area beneath the 
expansion line. As a matter of fact, the 
ratio of expansion for an equal cut-off is 
less. In Fig. 2 we have, beside the 0.25 
of the volume of the piston displacement 
at cut-off, 0.05 of that volume in the 
clearance, making 0.30 of the piston dis- 
placement as the initial volume. The 
tinal volume is the piston displacement 
plus 0.05 of that volume, so that 0.30 vol- 
umes are expanded into 1.05 volumes and 
the ratio of expansion is 
1.05 + 0.30 = 3.5, 

instead of 4, as in Fig. 1, with the same 
cut-off and no clearance. 

With this ratio of expansion the area of 
the diagram H BC DG can be determined 
aS before by adding 1 to the hyperbolic 
logarithm of the ratio of expansion, which 
lor 3.5 is 1.2528, giving 2.2528 for the 


1.05—- - 


RELATION OF WORK OF ADMISSION AND EXPANSION 





WITH CLEARANCE 


as the quantity which must be subtracted 
from 
1+ loge R 
to give the area of A BCDE, which is 
thus represented by 
cR 


1+ lognk ee 
This area must be divided by the length 
ED to get the average hight, and ED 
to the new scale would be 





ee ae 
Itc  I+¢c’ 
R 
so that 
cR 
i 1+ logrR— I+¢c 
' R 
I+¢ 
P, (1+ dogr R)1t+e P 


R 
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Table 1 gives the mean forward abso- 
lute pressure Pm, represented by the ideal 
diagram ABCDE for ratios of expan- 
sion from 1 to Ito and with clearances 
from 0 to 12 per cent. If it is desired to 
deal with the point of cut-off instead of 
the real ratio of expansion, the initial 
volume in Fig. 2 is f-+c, where f= the 
fraction of the stroke completed at cut- 
off, and this is the quantity by which the 
horizontal dimensions must be divided to 
reduce the initial volume to unity and the 
others proportionally. Dividing the clear- 
ance by this quantity we have 


e 

Ste 
as the area H AEG to be subtracted, and 
dividing the stroke E D=1 by this quan- 
tity, we get 

I 

f+e 
as the length of the diagram upon the 
new scale by which we must divide to get 
the average hight. The formula then be- 


comes 
c 
log: R — ————- 
ian 1 + logs Fae 
m I 
f+e 


Pu =(1 + logeR) (f +e) — ce. 

Table II gives the mean forward abso- 
lute pressure Pm represented by the ideal 
diagram ABCDE for points of cut-off 
from 1/10 to 3% and for clearances from 
o to 12 per cent. 

In using both formulas the ratio of ex- 
pansion R must be the real ratio found by 
dividing the final by the initial volume, 
i.e., 

1 + clearance 
cut-off + clearance ’ 
the cut-off being expressed as the frac- 
tion of the stroke completed when cut-off 
occurs, and the clearance as a fraction of 
the piston displacement. 


Ratio = 








Trials of Fastest Warship 





H. M. S. “Tartar,” the new 33-knot 
British destroyer, which in the prelimin- 
ary trials broke the world’s record by at 
taining 35.952 knots per hour, was finally 
tested for speed on December 16. The 
vessel maintained the unprecedented speed 
of 35.363 knots throughout a continuous 
tun of six hours, covering nearly 233 
miles. The mean speed over the course 
was 35.672 knots, the highest being 37.037 
knots, creating another record. 

The “Tartar” is one of the first of five 
high-speed destroyers being built for the 
British navy to be completed. The fastest 
of her sister vessels so far built has at- 
tained only 34.25 knots. The turbines of 
the “Tartar” are of the Parsons type, and 
oil fuel is used. The turbines, boilers and 
machinery, as well as the vessel herself, 
were built by the Thorneycrofts. 
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Force? 


What Makes a Revolving Body Pull Outward from the Center ? 
You Know the Formula, but Do You Know Why It Is as It Is ? 
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A body in motion would continue to 
move in a straight line with an unvary- 
ing velocity forever unless it were acted 
upon by some force. 

If a force were impressed upon it in 
the line and direction of its motion, it 
would continue to move in the same di- 
rection, but with an increased velocity. If 
a force were impressed upon it in the 
line of its motion, but in an opposite di- 
rection, the body would move forward in 
the same line, but with a diminishing ve- 
locity, until the backward velocity gener- 
ated by the retarding force equaled or ex- 
ceeded its initial velocity, when it would 
stop or move backward. If the force 
were impressed at an angle to the original 
line of motion, the body would be diver- 
ted and would be, at the end of a certain 
time, at the same point as though it had 
proceeded for that time with the original 
velocity in the original direction, and then 
moved for an equal period of time in the 
direction of the impressed force with the 
velocity due to that force. 

A force of one pound acting upon one 
pound of matter will get it into motion at 
the rate of 32.16 feet per second. In a 
body falling freely by gravity each pound 
of the falling body is drawn downward 
by a force of one pound, and the motion 
of the body is accelerated at the rate of 
32.16 feet per second. 

Two pounds of force will naturally get 
up motion fast as one pound, 
three pounds three times as fast, etc., so 
that to find the acceleration of a pound of 
matter we multiply the force acting upon 
it by 32.16. <A 


twice as 


heavy body is harder to 





get into motion than a lighter one. A 
body which weighs twice as much acceler- 
ates only half as fast under the action of 
the same force, so that to find the accel- 
eration of a body under a given force we 
multiply the force by 32.16 and divide by 
the weight, thus: 


_ 32.36 Ff (1) 
W . 
where 
@ = acceleration in feet per second, 
/ =} force in pounds, 


W = weight in pounds. 


If the motion of a body is accelerated 
at the rate of a feet per second its ve- 
locity v, at the end of a given time ¢, in 
seconds, will obviously be 


(2) 


A body falling freely, for instance, 
gains velocity at the rate of 32.16 feet 
per second. Then at the end of three sec- 


onds its velocity will be 


3 X 32.16 = 96.48 feet per second. 


If a body starts from rest and its mo- 
tion is uniformly accelerated its average 
velocity will be one-half the final velocity. 
The falling body, for 
locity of 


instance, has a ve- 
32.16 feet at the end of the first 
but it had no velocity 
and since the 
uniform the average 
16.c8 feet. At the 
the velocity would be 4 


second, at the be- 


ginning, increase has been 
been 


seconds 


velocity has 


end of four 


32.19 feet per 
velccity 


second and the average 





<TD "i wn 
to) (hes 


X 32.16 
5 3 = 64.32 feet per second. 

As the distance traveled is the product 
ofetime and the average velocity, the dis- 
tance traveled would be 


. t 
4X4 X 32 16 =< 259.98 fie cmexe . 
2 2 
so that: 
‘i ee 
s=-, (3) 


S being the space through which a body 
would pass in the time ¢t, while gaining 
motion at the rate of a feet per second. 

Replace the a in this equation by the 
value of a given in formula (1), and 


ae 32.16 F 


— 2 WwW 





The 32.16, being the acceleration due to 
gravitation, is commonly denoted by g, 
so that this formula becomes: 


F gt? 
S= —3W” (4) 
showing that the space through which a 


weight II” 
force F acting upon it would be the force 
multiplied by 


would pass in a time ¢ with a 


32.16 and by the square of 
the time, and divided by twice the weight. 


By transposing this to 


_ 2SW 
F= go” (5) 


it appears that the force necessary to 
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move a weight JV through a space S ina 
time ¢t can be found by multiplying twice 
the space by the weight, and dividing by 
32.16 times the square of the time. 

In the accompanying Fig. 1, suppose a 
body to be revolving about the point O 
in the direction of the arrow. If at any 
point, as at a, the force holding it to the 
center ceased to act, it would continue on 
in the straight line a b, the direction in 
which it was moving at the instant, and 
in a certain time would be at the point b. 
If it follows the circle it will be because 
there is a force exerted upon it to divert 
it from this straight path, and this force 
must be sufficient to carry it from b to c 
in the same time-that it would be going 
from a to b. This centripetal of pulling- 
in force will be resisted by the equal and 
opposite centrifugal, pulling-out force 
exerted by the inertia of the body. 

The centrifugal force, then, will be 
equal to the force necessary to move the 
body from b to c, while it would, but for 
this force, be going from a to Bb. 

The space a b would be the product of 
the velocity with which the body was mov- 
ing and the time occupied in passing be- 
tween these points. If the movement con- 
sidered be very small a c may be con- 
sidered equal to a b, and ina cd we have 
a triangle, the side a d of which is the 
diameter, or twice the radius, of the cir- 
cle, and the side a c the product of the 
velocity and time required for an incre- 
ment of motion. This triangle is right- 
angled at c. If a line be dropped from 
the point c perpendicular to the side a d 
it will divide the triangle into two similar 
triangles ace and ced, and the hypot- 
enuse a c of the little triangle will have 
the same relation to its short side a e 





FIG, I 


that the hypotenuse ad of the large tri- 
angle has to its short side a c, so that: 


a¢-:ac 22a 22a ¢, 
cc MX e2e=a é xX a ¢. 
and 
_ acXac 
—~ — 
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But a e being equal to b c equals the 
space through which the body must be 
moved in the given time; 
uct of that time and the velocity with 


a c is the prod- 


which the body is moving, and a d is 
twice the radius, so that: 


(time X velocity) X (time X velocity) 


| (6) 


Svace = : 
2 X radius 


t2 2 


2Pr 





FIG, 2 


Formula (5) will give us the force re- 
quired to move the body through this 
space in the given time. Substituting the 
value just found for the space S in that 
formula, we have 


2W fet Wot 
g tt ~ 


—. 
showing that the centrifugal force equals 
the product of the weight and the square 
of the velocity, divided by 32.16 times 
the radius. 

While we are upon the subject of cen- 
trifugal force, it may be well to clear up 
one point which we have several times 
been called upon to explain. How is it, 
since the centrifugal force depends upon 
the radius as well as the velocity, that a 
velocity of a mile-a-minute is allowed for 
fly-wheels irrespective of their radii? Ac- 
cording to formula (6) a wheel of six 
feet diameter would have four times the 
centrifugal force of one of 24 feet, yet 
both are considered safe at 88 feet per 


F= 


’ 


second. 


It is true that for the same weight at 
the same velocity the centrifugal force 
Let Fig. 
2 represent a ring of cast iron of one 


would decrease with the radius. 


square-inch section. If this were revolv- 


ed with the velocity v each half would be 
pulling against the other half with the 


force given by formula (6): 


s* 


in which the I” would be the weight of 
one-half of the ring and r the radius of 


the circle. 


Imagine the diameter of the circle to 


be doubled, the section remaining 


one 
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inch. 
thus 


square The length of the hoop, 
its weight, would be doubled, 
and while with the same rim velocity the 
centrifugal force would have been halved 
by doubling the radius, it is restored to 


and 


its original value by doubling the weight. 
If a fly-wheel is conceived to consist of 
an aggregation of such one-inch rings, 
the stress per square inch of section will 
be seen to depend simply upon the rim 
velocity. 
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SWITCHBOARD CONSTRUCTION 


589. How should the slabs of a switch- 
board be fastened to the framework? 

By means of bolts, the number depend- 
ing upon the thickness and quality of the 
slabs; the weight to be supported and the 
method of On an 
should be one bolt 

feet of 
are required. 


fastening. average 

for each four 
for slate fewe: 
While holes may be bored 


in the slabs and the bolts passed through, 


there 


square marble ; 


as is frequently done, it is not good prac- 
tice, as any shrinking or swelling of the 
framework may crack the slab. A bette 
way is to cut grooves in the abutting 
edges of the pieces to be joined, as at a 
Fig. 158, and pass the bolt through the 
channel thus made. This channel or bolt 
kole should be large enough to allow for the 
expansion and contraction of the switch- 
board frame. A good location for a bolt 
is at the junction of four slabs, where a 
bolt hole can be made easily by cutting 
off the corners of the slabs, as at a, Fig. 
159. A washer or plate should be placed 
under the head of each bolt, to provide 
sufficient bearing surface. On the edges 
adjacent to the frame, half washers could 
be used, but it is better to have the face 
of the frame flush with the face of the 
slab and use a whole washer, half of 
which should rest on the wood, as at c 
Fig. 160. The wooden frame b is even 
with the marble slab a, and the washer ce 
rests partly on each. At d is a staple nut 
with a round head. If the bolts are 
passed through the marble from the front 
they should be of copper or brass, or the 
heads should be plate, for the sake of 
appearances; if the heads are at the back 
staple nuts should be used in front. 

590. Must the framework of a switch- 
board be insulated from the floor and 
walls of a station? 

When 


framework of 


wood is used for either the 
the switchboard or the 
floor or walls of the station, it is not neces- 
sary to provide especially for insulation, 
but when iron is used throughout, an 
insulating medium must be interposed if 
circuits of 600 volts or less are carried. 
Fig 
work by riveting flanges or angle irons c, 
to the supports of the framework a and 


161 shows how to insulate the frame 








90 


bolting them to marble blocks b, which 
in turn are bolted to the iron beams of 
the station. This method should also be 
pursued if the floor is on iron stringers, 
except that the marble blocks must be at- 


tached to the floor. In iron structures 
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out. The work should not be done hastily 
or with the expectation of going over it 
again. Connections behind a switchboard 
are too frequently neglected, and the 
power lost thereby is sometimes very con- 
siderable. Could the energy thus going to 























FIG. 158 
all of the switchboard brace-rods and 
guys must be thoroughly insulated, wood- 
en braces being best for the purpose. If 
iron or steel wires are employed, however, 
it is necessary to connect long strain in- 
sulators in series with them. 

5so1. Should not the framework of a 
switchboard carrying circuits of over 600 
volts be insulated from the floor and walls 
of a station? 

It should not, except for direct-current 
circuits, in which case there is no static 
discharge. In all high-voltage alternating- 
current systems the framework of the 


FIG, 


159 FIG. 160 
waste be readily seen, the defect woula 
soon be remedied, but to determine thé 
loss it is necessary to use special low- 
reading instruments which are seldom 
available to the engineer. The fittings on 
the switchboard must therefore be care- 
fully looked into and installed in a most 
efficient manner. 

504. Mention some common forms of 
connections used on switchboards. 

Wrapped connections, sleeve connec- 
tions, V-connections. 

5905. How should a wrapped connec- 
tion be made? 




















FIG. 162. METHOD OF 
switchboard must be grounded to carry 
off static discharge and thus protect the 
switchboard attendant from shock if he 
should touch the framework accidentally. 

592. Should any special form of con- 
struction be used to prevent the switch- 
board from taking up the vibrations of 
the machines in the station? 

Not ordinarily, although if the switch- 
board must be placed where there is much 
jarring and shaking, the foundation for 
the board should be separate from the 
floor. 


MAKING 


A WRAPPED CONNECTION 


By placing together the two wires to 
be connected and wrapping them with a 
smaller wire. In Fig. 162 the wires a 
and b are so connected by the smaller 
wire c wrapped about them. 

This is a convenient method, as no ex- 
tra appliances are necessary to make a 
joint. It is important to see that the 
to be connected are thoroughly 
cleaned and trimmed, that the wrapping 
wire is scraped perfectly clean before the 
_joint is made, that the wrapping is close 
and tight and that all of the splice is 


wires 
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FIG. 163.. METHOD OF MAKING 
SWITCHBOARD FITTINGS 
503. Jn making connections behind a 
switchboard, what important points 
should be observed? 
Before starting to make the connections 
the plan of wiring should be properly laid 





A SOLDERED-SLEEVE CONNECTION 
well soldered. In Fig. 162 the end a’ is 
bent outwardly; this may be done when 
there is a tendency for the wires to pull 
apart, but as that is not the case with 
switchboard connections the ends should 
be straight, like the end b’. If the length 
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of the joint is in proportion to the di- 
ameter of the wire, and the soldering is 
properly done, the splice will safely stand 
as much strain as the wire ought ever to 
be subjected to. 

506. What is a sleeve connection? 

Fig. 163 shows such a connection. Here 
c represents a copper or brass sleeve into 
which the wires a and Bb are inserted, one 
at each end. If the bore of the sleeve 
is the same as the diameter of the wires 
and the wires are properly soldered in, it 
will be impossible to pull the joint apart 
without first heating it. Therefore the 

















FIG. I61 


connection is a good one electrically and 
mechanically; it also presents a_ neat 
appearance—a point which ought always to 
be remembered in switchboard work. 
Furthermore, it is smooth and devoid of 
protruding points or corners, which is of 
especial advantage in high-voltage instal 
lations. 

507. Are there other forms of sleeve 
connectors besides that shown in Fig. 163? 

Yes, another form of sleeve connector 
is shown at c, Fig. 164. The wires a and 
b are introduced as shown and when side 
by side are clamped together by means 
of the screws d and d. As these screws 
are made of steel they may be well tight- 
ened and the union made mechanically 

















FIG. 164 

secure; no solder is used, however, so the 
electrical contact is bad and this mode of 
connection should never be used except 
in emergency. 





“The prodigious waste of the nations 
natural resources must stop at once,” ac 
cording to J. A. Holmes, chief of the tech 
nologic branch of the Geological Survey 
He adds: “Of the coal used for power 
development or for railway operation, not 
more than 5 per cent. is transformed 
into actual work; for electric lighting, 
usually less than 1/5 of 1 per cent. is con 
verted into light.” 
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Elevator—XV 


Continuation of the Description of the Morse & Williams 
“Pulling” Machine, and Showing How the Valves are Operated 















161 and 162 show the supporting 
frame seen at the center of the guide 
tracks in Fig. 152. This is the frame for 
the lower machine; that for the upper 
machine is shown in Figs. 163 and 164. 
lhe construction of the stop-valve H is 







































FIG. 161 






























FIG. 163 IG. 164 






shown in Fig. 165. The valve D is made 





hollow, so that there is no end pressure 
on it, and it acts by covering the port 
holes in the brass lining of the valve cas- 







ing opposite the port C that connects with 
The main valve is connect- 
As 





the cylinder. 





with the stop-valve at the port B. 
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The construction of the main valve is very 
simple. It consists of two pistons placed far 
enough apart to close the inlet port, and 
a third piston located at the end next the 
piston, which acts to balance the end pres- 
sure, the three pistons being of the same 
size, and also to prevent water from es- 
caping through the front of the valve cas- 
ing. This valve is moved toward the 
right to permit the water in the cylinder 
to escape into the discharge pipe. and to 
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cylinder and when the top valve is moved 
to the left the water will 
cylinder. 


flow into the 


OPERATION OF THE VALVES 


the valves 
shown in Fig. 167 is decidedly different 
from this explanation, which was used to 


The actual operation of 


show the construction and operation of 
In Fig. 167, 
the lower valves form the main valve and 


the main valve of Fig. 152. 








the left to permit water to flow into the 
cylinder from the supply pipe. More light 
may be thrown on its construction by the 
aid of Fig. 167, although this is not the 
same construction in every particular, it 
being a design of more recent date. In this 
figure, if the piston D is removed, it will 
leave a valve like the main valve of Fig. 
152. Then if the port K is closed and the 
pistons B and C are moved to the right, 
water can flow up through the port L and 
te the discharge pipe, while if B and C are 
moved to the left, water from the supply 
pipe can pass down through L. If the pistons 
F and G are regarded as the stop-valve 














be seen, the forward end 4 of 





of water gradually when it is closed. 





the 
‘ive D is cut tapering so as to stop the 
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are moved by a hand-rope which works on a 
hand-rope sheave indicated by the circle 
N. The top valves constitute the automat- 
ic stop-valve and are actuated by mechan- 
ism similar to that shown in Fig. 152, the 
sprocket-wheel !V being rotated by the 
chain M another 
sprocket P mounted on the same shaft as 


which runs around 
the sprocket f, of Fig. 152, as is more 
the top view of the 
If the pistons B and C 
are in the position shown and the main 


clearly shown in 


valves, Fig. 166. 


valve is moved to the left, water from the 
supply pipe can flow through K, as indi 
cated by the arrows, and into the cylin- 
cer. If the pistons B and C are shifted to 
the right, so as to uncover the port, and 
the shifted to the 
then the water in the piston can 


main valve is also 


right, 


escape through LL to the discharge pipe. 

















FIG. 166 


D of Fig. 165, it will be seen that if this 
is open when the top valve is moved to 
the right the water will flow out of the 






The automatic stop-valve, which is at the 
top, remember, is in the position to which 
it is shifted to stop the car when reaching 
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the lower floor on the down trip, and it 
does this by preventing the discharge wa- 
ter in L from escaping even if the main 
valve is open. To stop the car on the up 
trip, the pistons B and C are moved over 
to the right until they cover the port con- 
necting with the supply pipe, and then 
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modified so as to move the valve in one 


direction, i.e., to the right, to stop on the 
up trip, and in 
or to the left, to stop on the down trip. 
A half-tone a Morse & Wil- 
liams’ equipped with 
in Figs. 166 and 


the opposite direction, 
view of 
single machine, 
valves similar to those 
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mounted on one end of a short shaft that 
carries the sprocket f (Fig. 166) on its inner 


end. This illustration (Fig. 168) also 
shows the way in which the front guide- 
supporting frame is modified when the 


lifting ropes are hitched at the front end; 
the shackle-bolts are shown at A. It will 
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FIG. 167 

















FIG. 168. 


the car will stop even if the main valve 
is open, because the water cannot pass be 
yond the piston B, which as will be noticed 
is provided with double-cup packings so 
as to hold pressure from either side. From 
this it will be realized that the mechanism 
that operates this stop-valve has to be 


SHOWING 


MORSE & WILLIAMS “PULLING” 


167, is shown in Fig. 168. The sprocket- 
wheel on the end of the pinion shaft of 
the main valve is seen at N, and the 
sprocket on the automatic stop-valve pin- 
ion shaft is at W. The chain can be seen 
running down to the sprocket P (Fig. 167), 
which is just below the side frame and 





MACHINE 


be noticed that in this machine there are 
only five stationary sheaves, yet the ma- 
A little re- 
flection will show why one sheave can be 
The fact that one sheave 
less is required in a large measure offsets 
the objections to the front-rope hitch. 


chine is geared ten to one. 


dispensed with. 
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Largest Gas Engines for Electrical Work—ll 


‘Construction Details and Operating Data of the Gas Engines 
at the Martin Station of San Mateo (California) Power Company 


pY GEGEE P, POOLE 





CONNECTING-RODS AND CROSSHEADS the rod is 14% inches in diameter at the and are held firmly to the crosshead by 
The connecting-rods are of mild, open- crank-pin end and 9% inches in diameter tap-bolts threaded into the gibs.  Gibs 
hearth steel. The crank-pin stub-end is of at the crosshead end. The distance from are provided with lips at both ends fit- 
the T-end marine type, equipped with center to center of pins is 12 feet 6 inches, ting over the ends of the crosshead body 
bronze boxes, babbitted. Fitted bolts equal to five crank lengths. so that bolts holding the gibs to the cross- 
slightly tapered extend from the T-end of The main (forward) crossheads are heads are not relied upon for holding the 
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FIG. 10. VALVE-GEAR AT THE JUNCTION OF THE TANDEM CYLINDERS 


rod through the boxes and saddle, steel castings. Each crosshead has an gibs in place. The bearing surface of 
is being interposed between the two upper and lower cast-iron gib babbitted crosshead gibs on the guides is 54 inches 
s for adjustment. The crosshead end over the entire wearing surface with bab- long by 30 inches wide. The crosshead 
t the rod is of the solid-end type, with bitt. These gibs are adjusted for run- wrist-pin is of 0.40 carbon crucible 
ze boxes adjusted by means of a_ ning clearance by means of shims inserted steel. It is fitted into the jaw of the 
ge and adjusting screw. The body of between the gibs and the crosshead body main crosshead on a continuous. taper, 
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from one end of the pin to the other, of 
3%, inch in diameter per foot, the taper 
being turned off to form a cylindrical con- 
necting-rod bearing between the cross- 
head jaws. The connecting-rod bearing 
on the wrist-pin is of 17 inches diameter 
by 18 inches length. 


THE CRANK-SHAFT 

The main shaft is of mild open-hearth 
steel, the body being forged in one piece 
with two cranks. A 10-inch hole is bored 
through the body from end to end. Cast- 
iron counterbalance weights are secured 
to the cranks by bolts and keys and, 
although as large as could reasonably be 
provided, they counterbalance less than 
one-half of the reciprocating and revolv- 
ing weights. The main crank-pins are 
of 0.40 carbon crucible steel and are forced 
into the cranks in a taper of 1/16 inch in 
diameter per foot. 

The principal dimensions of the main 
shaft are as follows: Main journals, 30 
inches diameter, 56 inches long; diameter 
of fly-wheel and generator fit, 37 inches; 
thickness of crank web, 15% _ inches; 
crank-pin, 16 inches diameter, 19 inches 
long. 

The crank-pins are fitted with loose 
steel caps bolted to the ends of the pins, 
these caps being readily removable for 
examination, adjustment and removal of 
connecting-rod boxes. 


FLY-W HEEL 
The fly-wheel (see Fig. 11) on each 
of the three units in operation is 23 feet 
in diameter and weighs 50 tons. It is 


Mixture Adjuster~ 
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made in halves secured together at the 
rim and hub by key-bolts, reverse keys, 
nuts and bolts, as shown. The fly-wheel 
is secured to the shaft by a-special taper 


Part Section on Line A-A 
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Part Section on Line C-C 


J J 


Part Section on Line B-B 
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DETAILS OF FLY-WHEEL CONSTRUCTION 


Governor Shaft 
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feather, permitting of careful fitting and 


also of further tightening should the 
feather ever become loose in the shaft or 
in the wheel. 
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Section of Rim 1 
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CROSS-SECTION THROUGH CYLINDER AT COMBUSTION CHAMBER, SHOWING INLET 


View showing Link Connection 
between Lever and Stem 


AND EXHAUST VALVES AND BED-PLATE 
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THE VALVE-GEAR 

The cam-shafts which drive the valve- 
gear are driven by steel gears, bevel gears 
being used on the main shaft, driving back 
through spur wheels to secure the proper 
reduction in speed of two to one. The 
igniters and lubricators are also driven 
from the cam-shafts, as are also the start- 
ing valves, which admit compressed air 
on the cylinders for starting. The inlet 
and exhaust valves are driven by cams 
made of chilled cast iron, located on the 
cam-shafts, which run in bearings bolted 
to the side of the valve chambers, as 
shown in photographs and sections. 

The inlet and exhaust valves are of the 
unbalanced, mushroom type, working in 
cages secured to the top and bottom of the 
valve chamber. Both valves and their 
cages are water-jacketed, in order to pre- 
vent back-firing or pre-ignitions on ac- 
count of the treacherous nature of the 
gas used. Each inlet valve is combined 
with a combination mixing and throttling 
valve, of piston form, so designed that 
when the inlet valve opens gas and air 
ports in proper proportion are opened for 
the passage of gas and air in proper pro- 
portions, the amount of the opening of 
both being fixed by the governor. From 
this it will be evident that the engines 
operate with variable compression and 
constant mixture, the supply of air and 
gas to each end of each cylinder being 
throttled directly at each inlet valve for 
its end of its cylinder. The cross-section 
through an end of a cylinder, shown by 
Fig, 12, illustrates the inlet and exhaust 
valves and shows their arrangement, and 
Fig. 10 gives a good view of one of the 
valve motions. 

The exhaust valves are of cast iron with 
nickel-steel stems and are thoroughly wa- 
ter-jacketed, the water being fed to and 
carried from the valve by positive circu- 
lation. The connection of the exhaust- 
valve cages with the exhaust pipe is so 
made that the cages can be readily re- 
moved without disconnecting any other 
part of the engine. 

From each gas engine an exhaust pipe 
24 inches in diameter leads to the rear of 
the station, at which point the three ter- 
minate in an exhaust conduit terminating 
at a stack. Water is admitted to the ex- 
haust pipes for muffling purposes, with the 
result that the exhaust from these en- 
gines is scarcely audible, even when stand- 
ing right alongside the exhaust stack. 





A luncheon was given to Arthur Wil- 
liams, of the New York Edison Company 
by his colleagues on the Board of the 
American Museum of Safety Devices and 
Industrial Hygiene, and other friends, in 
recognition of the honor of the decora- 
tion Officier de |’Institution Publique con- 
ferred on him by the French Republic at 
the Engineers’ Club on December 18. _ T. 
Commerford Martin, president of the En- 
gineers’ Club, presided. 
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Use of the Entropy Diagram in Engine Tests—l 
ee Entropy. Analysis Made Easy; Simple Directions for Construct- 
ing an Entropy Diagram from a Steam-engine Indicator Diagram 





BY PROF. 


In the entropy-diagram articles pub- 
lished in the November and December 
numbers, the methods for computing the 
theoretic efficiencies of various types of 
steam engine were discussed. It now be- 
comes of interest to investigate the 
entropy action of the actual steam engine. 

The chief value in this process lies in 
the‘ fact that an increase of entropy means 
the addition of heat to the steam, while 
a loss’ of' entropy means the extraction 
of héat. An éntropy diagram on which 
was traced the heat-action of the steam 
in 4 'real engine—just as the indicator 
traces ‘its work-action on a_ pressure 
volume diagram, or indicator card— 
would therefore throw exact light upon 
the much discussed and very important 
question of the interchange of heat with 
the cylinder walls. 

‘Such a diagram can be traced for any 
engine, provided we can operate it under 
constant boiler pressure, load and speed 
for a sufficient time to permit the accurate 
collection and weighing of the steam pass- 
ing through. If the engine is attached to 
a surface condenser this is quite easy; 
and a half-hour’s run, after thoroughly 
warming up, is usually enough to give ac- 
curate results. Otherwise the measure- 
ment of steam weight must be made in 
the form of boiler feed, a plan which per- 
mits of accuracy only when extending 
over a period of from five to ten hours, 
depending upon the size and number of 
boilers. 

In addition to the steam weight pass- 
ing through the engine, all the conditions 
of operation are supposed to be carefully 
noted. Indicator cards must be taken 
frequently enough so that an accurate 
average may be had. If there be too great 
a variation between the individual cards 
and the average, the results of the analy- 
sis will be worthless. All the dimensions 
of the engine, including the volume of 
the clearance space, are supposed to be 
known,* and valves and pistons are to 


*The usual method of determining the 
clearance volume is by filling it with a known 
weight of water. A coffee pot, a small set 
of weighing scales and some patience are the 
only tools required. The coffee pot is filled 
with water and weighed. Water is then 
poured from the pot into the indicator cocks, 
with the engine on dead center, until the 
clearance is full. The pot is then weighed 
again. The difference in weight, expressed 
in volume of water, 62.4 pounds per cubic 
foot, should give the clearance. The measure- 
ments should be repeated several times and 
the results compared. If they vary only 
slightly, they may be averaged. If they 
vary widely they must be rejected, and the 
source of variation found. Sources of error 
to be looked out for are (1) leakage, whereby 
the clearance appears to hold more water 
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have been tested for leakage. It will be 
found to be impossible either to make 
these parts absolutely tight, or to measure 
their leakage satisfactorily. If they are 
in what is known among engineers as 
“good condition,’ however, the leakage 
when the engine is running will amount to 
only a minor error in the result. 

With these data in hand one may sit 
down at the drawing-desk to analyze the 
heat-action of the steam in the engine. 
‘This action is traced by the indicator for 
us, but is quite unintelligible in the form 
in which it comes off the indicator. For 
the indicator card is not a thermody- 
namic diagram at all. It portrays no heat 
quantities. It portrays only work quan- 
tities, whereas the entropy diagram por- 
trays both heat and work quantities. 


DIFFERENCE BETWEEN CUSHION STEAM 
AND CYLINDER FEED 


The first step is to distinguish clearly 
between two quantities of steam which 
are present and at work in every engine 
cylinder. These are: 

(1) The cushion steam, and 

(2) The cylinder feed. 

The cushion steam is that portion which 
stays in the cylinder continuously, form- 
ing the cushion at the end of the stroke. 
It is compressed during each back-stroke 
and re-expands in company with the cyl 
inder feed on the out-stroke. 

The cylinder feed is the portion of 
steam received through the throttle at 
each stroke and passed on into the ex- 
haust at the next. 

One must be certain that the distinction 
between these two steam quantities is 
clearly understood, before the work can 
proceed. It is not the idea, for instance, 
that these two bodies of steam are actu- 
ally separated within the cylinder, of 
course. There is only one body of steam 
at work upon the piston, and that is fairly 


than it really does; (2) water pockets, which 
prevent a perfect emptying of the clearance 
between observations; and (3) air pockets, 
which prevent the clearance from ever be- 
coming full of water. Leakage is best in- 
vestigated by pouring slowly, after first 
filling the clearance, at a rate just sufficient 
to counterbalance the leakage. If the leak 
appears to be a bad one, it should be fixed. 
If not, its rate should be established. Noting 
the time occupied in filling the clearance, 
at each measurement, leakage may be al- 
lowed for by applying the established rate 
to half that period; since the leakage is ob- 
served when it is at its maximum rate, when 
the clearance is full, which is about twice 
the average rate during filling. For water 
and air pockets, common sense applied to 
each case is the only prescriptton necessary. 

Every engineer should know the clearance 
of his engine. Indicator cards mean but 
little without that information. 
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evenly mixed. Nor is it meant that the 
cushion steam of one stroke is actually 
the same body of steam as the cushion 
steam of the preceding or following 
stroke. 

What is meant is that the weight of 
cushion steam trapped in the cylinder by 
the closing of the exhaust valve will be 
virtually the same each stroke. If some 
of it escapes to exhaust at the next stroke, 
an equal quantity of cylinder feed which 
would otherwise have been exhausted 
must stay to take its place. 

The same thing is true of heat quanti- 
ties, as well as of steam quantities. The 
cylinder feed is the only thing which 
brings heat to the engine. It alone can 
make good all losses. Within the cylinder 
this cylinder feed is supposed to expand 
adiabatically (that is, without thermal 
communication with anything else), to 
perform its due quota of work, and to 
escape to exhaust in a condition which 
might be predicted by computation, as in 
the article on “The Application of the 
Entropy Diagram” in the December num- 
ber. 

But inside the cylinder the cylinder feed 
meets an evil companion, namely, the cush- 
ion steam left over from the preceding 
stroke. It mingles with it, and trades heat 
with it, as it should not do. For the cush- 
ion steam is an idle, impecunious spen¢- 
thrift, never earning any income of heat, 
nor doing so much work as it absorbs, 
yet ever contributing heat to the absorbent 
walls about it. ; 

In this association with the cushion 
steam, as well as in other ways, the cyl 
inder feed is involved in losses. Yet these 
losses may of them be charged 
against and collected from the cushion 
steam itself, for the latter is chronically 
insolvent. It has no regular income of 
heat, and is only an idle parasite. If the 
cylinder feed of one stroke happens to 
leave the cushion steam impoverished, 
that of the next stroke must make good 
the deficit before it can bring the cushion 
steam into a condition where the cylinder 
feed itself may go to work effectively. 

It is in this word “before,” by the way, 
that lies the explanation of lead in an 
engine valve. A large portion of the heat 
in each entering puff of cylinder feed- 
seldom less than one-fifth in the best of 
engines using saturated steam, and often 
more than three-fifths in good engines— 
is expended in paying the thermal debts 
bequeathed to it by the preceding strokes 


none 
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generation of power, in the form of the 


chill of the clearance surfaces and of 
the cushion steam lying upon them 
n beads of moisture. And these clear. 
ince surfaces, it must be remembered, 
form a substantial portion of all the wall 
surface with which the steam ever comes 
nto contact. They are much more im- 
portant, in their bearing upon engine 
losses, than is the clearance volume. 

It is because something like a quarter 
_of the steam used must get into the cyl- 
inder before the stroke can start effect- 
ively, that engine valves must possess 
lead. And if, in thus speaking of lead, 
he time duration of pre-admission, rather 
than the width of valve opening, be com- 
pared with the time after the stroke is 
decently started, before cut-off occurs, it 
will be seen that these statements are not 
unnatural ones. 

Returning to the question of blame be- 
tween cushion steam and cylinder feed, 
it becomes plain that all losses must be 
charged up to the latter, although they 
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For the pressure this is easily done by 
laying off below the atmospheric line, to 
the scale of the indicator spring, the ob- 
served barometric pressure on the day of 
the test.* The reading of the barometer 
in inches should be multiplied by 0.491 to 
reduce it to pounds per square inch. 

For the volume the same thing is done 
by laying off a vertical line at a slight 
distance from the admission end of the 
card, which distance forms the same pro- 
portion of the length of the diagram that 
the clearance volume bears to the piston 
displacement per stroke. For example, 
suppose that the engine measures 12x30 
inches, and that the clearance has been 
found to hold 4 pounds 4% ounces of wa- 
ter. The piston displacement per stroke 
is 1.961 cubic feet (on the head end; on 
the crank end allowance must be made for 
the volume of the piston-rod). The clear- 
ance volume is therefore 0.06865 cubic feet, 
and 

0.06865 —- 1.961 = 0.0350, 
or 3.5 per cent. If the indicator diagram 
should happen to be 3.287 inches long, for 
instance, the vertical axis must be laid off 
0.035 X 3.287 = 0.115 
inch beyond the end of the card. 
Hereafter all measurements of pressure 
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may be engendered, in part, by the evil 
action of the former. For it is the cyl- 
inder feed alone which makes good all such 
losses. It is the cylinder feed alone which 
costs money, in the shape of fuel bills. 
To it everything should be referred, as 
a proportion to a base. 


MEASUREMENT OF PRESSURE AND VOLUME 


Unfortunately the indicator, which 
brings us almost our only message from 
the interior of the cylinder, takes notice 
of the action of only one aggregate body 
of steam in the cylinder, comprising both 
cylinder feed and cushion steam. More- 
ver, it does not measure for us the true 
al solute volume even of this single aggre- 
sation. All that it measures is volume of 
piston displacement relatively to the clear- 

ce volume; just as it measures pressures 

relatively to the atmospheric pres- 

The first task, then, is to get the 
"icator card which has been selected as 

‘alr average of all taken, into a form 
Where it shows true absolute, instead of 
‘ive, pressures and volumes. 


7 


————X 


I 


and volume must be made from these ab- 
solute axes. 


INDICATOR-CARD VOLUME SCALE 


The next step is to establish a volume 
scale for the indicator card. Remember- 
ing that the length of the card measures 
the piston displacement for one stroke, the 
volume scale would be easy to state in 
terms of a single stroke. But the entire 
analysis is designed to charge all quanti- 
ties against cylinder feed, and not against 
engine strokes; and all steam-table read- 
ings regarding the cylinder feed are based 
upon one pound of the same. Therefore, 
the volume scale must be established in 
terms of one pound of cylinder feed pass- 
ing through the engine. 

For instante, if the records show that 
the engine made fifty thousand strokes 
during the test, while thousand 
pounds of cylinder feed from 


fifteen 
passed 


*As the writer frequently finds, when called 
upon to advise in the analysis of tests al- 
ready made, that this has been forgotten, it 
may not be amiss to suggest that it can 


usually be procured from the records of the 
local 


meteorological bureau. 
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throttle to exhaust, then the engine must 
have made 

50,000 -- 15,000 = 34% 
strokes per pound of cylinder feed, and 
the piston must have displaced 

3% X 1.961 = 6.540 
cubic feet in the same time. In other 
words, the indicator card must be taken to 
represent the action of 3% working 
strokes instead of one, as in a sort of com- 
posite photograph. Its length of 3.287 
inches, therefore, represents 6.540 cubic 
feet of piston displacement, or 1.990 cubic 
feet per inch of length. 

n larger engines than this the number 
of strokes per pound of cylinder feed 
would be smaller than three, or possibly 
even smaller than one. In very small en- 
gines, on the other hand, it may be quite 
large. 

It will be found most convenient to 
state this volume scale in terms of some 
small division of an inch, rather than per 
entire inch, according to the particular 
scale at hand: Thus, if a scale divided to 
sixteenths be used, one sixteenth on the 
card represents 0.1245 cubic foot. It will 
be easier to read off the measurements in 
sixteenths and estimated fractions of a 
sixteenth, multiplying by 0.1245, than to 
read in inches, compute the sixteenths into 
decimal fractions and then multiply by 
1.990. For a scale reading in fortieths, for 
instance, the multiplier would be 0.04975 
per fortieth, and so on. 

The card is now prepared for measur- 
ing from it the true action of the aggre- 
gate steam body within the cylinder, in 
absolute pressure and in absolute volume 
per pound of cylinder feed passing 
through the engine. It should be repeated, 
what is measured is volume of aggregate 
steam body per one pound of that fraction 
of itself which is called cylinder feed. If, 
now, the volumes of cushion steam per 
pound of cylinder feed could only be de- 
ducted from these aggregate readings, 
there would remain true volumes of cyl- 
inder feed in terms of one pound of it- 
self—which is all that is needed in order 
to throw complete light on the state of 
affairs within the cylinder. 

This deduction can best be done graph- 
ically. Let Fig. 1 represent the indicator 
diagram which is being analyzed, with its 
zero-axis of pressure OX and zero-axis 
of volume O Y. It is known that in all 
engines of the better class the steam in 
the cylinder is normally dry saturated at 
the beginning of compression. At the 
point A, therefore, which is chosen as 
early in the cushion as is certain that the 
exhaust valve is closed, the cylinder is 
known to contain only dry saturated cush- 
ion steam of pressure Aw and volume 
Ay (the latter being measured on the 
computed volume scale). The steam table 
promptly gives the weight per cubic foot 
of steam of this pressure, whence a simple 
multiplication gives the weight of cushion 
steam present, per I pound of cylinder 
feed. 
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Graphic Estimation of Shipping 
Weights 


By C. F. Cuxor 


It may often occur in steam-engine 
manufactories that a new size, larger than 
existing standards, is required by a grow- 
ing business. The great question then 
arising is, what is the weight going to be? 
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rABLE 1, 


Size. | cu. ta.) W, Lb. f, = v W, Lb. f, = Size. fi fe W, Lb. Ww, Lb 
by" x 8" | 266 | 4,500 17.9 6,000 22.6 Oe es 15.0 21.2 4,000 5,620 | 
8s" x 10" | 568 | 6,700 11.8 11,400 20.0 83" x 10" 14.2 19.0 8,000 14,000 
10" x 14” | 1,100} 15,000 13,7 22,700 20.6 10” x 14” 12.8 17.8 13,100 19 600 
12” x 14” | 1,580 | 16,000 10.8 25,000; 15.8 12” x 14’ 11.6 17.5 18 ,300 27.600 
12” x 16” 1,810 | 23,000 12.6 38,000 21.0 12" x 16 11.0 7.0 20,000 30 800 
15" x 18’ | 3,180 | 27,000 8.5 46,000) 14.4 15” x 18 8.85 15 0 28 .200 47 ,600 
16" x 20° 4 000 | 35,000 8.75 52,000 13,0 is” x= 20" 7 75 14.75 31,000 59 000 

es ae Sa —_ UBL ES =) a eee piiageaibci aa 
V r S = Cylinder volume in cubic inches. Ww: 
Ww 


W, = Approx. shipping weight, single drum hoist, lb. 


Now, this is an easy proposition when the 
builder has an abundance of engineering 
help and complete records of weights of 
parts, and the engine proposed will con- 
sist of parts similar to those built before. 
But, if the situation is such that the com- 
pany has a poor recording system, and has 
they 


weighed the products only when 


GEARED ENGINES, ACTUAL CURVE. 


| Ww WwW, 
Vv 
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seemed to be out of proportion, or if the 
engine is to be accompanied by a lot of 
auxiliary equipment, then it becomes ad- 
visable to provide means to- get the ship- 
ping weights as quickly as possible,-in or- 
der to put a price on the job. 

The method I. am using to determine 
approximate shipping weiglits of hoisting 
engines can be applied to any power-gen- 
erating outfit, wherever the weight and 
cost of auxiliary equipment increase pro- 
portionately with the stroke and the bore 
of the engine cylinder. Let W = the total 
weight of some equipment, and then look 
for a relation between the volume of the 
steam cylinder and this weight. If D = 
the cylinder bore and S = the stroke, then 


2 
a S =V = the cy:inder volume, 


neglecting the space that ought to be 
added for the piston and for clearance; 
but as the piston width increases with the 
larger size, this will not materially affect 
the calculation. 


Let ~~ 
called “weight factor ;” that is, the weight 
of the outfit of the cubic inch of piston 
displacement, this factor being individual 
to each engine. Plot this value of f on 
the vertical or ordinate axis, and the 
piston displacment on the horizontal or 
abscissa axis and the resulting curve will 
represent the weights per cubic inch of 
displacement. 

In the writer’s case three sets of en- 
gines had to be figured upon—geared, 
double-cylinder, single-drum hoisting ei- 
gines in the first case, the same engines 
with double drums in the second and 
direct-acting (so-called “first-motion” en- 
gines) as a third item. The computation 
outlined has been carried out in Tables 1, 
2 and 3 herewith. 


= f represent what may be 


The curves, Fig. 1, resulting from 
Tables 1 and 2, show a very irregular 
shape, tending downward, however. 


TABLE 2. GEARED ENGINES, CORRECTED, 
READING f ON IDEAL CURVE. 





(The weights which served as a basis for 
from all kinds of 
catalog 
Treating the 
curve as a rope polygon, or as a diagram 
of bending moments, and running a curve 
between the points so as to equalize the 
result is a 


taken 
records, and a 
printed some 20 years ago.) 


the tables 
unreliable shop 
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slight curvature. The curve for the single- 
drum hoisters is almost parallel to that 
of the double-drum engines. 

Now, for the correction of weights, 
reading the value of factor f on the cor- 


responding volume ordinate, from the 
axis to the intersection with the ideal 
curve, the reading multiplied with the 


cylinder volume gives the correct weight. 
Table 2 gives the results of this computa- 
tion, W: and W, being the corrected fig- 
ures. The diagram for first-motion hoist- 
ing engines, Fig. 2, is of regular shape, the 
weights being more up to date. 

Suppose that the new-size engine is a 
30x60-inch first-motion hoister, then 
lengthening the curve described by the 
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TABLE 3. FIRST MOTION HOISTS, ACTUAL. 


you In | Ww Lb. . = f Remark. 


14" x < 
16” x 32” 
18" x 
20’ 
| | ome 
24” 
30" x 60" 


| 

4,650 | 25.000 
6,400 | 30,000 
9,100 | 35.000 3 
11,300 | 40,000 3. 
16,200 | 55,000 3.5 - 
19,800 | 65,000 3.3 “ a 

42,450 |119 000 Proposed Size 


Actual Weight. 


Approx. shipping weight, double drum hoist, lb. 


- Approx. shipping weight, first motion hoisting engiue, |b. 


factors of existing sizes, the curve inter- 
sects ordinate 42,450, the volume of 
30x60 cylinder in cubic inches, at a hight 
of 2.8 factor units—or 2.8 pounds. Then, 
2.8x 42,450 — 118,860 pounds, say 119,00 
pounds. This is the shipping weight of 
the propesed engine, supplied with auxil 
iarv equipment proportional to the size. 
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Practical Letters from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





WE 


Angle Valves 





As I have been criticized for advocating 
the use of ordinary angle valves, I wish 
to call attention to two kinds the use of 
which eliminates at least some of the ob- 
jections referred to by my critics. It is 
claimed that an ordinary angle valve of 
the globe type retards the flow of water 
or steam passing through it, on account 
of its peculiar shape and the fact that the 
disk is suspended in the passage. 

Fig. 1 illustrates a valve that possesses 
all good features of a globe valve, as it 
can be repaired and made as good as 
new by an ordinary mechanic. It is as 
convenient as a globe valve in use, be- 
cause it begins to open as soon as the 
wheel is given a slight motion from right 
to left; therefore, it can be given a par- 
tial opening at pleasure. After the water 
or steam has passed the disk, moving 
from right to left through the valve, it 
goes into a curved passage that offers the 
least possible resistance to its flow, and 
thus enters the vertical pipe at right 
angles to its former course. 

A valve of this kind includes the short 
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FIG. I 


nipple and ell that would have to be used 
in connection with an ordinary globe 
The first cost is less, and the job 
is less liable to leak than one in which 
more joints are necessary. 

Some engineers prefer a gate valve in 


valve. 
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FOR USEFUL 


a steam pipe, because it gives a straight 
passage through the pipe line, but repairs 
on this kind of a valve are comparatively 
expensive, and it takes much longer to 
open and close one than to operate a 
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FIG, 2 





globe valve, while it is not convenient 
to set it to give less area of opening than 
the full capacity of the pipe. 

If a gate valve is to be used at all, the 
kind illustrated in Fig. 2 may be adopted 
with good results, as it contains all the 
features of an ordinary gate valve, and 
at the same time includes a short nipple 
and an ell. This combination affords a 
straight passage through the valve, and 
a curved outlet that offers no. more re- 
sistance to the passage of steam or water 
than an ordinary ell. 

Of course there are places where these 
valves cannot be used, but they can fre- 
quently be installed if plans are made for 
them when the pipe iine is laid out. I 
would suggest that they be ordered in ad- 
vance, as dealers do not always carry them 
in stock, but they can be secured at a few 
days’ notice. 

What objections can be raised to them 
that do not apply to ordinary globe and 
gate valves? 

W. H. WAKEMAN. 
New Haven, Conn. 
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Repair of a Crack in a Centri- 
fugal Pump 





The accompanying sketch shows a 
break in a centrifugal pump and how it 
was repaired. The pump is used to force 
water through filters, working normally 
against a pressure of 20 pounds, although 
the duty required is rather severe at 
times. One day it threw water from the 
side as well as from the discharge, so it 
was shut down for examination. A crack 
was found, in length nearly equal to one- 
third of the circumference of the pump. 

To prevent the extension of the dam- 
age a hole was drilled and tapped at 
each end of the crack, and plugged. 
Then, in each of several %x2-inch 
wrought-iron strips there were drilled, in 
one end a hole for a %-inch screw and 
in the other a bolt-hole. These strips 
were alternately heated and fitted over 
the break and the positions of correspond- 
ing holes marked on the pump body. 
After drilling and tapping the latter, the 
crack was covered with “Smooth-On,” 
the iron pieces were again heated and 
placed in position, the bolts, and screws 


— 


























HOW A CENTRIFUGAL PUMP WAS REPAIRED 


inserted and tightened, and the pump 
was started. This was more than a year 
ago and no further trouble has been ex- 
perienced. 

REPAIR. 
Newburgh, N. Y. 








100 






The Automatic Engine-stop as a 
Second Engineer 





Just as long as State laws allow manu- 
facturers to employ an engineer as a 
fireman, or allow him to perform any 
duty that takes him from the engine 
room, there will be one good reason, at 
least, for a good automatic engine-stop, 
manual as well as automatic. Such a 
stop can well be called a second engineer, 
for while one closes the throttle the other 
takes the steam away. “Things that 
equal the same thing equal each other.” 

In many plants where a reliable stop is 
installed the engineer has charge of the 
belts, piping, etc., and is as much master 
mechanic as engineer. In cases of this 
nature, the fireman has been instructed 
what to do in case the alarm sounds for 
over-speed, and the engineer is away. A 
good automatic engine-stop independent 
of the governor does not interfere with 
the attendant when he reaches the throt- 
tle. While the governor is in working 
order there is no need of an automatic 
engine-stop. This is true when a com- 
petent man reaches the throttle,. for he 
can use his intelligence as to whether it 
is better to shut down or not, and will 
frequently run on the throttle while the 
governor is out of commission, rather 
than shut the plant down. 

The principal office of the automatic 
engine-stop and speed limit should be to 
simply limit the speed of the engine while 
the governor is crippled. Such a device 
can be used to advantage by the attend- 
ant, in case of broken rods, cylinder- 
head blown out, broken steam pipes, etc. 
There should be several places in every 
engine room from which the attendant 
can stop the engine with a good circuit- 
closer. In some cases it is desirable to 
do this in the boiler room, also. Quick 
work of the engineer frequently saves 
heavy damages. If the nature of the 
business is such that an operative might 
get caught in the machinery, it is desir- 
able to have circuit-closers at convenient 
points throughout the factory. They 
should always have a card near them 
stating what they are for and requesting 
the operatives not to meddle with the ap- 
paratus, as it is put there to save life 
and property. ' 

During a recent call at a large mill 
where the engines are equipped with 
automatic engine-stops, I noticed a new 
piece of belt as it came over the fly-wheel, 
showing that it had recently been re- 
paired. This engine was running in con- 
junction with water-wheels. The  en- 
gineer told me that by not having to go 
to the throttle, he had saved a serious 
accident to the belt. Cost, less than $10 
for repairs, and a slight delay. He saw 
the belt tear, used the nearest circuit- 
closer, at the same time giving the sig- 
nal to the water-wheel tender, and so 
quickly were the engine and water-wheel 
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shut down that the belt had no time to 
do damage. 

I recalled at once another accident in a 
large mill where the engine also ran in 
conjunction with a water-wheel, but with- 


out a stop. The engineer saw the belt 
when it parted, and signaled to the 
water-wheel tender by the old method of 
mechanical pull. He then had the throt- 
tle to close, and before all this could be 
done, the belt had torn a hole in the 
brick wall, pulled down the idler, 
knocked the governor off the engine and 
endangered the life of the engineer. 
Damage, about $500, and a long delay. 

It has been said that an engineer will 
rush to the throttle in case of accident 
before he thinks of the danger. I am 
satisfied that this is true in the first ex- 
perience that the engineer has, but not 
always true after a narrow escape. I 
once met an engineer who rushed to the 
throttle and received a compound frac- 
ture of the skull. After recovering, he 
went back to the same engine room, and 
the corporation thinks so much of him 
that he has a life job. His employers 
know, however, that he feels that his 
nerve for taking chances has gone, and 
he told me that he would rather be a 
“Live coward than a dead hero.” His 
engines are now equipped with auto- 
matic engine-stops, with circuit-closers 
at convenient points throughout the en- 
gine room, and upon two occasions he 
has shut down the engine’ without 
thought of approaching the throttle. 

An engineer of long experience told 
me a short time ago that the habit of 
rushing to the throttle will leave an en- 
gineer the moment he knows he can stop 
quickly from a distance. I am satisfied 
that this is true and that men rush to 
throttles because it is a part of their 
duty. 

A curious advantage arising from the 
use of an engine-stop is related by an 
engineer as follows: “Before I had it, 
the operators would quit their machines 
four or five minutes before the whistle 
blew. This took the load off the water- 
wheels; they would begin to race and 
run the engine so fast that I would be 
obliged to shut down. This brought a 
kick from the office. Now I let the en- 
gine have six turns above the normal, 
and it is up to the foreman of each de- 
partment to keep his operators at the 
machines until the whistle blows. They 
can’t say that we shut down needlessly.” 

There were forty-six fly-wheel ex- 
plosions in the first six months of 1907, 
all caused by the failure of the governor. 
In many cases the governor was not to 
blame for the failure, owing to the fact 
that it became crippled from outside 
causes, such as broken belts clogging the 
governor, belt slipping, or the governor 
being hit by flying belts, bricks, etc. 

FREDERICK S. PALMER. 

Minneapolis, Minn. 
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““Blow-down Valves on Water 
Columns” 





The letters of Thomas Sheehan and 
others, on “Blow-down Valves on Water 
Columns,” remind me of an incident that 
once occurred with me. I got instruc- 
tions to put hot water in a reserve boiler 
that was supposed to be empty. I had 
often done it before, but on this particu- 
lar occasion I had allowed the water tc 
run in but a few minutes when there 
began some mysterious knocking, which 
seemed to come from every pipe about 
the place. I found that the boiler had the 
“jumps.” It then occurred to me I was 
putting hot water in on top of cold. [| 
stopped the feed at once, opened the blow- 
off and let all the water run out. The 
knocking gradually ceased and stopped 
altogether when the boiler got empty. 
Suppose the water in the boiler had been 
up to working level and we had been try- 
ing to cut it in with the working boiler? 
Ignoring questions of impact, unequal ex- 
pansion, etc., I should like to know how 
putting steam on top of water compara- 
tively cold is expected to heat the water 
below it. 

We used to work a small Cornish boiler 
a few hours in the afternoon to assist a 
larger one over the peak of the load 
Nineteen or twenty hours out of th 
twenty-four this boiler would be standing 
with the fire low, or out altogether. Th: 
junction valve was kept open so the gag: 
I often 
felt curious to know what effect the work 
ing boiler had on the idle boiler, or vice 
versa. 1 thought of condensation, but was 
never able to detect any variation in the 
water level after it had ceased steaming 
so long as the feed valve was tight. This 
seemed to me rather strange, as the dam- 
pers fitted badly and cold air was rushing 
through all the time. To show how the 
dampers fitted, T will point out that 
lave often worked up a good fire and had 
the boiler steaming with the 


always showed working pressure. 


dampers 
closed. 
A LANCASHIRE Lap 
Manchester, Eng. 





Tightening Up Nuts on Piston- 
rods 





Our method of tightening up nuts on 
the piston-rod is to put a heavy short- 
handled wrench on the nut, and with a 
sixteen-pound sledge to hammer th 
wrench until we are tired, when we call 
it tight—and it usually is. On the piston 
end of the rod we proceed in the same 
way, with the exception that after the 
nut is tight a hole is drilled and tapped 
through the nut parallel to the rod anc 
a steel screw inserted, extending about 
half an inch into the piston proper. 

Ep. H. LANE. 

Kansas City, Mo. 
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How Should Globe Valves Be 
Placed ? 





From all appearances the question of 
how globe or angle valves should be 
placed has never been settled, and prob- 
ably it will not be settled unless radical 
changes in the general design of valves 
are made. In particular the question of 
placing the valves between the boilers of 
a battery occurred to me about eleven 
years ago, in Europe, when three young 
boys, in removing the scale in one of 
the boilers, were scalded to death, sim- 
ply because the valve leaked a little and 
the fireman tried to force it down with 
a piece of pipe stuck between the arms of 
the hand-wheel. The fireman’s act nat- 
urally .broke the valve-stem, with the 
aforesaid regrettable result. 

Other accidents are more frequent, 
such as blowing off the bonnet or cover 
by means of undue strains traceable to 
the difference in expansion of the valve 
body, cover and stem under full pres- 
sure and no pressure. Many engineers 
have met with difficulties in trying to 
turn the hand-wheel in order to open a 
valve. In a future letter I shall show 
how a valve-stem can be packed when 
the valve is fully open. In addition, I 
would suggest that the stuffing-box be 
exposed as much as possible and not car- 
ried too far inside the cover. This will 





























MR. PETERS’ SUGGESTION FOR NEW-STYLE 
VALVE 


be better for the packing, as well as for 
e packer packing the packing. 
When installing a new steam-line sys- 
, the points of safety and independ- 
‘e as regards shut-downs come into 
nsideration, and if in one place a sin- 
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gle valve will not be sufficient, two valves 
will usually take care of the pressure on 
the top or under side of a.disk.. Would 
it not be high time—if the comments and 
laments of how. to place a valve: have re- 
mained unsettled for years—to agree on 
a type of valve different from. and better 
than the ordinary? Contrary to the 
present valve construction, the valve 
suggested in the accompanying sketch 
will be fool-proof, besides giving satis 
faction in other respects. It was installed 
after a boiler accident; and, as will be 
noted, the yoke is not in tension and the 
cover bolts are not strained when the 
valve is closed. 

U.ricu PETERS 
Pittsburg, Penn. 





Making a Difficult Joint 


The accompanying sketch will serve to 
illustrate the making of a difficult steam 
joint. While this joint is somewhat dif- 
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MAKING A DIFFICULT JOINT 


ferent from the ordinary flange joint in 
practice, it has proved to be a most ex- 
cellent joint for high pressure, especially 
when the flanges are rough and uneven. 
It consists of a corrugated copper gasket 
and two sheets of rubber packing. The 
copper gasket tends to strengthen the 
rubber against the pressure, and on rough 
flanges the rubber makes a joint that will 
stand test. An old copper gasket an- 
swers as well as a new one. 

A joint that is hard to make so it will 
be tight can be conquered by this simple 
plan, and if put in carefully and drawn 
up tightly, it will stand almost any pres- 
sure. By this means, too, flanges that do 
not square can be made to hold steam by 
using thick rubber on the one side and 
laying thin sheets on top on the open 
side. 

C. R. McGaHey. 
Lynchburg, Va. 





‘Odd Indicator Diagram 





A number of persons find it difficult to 
believe that the accompanying diagram is 
genuine, but I dare say numerous Power 
readers have had similar ones. I would 
like to know how it came to be like this. 
It is from a vertical, compound engine, 
which is direct-coupled to-a dynamo. The 
engine was built by Browett, Lindley & 
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ODD INDICATOR DIAGRAM 


Co., of Patricroft, Manchester, England. 
We call it the “Browett.” The steam- 
distributing valve is of the piston type 
which operates the cyl- 
This valve had been taken out 
and overhauled and on being put back 
again a diagram was taken, with the re- 
sult shown. It was given to me to study, 
find out what was the matter, and how to 
make it good. I learned something about 
engines in the process. 


between two 


inders. 


Some time before that I was given a 
which work out the 
horse-power, and I got more power out 
of the low-pressure than it appeared as 
though I ought to. This caused me to 
think that something was wrong with my 
figures, but I could detect no error. Upon 
speaking about it I was told that as the 
steam passes from the high-pressure to 
the low-pressure cylinder a little live 
steam is put into the latter, with the re- 
sult that most power is developed in the 
low-pressure cylinder. Is this considered 
good practice? If so, in what respect? 
Will not the admission of live steam into 
the high-pressure exhaust tend to force 
back into the high-pressure cylinder and 
so increase the back pressure? Perhaps 
the amount of steam put into the small 
cylinder is so small that it is almost lost 
when it gets into the larger one. 

The valve works by means of a loose 
eccentric, the position of which is con- 
trolled by the shaft governor. The low- 
pressure diagram is tolerably good; one 
end is larger than the other, but still the 
thing seems understandable. The upper 
diagram is what puzzles me. There is 
only one valve for the two cylinders. The 
steam is compressed above boiler pres- 
sure at the crank end. 

A LANCASHIRE Lab. 

Manchester, Eng. 


diagram from to 
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Why Some Producer-gas Engines 
are Unsatisfactory 





Some time ago I asked a prominent cot- 
ton manufacturer why he did not use a 
gas producer and engine as prime mover 
in the electric-drive mill he was having 
built. “Well,” said he, “I believe it 
would be more economical to use gas 
power if the system were as dependable 
as steam. But the gas engine is at times 
almost as unreliable as an ordinary gaso- 
lene engine, and delays mean big losses 
in the output.” 

Now, why did he so openly condemn 
this class of engine? Simply because he 
knew of a plant, in which an ordinary 
steam engineer was “chief,” and which 
failed to work at times. 

It should be a well-known fact that 
running a producer calls for special 
knowledge of such machinery. Factors of 
operation are introduced in gas engineer- 
ing with which an exclusively steam en- 
gineer, no matter how proficient in his 
own line, is utterly unfamiliar. 

Why, then, be so ready to condemn the 
equipment when very probably the fault 
is in the methods of gas generation and 
engine operation? The fact of the mat- 
ter is that when the supply of men who 
thoroughly understand the chemical and 
mechanical sides of gas-producer opera- 
tion is ‘sufficient to meet the increasing 
demand, we shall cease to hear of un- 
successful plants, and prejudice will die 
out. 

SHEARER. 

Charlotte, N. C. 





Belting Difficulties 





A firm finding its electrical equip- 
ment too small concluded to add another 
generator and as it had quite a sur- 
plus of power a second-hand belted ma- 
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slack side of the belt to run on the bot- 
tom instead of on the top, where it should 
have run. The belt ran back by the valve- 
gear side of the engine, up through the 
floor and out through a hole in the wall 
to the main line. 

The generator was set directly in front 
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feet long, a new belt would prove quite 
expensive; so the rig was discarded and 
the generator belted from the line-shaft, 
as shown in Fig. 2. 

Another case came to my notice when 
a firm purchased a new engine of large 
capacity, the erecting of which was in- 
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FIG, I 


of the fly-wheel and two short lengths of 
shafting were installed as shown in Fig. 
I. On one end of this shafting a clutch 
pulley was arranged, in order to facili- 
tate starting and stopping the machine. 
The main belt was carried from the fly- 
wheel under one pulley and over the 
other, as shown, and then out to the main 
line. When this rig was put in operation, 
it made a tremendous clatter, so much, 
in fact, that it was impossible to hear any- 
one talk. In addition, the short lengths 
of shafting proved to be altogether too 
light, which resulted in theit being sprung 
out of line, and heating also. 

It was also found that this lay-out 
consumed a vast amount of power, con- 
sidering the results. Larger shafting was 
installed, which prevented the springing 
out and, to a large extent, the heating. 
But the power was still being consumed 
and the service was very bad, for as the 
belt became loose it had a tendency to slip 
on the idle pulleys, which were of small 
diameter. This slipping made quite a dif- 
ference in the voltage of the machine, 














FIG, 


chine of 250 amperes capacity was pur- 
chased. The supervisor of the mechanical 
department, who was more or less of a 
theorist, decided to run this machine from 
the slack side of the belt of a large en- 
gine, which had been installed in such a 
manner as to make it imperative for the 











causing the lights to fluctuate, thus short- 
ening the life of the lamps as well as 
giving poor service. 

After a short time the main belt broke, 
wrecking the lay-out and destroying the 
belt. As this belt was about 28 inches 


wide, of double thickness, and about 80 


trusted to a man who had plenty of the- 
ory, but was woefully deficient in practical 
ability. The foundation was built ac- 
cording to his instructions, but when they 
came to place the bed of the engine, one 
end had to be forced over with a jack- 
screw to get it on to the anchor-bolts. 
The result was that everything crowded 
out of line when the engine was started, 
which caused it to heat very badly, ruin- 
ing several sets of boxes. In addition, the 
belt ran off to one side of the pulley on 
the line-shaft. A unique method of re- 
pair was tried on the driven pulley, that 
of crowning it all on one side to hold the 
belt on. This proved useless, as the belt 
ran off just the same and continued to do 
so until the engine was raised and the an- 
chor-bolts moved to bring the engine into 
line, after which satisfactory performanc, 
was obtained. It seems to me that it is not 
enough to have a theory, which may be 
all right in itself, but it is also essential 
to have practical knowledge to properly 
apply the theory. There need be no con- 
flict between theory and practice, if 
brains are employed to carry out the 
theory. 
Cuartes H. TAyLor. 
Bridgeport, Conn. 





What Caused the Rotor to Shift? 





Recently, while erecting a large direct- 
connected unit consisting of a 500-kilowatt 
alternating-current generator and a cross- 
compound Corliss engine, on the shaft of 
which the generator rotor was pressed, 
our erecting engineer reports that after 
running some little time it was found that 
the rotor had shifted its position nearly 
3 inches on the shaft. The pressure taken 
to put the rotor on was about 60 tons, 
the press allowance being 5/1ooo. In or- 
der to get the rotor back in place a pres- 
sure of over 72 tons was required, and 
after some days’ running the rotor was 
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examined and found not to have shifted, 
and is now running all right. I would 
like to know if Power readers know of 
any similar experience or could suggest 
any reason for this strange phenomenon. 
A. K. S. 
Galt, Ont. 





Combined Pump and Air Lift 





The peculiar condition suggesting this 
arrangement was the need of water on 
the top of a mountain some 700 feet above 
the source of supply, a spring at the base 
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severe, too, for a plant located in an out 
of the way place, the pump working 
against something like 350 pounds pres- 


sure. The lower one-third, at least, of 
the piping would have to be extra heavy 
and well put together. 

The installation adopted consists of a 
gasolene engine-driven air-compressor 
outfit located on the top of the moun- 
tain, near the residence or barn, where 
the cost of equipment and attendance is 
minimized. The air pipe from the com- 
pressor is connected to an ordinary di- 
rect-acting steam pump (duplex or 
single) located at the spring, the air 
taking the place of steam (this arrange- 
ment is common in mines), but instead of 
exhausting into the atmosphere, the ex- 
haust is led into the top of the chamber 
shown, into which the pump also dis- 
charges the water at the bottom. 

When in operation the water and air 
ascend in the uptake pipe in alternate 
layers exactly like an air lift, but dispens- 
ing with the submergence necessary to 
an ordinary air lift. The pump acts as 
a meter measuring out given quantities 
of water and air in proportion to the 
relative size of the two ends of the 
pump, and delivering them to the cham- 
ber at the base of the uptake pipe. The 
back pressure at the motor end of the 
pump is identical with the back pressure 
in the high-pressure cylinder of a com- 
pound pump or engine, but instead of 
completing the expansion in another en- 
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of the mountain giving about ro gallons 
a minute. The distance and the difficulty in 
getting to and from the spring made it 
undesirable to locate a gasolene engine 
and geared pump «t that point. Besides, 
the flow was so limited that to keep a 
man there for the length of time neces- 
sary to get enough water pumped up the 
hill would make the water very expen- 
The operating conditions would be 


sive, 





gine cylinder it expands in the uptake 
pipe, as it travels upward between two 
layers or pistons of water, in proportion 
to the total number of feet of water 
above it. The space required by the air 
in the uptake pipe reduces the number of 
feet of water contained in the pipe so 
that the pressure against which the pump 
works and the back pressure against 
which the motor end exhausts approx- 
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imately equal the sum of the hight of 
the different layers of water contained in 
the uptake pipe divided by two. 

In making the calculation it is neces- 
sary to take into account the clearance 
space in the motor end of the pump, also 
the leakage always met with to a greater 
or less degree in pumps, which would tend 
to the advantage of the arrangement des- 
cribed. In calculating the expansion of 
the air it is to be remembered that the 
volume and pressure of air contained in 
the cylinder at the working or high-pres- 
sure end, at the working pressure (not 
at the exhausting end at the back pres- 
sure), are to be taken as the basis. 

When an air compressor is already in 
service this plan is still more advanta- 
geous, and in places where air is used to 
operate a pump this use of the exhaust 
is equivalent to or better than adding 
another motor cylinder, i.e., using a com- 
pound pump. It is superior to the air- 
displacement system of pumping and in 
many places superior to the air-lift system. 

CHIEF ENGINEER. 

Washington, D. C. 





“Method of Testing Direct-cur- 
rent Dynamos 





In E. S. Lincoln’s article on testing 
dynamos, on page 858 of the December 
number, he gives this formula: 


—7 
d 


The correct formula is: 


_ r). 

In the example shown it makes a dif- 
ference of 5000 ohms, but if X were to 
equal 15,000 the error would be nearly 
100 per cent. 


X¥=RX 


D 


FRANK W. CERNY. 
Mesa, Arizona. 
[Mr. Cerny’s statement is correct. 
low 15,000, 
would not need to be measured because 
the machine would locate the trouble auto- 
Epirors. | 


lf 


X were as as however, it 


matically by overheating. 





The technologic branch of the United 
States Geological Survey announces that 
Bulletin No. 325, Series Q, Fuels 5, on 
“A Study of 400 Steaming Tests, with 
Deductions,” will be ready for distribu- 
tion within the next six weeks. This 
bulletin relates to the work of the Geolog- 
ical Survey fuel-testing plant at St. Louis, 
and may be obtained gratis upon applica- 
tion to the congressman from any dis- 
trict, or to the director of the United 
States Geological Survey, Washington, 
a < 
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Centrifugal Force 


We have frequently remarked that if 
a paradox in mechanics is encountered one 
should look for momentum or inertia. 
The mysterious force which a body ac- 
quires simply by being revolved about a 
center becomes very simple and under- 
standable when it is seen that it is simply 
the effort required to overcome the in- 
ertia of the body and continually divert 
it from the straight line in which it tends 
to move into the curved path which it is 
constrained to follow. 

To those the well- 
known formula for centrifugal force with- 
out a thought of its nature or derivation, 
the article on page 88 will be interesting 
as showing not only the cause of the 
force, but the way in which the formula 
is derived. A formula once made a part 
of oneself in this way is worth a hundred 
learned by rote. 


who have used 





The Suppression of Smoke 


The University of Illinois has issued a 
bulletin entitled, “How to Burn Illinois 
Coal without Prot. 1. C. 
3reckenridge, the director of its engineer- 


Smoke,” by 


ing experiment station, and prominently 
the the fuel- 
station of United States 


work of 
the 


connected with 
testing 
Geological Survey. 

The professor says very tersely: 
fuel may be economically and 
without smoke if it is mixed with the 
proper amount of air at the proper tem- 
perature.” 

Earlier he 


“Any 
burned 


“Absence of smoke 
by no means indicates perfect combus- 
tion”; and, “It is doubtful if the black 
carbon particles which issue from chim- 


Says: 


neys and which we call ‘soot’ ever amount 
to I per cent. of the fuel burned in any 
furnace. It takes but a small amount 
of soot to give a dense black color to 
smoke. If it were only to save these soot 
particles we could not afford expensive 
stoker and furnace outfits.” 

The crux of the matter is probably con- 
tained in these two utterances. It is en- 
tirely possible to burn even Illinois coal 
without smoke; but the difference be- 
tween burning it without smoke and let- 
ting it smoke is not enough in many 
to warrant the expense and pains 
the smoke-makers’ point of view. 

When a shovelful of rich bituminous 
coal is thrown upon the fire the effect is 
much the same as that of throwing on a 
bunch of kerosene-saturated waste. The 
coal is full of the same volatile elements 
as the oil contains, and in the first few 
seconds that it is subjected to the intense 
heat of the furnace great volumes of 
hydrocarbon gas are giveh off. Each 
cubic. foot of this gas calls for an equal 


cases 
from 
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volume of air, and this air must not only 
be got into the furnace, but must be 
heated to the temperature of ignition and 
brought into intimate and minute con 
tact with the gas during the brief interval 
of its passage from the fire-box to the 
heat-absorbing surface. 

The attainment of the conditions speci 
fied for burning coal “economically an 
without smoke” is not therefore so easy, 
simply as these conditions may be stated 

When the demand for steam is some 
where nearly uniform condition 
are not impossible of fulfilment with 
practicable equipment. It is when th 
rate of combustion must be varied widel 
to mect widely varying demands fo: 
power that the disturbance of the balanc: 
which and smokeless 
without excess of 
apt to be disturbed and is so difficult t 
maintain. It is when, on the peak of the 
load, a boiler with only a furnace anc 
combustion chamber adapted for the dé 


these 


produces perfect 


combustion air is si 


velopment of five hundred horse-powe: 
must be made to develop one thousan 
that the black apt to roll; 
and the station with boilers enough t 
handle the peak of the load without forc 
ing would be at a serious disadvantage i! 
standing charges, in carrying banked fires, 
or in running with poor efficiency at under 
rating. 


smoke is 


The cost.of smoke, however, is not lin 
ited to the fuel waste which it involves 
The health and comfort of the community, 
the buildings and th: 
ruin of house furnishings and of goods 


dishguration of 


exposed for sale would warrant a con- 
siderable sacrifice of ultimate dollars-and 
The 
in question contains the latest 
and best information as to how this cat 


cents efficiency in its suppression. 
pamphlet 


be done and as to how the offensiveness 
of smoking chimneys can be compara 
tively estimated. 





Hot-tube Ignition for Gas Engines 





In view of the fact that electric igni- 
tion equipment has been developed to 
point where it 1s perfectly reliable when 
intelligently installed and handled, it 
seems surprising that any internal-com 
bustion engine should be equipped now 
adays with the hot tube. Electric ignitio: 
can be timed with absolute accuracy, 
whereas the time of ignition by a hot 
tube of any given size varies with com 
pression; the higher the compression, th 
earlier will the tube fire the mixture 
This is exactly contrary to the best prac 
tice in gas-engine operation, which d« 
mands that the ignition shall be advance: 
when the compression decreases great!) 
in order to compensate roughly for th 
decreased inflammability of the mixtur: 
at low-compression pressures. Cons¢ 
quently, the hot tube is impractical 
throttling engines. 
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A greater disadvantage, however, lies 
» the fact that, with other conditions 
xed, the dimensions of the hot tube af- 
fect the time of ignition; the shorter the 
ube, the sooner will ignition occur, and 
ice versa. This has often led to serious 
rouble with gas engines operated by men 
{ limited experience. In renewing the 
tube it has happened that the new tube 
was too short, and this caused premature 
ignition, producing disaster in some cases. 

If some builders of small engines will 
persist in the use of the hot tube, they 
should send out with each engine a 
printed warning against replacing a 
burned-out tube with one which is not of 
exactly the same diameter and length as 
the old one. 





The Welding of Steam Boilers 


Boiler-insurance companies have al- 
ways been averse to allowing any part of 
a boiler to be welded which is called upon 
to sustain a tensile stress. For furnaces, 
flue-tubes or combustion chambers ex- 
posed only to externally applied pressure, 
the use of the weld is both permissible and 
desirable, for no very serious danger 
arises in case of an imperfect weld. The 
danger of a weld that will be under ten- 
sion is, of course, that there may be an 
imperfect union of the parts due to what 
is technically termed a cold shut, or to the 
presence of oxide or cinder. Oxide is a 
great enemy to a perfect weld and is best 
controlled by the use of a flame that is 
somewhat deficient in oxygen. This :s 
perhaps easiest to secure where gas is 
used as the heating agent. But in ordi- 
nary gas welding the heat is widely dif- 
fused, a large area of plate becomes hot 
and there is always some risk of burning. 
At the best, welding has not been felt to 
be safe except for non-pressure, or very 
low pressure, boilers of the domestic, 
heater type, and in these the welding must 
be very perfunctory, for it is done upon 
thin plates with no anvil resistance and 
would be quite unsuitable for serious 
pressure. 

There is, however, a system of welding 
which in small matters appears to give 
results of great certainty and high per- 
centage strength. This is the Fouché sys- 
tem with the acetylene oxygen blowpipe. 
No intention is here to be understood 
odly to advocate Fouché welds for steam 
oilers, with only the experience of thin 
and light welding to go upon. It is, how- 
‘ver, fairly certain that welds have been 
nd are regularly being made by means 

the acetylene flame which are purely 

ind and metallic throughout. The 
tylene blowpipe with oxygen develops 
enormously high temperature, and 
flame can be concentrated just 

re it is wanted. It will wash 
liquid the surfaces of metallic 
or iron in a few seconds, adding 
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heat so much more quickly than the plates 
conduct it away that heating may be con- 
fined just to the line of the weld and yet 
the welded surfaces may be brought to- 
gether molten, and perfect union occurs. 

There is no oxidation of the surfaces. 
The amount of oxygen absolutely neces- 
sary to burn the acetylene completely is 
not supplied to the flame, and this want 
of oxygen to the full chemical equivalent 
gives to the flame what is known as its 
reducing diameter; that is to say, it is 
a flame greedy of oxygen, one which will 
absorb oxygen from all surrounding 
bodies, and it absorbs it from the metal 
it plays upon, if any is present. It does 
not, because it cannot, burn the plates, 
for burning is due to surplus oxygen. 
The plates are not only not wasted by 
oxidation, but no scale or oxide is formed, 
and as far as tried on small welds the 
union is perfect and pieces welded have 
been thus tested to destruction without 
the weld failing, which would seem to 
show that the weld can be relied upon to 
be equal to solid plate. 

In ordinary tube and other light weld- 
ing any slight extra thickness of the weld 
above the general surface is, when re- 
quired, ground away by a wheel, but there 
would be no need for this elaboration 
when welding a boiler shell, and indeed 
the weld might be made a fraction full 
in every case. Such a system, if proved 
good and sufficient, would reduce by a 
large percentage the labor of making a 
boiler shell and also the weight of the 
shell. A direct reduction of weight of 
I5 per cent. would be due to the weld, if 
as strong as the solid plate, while the 
elimination of the butt-straps would 
mean, perhaps, 5 or 7 per cent. of further 
weight economized. It is worth trying 
this system of welding in large samples 
and testing them to see in what percent- 
age of cases they break through the 
welds. 





An ‘‘ Accommodator ” 


“Do you see that little cuss sunning 
himself on the doorstep?” asked the 
agent of a New England cotton mill as 
he showed the editor around the plant. 
“He draws more money and does more 
sitting around than any other man on the 
job, but when anything happens he is 
worth more than all of them together.” 

The “little cuss” referred to was the 
master mechanic and the allusion to him 
is recalled by the reception of a plaint 
from one of our readers. He left a good 
situation to take charge of a plant which 
was miserably run down. The engine 
heated and pounded, the clutch slipped, 
the boiler tubes leaked water and the 
flange joints all around leaked water and 
steam, the pumps and the air compressor 
needed packing, and the gas machine was 
“out of kilter.” He had the 


to scrape 


crank-pin brasses and put in liners, line 
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up the crosshead and fix one of the dash- 
pots so it would close the valve, grind 
both hook-blocks and pack the valve- 
stems, have the boilers re-tubed and put 
in new furnace linings, fire arches and a 
smoke arch, re-pipe the return tank and 
put a new flange on the exhaust of the 
Corliss-engine cylinder, take down and re- 
place a broken shaft, clean out and re- 
tube heaters which were a quarter full 
of mud, ete. 
When at the end of a couple of months 
strenuous endeavor, working many 
evenings and every Sunday, with no pay 
for overtime, but with an earnest interest 
in his work, he had got the plant back 


mto 


ot 


a normal condition of efficiency, a 
petty excuse was found for letting him 
go, to hire a cheaper man. 

There is a class of employers who can- 
not seem to see beyond the payroll and 
who lie awake nights if they think they 
are paying a man two dollars and a half 
a day when they might replace him for 
two and a quarter; who never think that 
a four- or five-dollar man would save 
vastly more than the difference in his sal- 
ary, not only in fuel and supplies, but in 
up-keep and continuous service. The ex- 
pense of getting the plant in question back 
into normal condition, the loss which had 
been occasioned by lack of efficiency and 
by the frequent stoppages to which it was 
subject, would probably have saved the 
entire wages of a good engineer twic« 
And yet, with a low cunning and 
an utter disregard of the moral obliga- 
tion incurred by having induced this man 
to leave 


over. 


a good and permanent situation, 
this employer did not hesitate, having 
profited by his “know how,” to let him 
go in favor of a man who would work 
for half a dollar a day less. 

The “little cuss” who was sunning him- 
self upon the doorstep drew more money 
and did more “lying around” than any- 
body on the job, but while he was “lying 
around” he was probably thinking up 
things that would save the corporation 
more than his salary, taking precautions 
for heading off breakages and interrup- 
tions, any one of which would amount to 
more than the entire payroll of the me- 
chanical department, cutting off wastes 
and keeping things up to concert pitch 
A master mechanic is doing the least for 
his money when he picks up a pinch-bar, 
and an engineer cannot earn 
neer’s wages shoveling coal. 


an engi- 

It is hard for the good man, but the 
‘niggardly employer will get the worst of 
it in the long run. He will save fifteen 
dollars a month on his payroll and lose 
fifty in waste, repairs, leaks 
of profit through 


and _ loss 
shut-downs. If the 
good man who gave up his job and his 
evenings and Sundays, and exercised his 
skill and knowledge to get the plant into 
condition again, could only have what the 
employer will probably lose by the change 
there would he some degree of fitness in 
it, but he won't. 
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Devices 


Used 








Rex Metallic Engine Packing 





A simple form of metallic packing, 
known as “Rex,” has recently been placed 
on the market. It is made from a metal 
_ composition impregnated with flake graph- 
ite and cylinder-oil and supplied in the 
form of shavings, as shown in the ac- 
companying illustration. 

Owing to its nature, it may be used in 
any stuffing-box regardless of size, and is 
always ready for use. It is adapted to 
pressures up to about 185 pounds per 
square inch and temperatures up to about 
480 degrees Fahrenheit. 

The application is simple; the shavings 
evenly placed in the stuffing-box 
around the rod and driven into a com- 
pact mass with a wooden rod and ham- 
mer. The stuffing-box is nearly filled, 
leaving room for one round of soft pack- 
ing, which allows of easy expansion of the 
metal packing and also prevents leakage of 
water. 

In case the bottom of the stuffing-box 
has so large an opening as to allow the 
metal shavings to wedge in around the 


are 
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The Osborne Hydrostatic Steam- 
trap System 





This system is for discharging water 
from steam and air pipes, steam separators 
and such apparatus as may be connected 
therewith; and in design, construction and 
preparation is a radical departure from 
the ordinary methods and devices in com- 
mon use for this purpose, inasmuch as 
with this system there are no pots, floats, 
expansion members, weights nor counter- 
balances. 

As its name implies, this system is oper- 
ated by the difference in hight of a water 
column. There are in fact, however, two 


_ columns of water, one of a constant hight 


and the other variable; and the variation 
in the hight of the latter column acting 
on a flexible metal diaphragm that sepa- 
rates the two columns of water actuates 
the valve mechanism of the trap system. 
As shown in the sketch the system con- 
sists of a hollow overflow casting A con- 
nected to the valve body B by the two 
pipes C and D; the pipe C containing the 
constant or static column of water, and 

















A HANDFUL OF 


rod, a copper washer, made in two parts, 
may be placed in the stuffing-box, and 
the metallic packing bottomed the 
washer. 


on 


It is manufactured by the American- 
Goetze Gasket and Packing Company, 


527 East 149th street, New York. 


“nex” 


METALLIC PACKING 


the pipe D a variable column, the latter 
pipe being that through which the water 
is discharged from the system to the out- 
let of the valve body B. 

The valve body is made in two parts, 
bolted together. Between them is a flex- 
ible metal diaphragm which operates a 





INTERESTING 


very simple reactionary valve mechanism 
in the upper part of the valve body and is 
readily accessible and removable by un 
bolting the cap E, without disturbing any 
of the pipe connections. The pet-cocks f / 
are for drawing off the water to prevent 
freezing, etc. 




















OSBORNE HYDROSTATIC STEAM-TRAP SYSTEM 


The operation is as follows: The inlet 
at the top of the overflow fitting being 
connected, say, to a steam separator or 
other device, steam and water will flow 
into the overflow fitting, filling the lower 
part of the valve body B and the pipe C, 
and in so doing exert a pressure, propor 
tional to its density, on the under side 
of the diaphragm equal to the vertical 
hight between the overflow fitting and 
the diaphragm. By this means the valve 
is closed and firmly held in place. The 
surplus water then overflows into the 
pipe D, counteracting the pressure of the 
column C, thereby actuating the valve 
mechanism and opening the valve for the 
discharge of the accumulated water. 
When the surplus water is discharged, the 
valve closes and is ready to repeat the 
operation when the necessary amount of 
water has again accumulated. 

The diaphragm is made of very thin 
flexible metal, as it, is subjected to no 
strain, except that due to the difference in 
pressure caused by the difference in hight 
of the two water columns, and as its 
movement is only about one-half inch and 
relatively slow, it is very durable. By 
taking off the cap E the entire valve 
mechanism can be removed and repaired 
or replaced, when the trap system is as 
good as new. With this system the steam 
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is always sealed from the discharge valve 
by from 12 to 15 inches of water. It will 
discharge a small or a large quantity of 
water, either continuously or intermit- 
tently. A by-pass valve is provided for 
cleaning and blowing out, and all parts are 
made to gage and are interchangeable. 

This system is the property of W. L. 
Osborne, 356 Dearborn street, Chicago, 
Illinois. 





An Endless, Lapless and Cement- 
less Belt 


Che chief troubles which have developed 
in the use of ordinary leather belting have 
been due to stretching, breaking of 
cemented joints and the failure of laced 
jeints and slippage, due to imperfect con- 
tact with the pulleys. The presence of 
the cemented joint furthermore disquali- 
fies the belt in which it is used for service 
involving contact with dampness, acids, oil 
and alkali. 

An ideal leather belt should be endless, 
lapless and free from cement. Such a belt 
is found in the “C. F. A.” laminated belt 
which is made up, in the manner shown 
in the accompanying engraving, of indi- 
vidual strands cut in one continuous strip 
from a complete hide. In its manufacture 
a circle of the largest possible diameter is 
cut out of the hide and this circle placed 
upon a machine which reduces it by cut- 
ting it spirally to a strip of uniform width 
and thickness. Each strip is then stretched 
independently, and when the belt has been 
completed it is subjected to a further and 
final test, removing any possibility of 
troublesome stretch after the belt has been 
put into operation. In order to equalize 
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linen binder, but where chemicals or acids 
are encountered wire sewing is used. With 
this construction the binding thread has a 
strength and efficiency equal to the ma- 
terial of the belt and on test the leather 
usually parts before the sewing fails. The 
belt is of uniform gage in width and 
thickness, which gives it a greatly in- 
creased gripping power, which is further 
increased by the fact that the laminations 
work on the cut edge instead of on the 
usual grain side; this enables a greater 
load to be carried with the same width of 
belt, or, by the reduction of slippage, adds 
to its efficiency and endurance. The belt is 
extremely flexible and yields in consider- 
able thicknesses, to bending about pulleys 
of small diameter. The absence of lacings 
or other joints prevents the frequent shut- 
downs necessary for re-lacing and avoids 
the noise and vibration caused by the pass- 
ing of bunchy fastenings over the pulleys. 
It is manufactured by the Laminated Belt- 
ing Company, 51 Beekman street, New 
York City. 





Little’s Combined Indicator and 
Planimeter 





If one could have an indicator diagram 
for every stroke which an engine made 
and have that diagram measured by the 
planimeter, he can tell many 
square inches of diagram the engine had 


so how 
made in a given time, he would be able 
to accurately state the horse-power, no 
matter whether the speed of the engine 
had or 


whether the engine had been running in 


been constant or intermittent, 


one direction or constantly reversing. 


If a wheel be held with its axis at 
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ly equal amount when the drum is re- 
turned to its original position; so that, 
when the angle of the wheel is not 
changed no motion will be acquired by 
it, and if it were a planimeter wheel, no 
area would be measured. 

Suppose the axis of this wheel should 
be attached to the piston-rod of an in- 
dicator, as shown in Fig, 3, so that as the 
piston arises the inclination of the wheel 
is increased, then when the inclination is 
greatest, as when the steam line of an in- 
dicator diagram is being drawn, the wheel 


will receive its greatest motion. As its 
KK, 
yw —\ 
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FIG. I 


angle of inclination decreases with the 
drawing of the expansion line, it will 
gradually move less and less, and when 
the motion of the drum is reversed upon 
the back stroke, if the wheel is still in- 
clined in the same direction with regard 
to the perpendicular, it will turn back- 
ward (as would be the case if the wheel 
stood square at the atmospheric pressure 
and there were some back pressure), and 

















the effect of a possibly weak strip, the 
ends of the strips alternate; that 1s to say, 
an end which came from the center of the 
s placed next to the end of the next 
which came from the edge, and so 
on until the width of the belt has been 
built up. 
the strips are sewed together for or- 
dinary conditions by means of a cable-laid 





SHOWING THE 


the 
it will receive no mo- 


right angles to the axis of 
drum, as in Fig. 1, 
tion if the drum is turned about its axis. 


If the of the inclined to 


paper 


axis wheel is 


that of the drum as shown in Fig. 2, the 
wheel will be revolved in one direction as 
the cord of the indicator is pulled out, and 
if the angle of inclination remains con- 
stant, will be revolved backward an exact- 


METHOD OF MAKING THE SPLICE 


an area proportional to the back pressure 
will be taken out. If on the other hand 
the engine were running condensing, the 
wheel would be tipped in the opposite 
direction and its onward motion would 
continue with the reversal of the motion 
of the drum, and an area proportional to 
that of the condensing diagram below the 
atmospheric line would be added. 
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Such an indicator was invented and 
patented by the writer hereof some 
twenty years ago, brought about by the 
necessity of ascertaining the total power 
generated by rolling-mill engines running 
under conditions so erratic that the ordi- 
nary processes of indication afforded no 
information whatever. 

We have recently learned of the inven- 
tion by W. G. & C. W. G. Little, of 
Brockhurst, Sussex, England, of an inte- 
grating indicator along the same lines. 
The ordinary cylinder is replaced by a 
shorter cylinder, about which is a band of 
hardened brass against which the planim- 





So | x 














FIG, 2 


eter wheel bears. This brass may be 
slid up and down so as to present a new 
surface to the wheel, although the wear 
is inappreciable, and it will run for a long 
time in one position. The planimeter 
wheel is mounted as shown, a worm-gear 
upon its shaft engaging with a counter 
consisting of two toothed wheels, one 
having 100 and the other g9 teeth, the 
upper being graduated into 100 divisions, 
a simple and well-known device for re- 
cording a large number of revolutions. 
A scale on top of the drum indicates the 





FIG. 3 


stroke of the drum, which can be meas- 
ured by means of a vernier to 1/200 of 
an inch. The index wheel may be made 
to indicate square inches of area diagram, 
or anything proportional thereto, and it 
is evident that calculations in regard to 
aggregate work performed, average horse- 
power, mean effective pressure, etc., can 
be easily made. The effect is the same in 


fact as though an indicator diagram were 
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m 
taken for every stroke and the planim- 
eter applied to each of these diagrams, 
and its indications aggregated. 





The ‘‘ Standard’ Waste-oil 
Purifier 





The construction of this device is 
clearly shown in the accompanying illus- 


tration. An essential feature is the 
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“STANDARD” WASTE-OIL PURIFIER 


water column in the center, by means of 
which the oil is heated to facilitate the 
precipitation of impurities. No cotton 
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the water-line faucet E. Then the puri- 
fier is ready for operation. 

Waste oil poured into the hopper D 
will pass down the two pipes and up 
through the water. Opening the valve F 
admits steam (exhaust steam will do) 
to heat the water column, and from 
this will radiate uniformly heat enough 
to moderately warm the oil, when the im- 
purities in it will settle to the bottom by 
gravity. It only takes a few days to 
purify a tankful of oil by this means. 
The clean oil is drawn from the faucets 
G and H, as wanted. 

To clean the purifier, which should be 
done every six months, the oil is allowed 
to run low, say to the water line, and the 
faucets H, G, E and J opened. Then by 
opening the valve J, steam is admitted to 
stir up the accumulation at the bottom, 
which will be washed out through the 
faucet J. 

These purifiers are made in eight sizes, 
of capacities ranging from 32 to 600 gal- 
lons, by the R. P. Metz Manufacturing 
Company, 608 North Hancock street, 
Philadelphia, Penn. 





Mathews Portable Boring Bar 





Herewith is illustrated a new portable 
boring bar for re-boring cylinders and 
facing the flanges. The bar proper is made 
of a hollow steel tube turned and ground 
to size. The tool head is so arranged 
that the tool can be fed out and the back 

















MATHEWS PORTABLE 


waste or other filtering material is used. 
The purifying process is best understood 
by a description of the method of opera- 
tion. The preparatory steps are as fol- 
lows: First, steam connection is made at 
A; next a drip-pipe is attached to the 
drip B; then water is poured into the 
funnel C, to fill the column; and, lastly, 
water is poured into the hopper D, flow- 
ing down the two pipes until it reaches 


CYLINDER BORING BAR 


counterbore of a cylinder can be re-bored 
without changing the bearings of the bar. 
The bar is driven by a train of cut gears, 
either by crank, belt or sprocket chat. 
The feed gears and screw are made 

steel and the feed nut of bronze. A right- 
angle drive is also furnished for boring 
vertical cylinders, or for horizontal cy! 
inders where the side of the cylinder 

close to the wall. The illustration shows 
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the attachments for boring cylinders with 
one head removed; for boring cylinders 
where both heads are removed an addi- 
tional cross-plate and bearing are pro- 
vided. These bars are made for cylinders 
up to 72 inches in diameter by Hugh 
Mathews, Fifth and Washington streets, 
Kansas City, Mo. 





The Simonds Receiver and 
Separator 





The Simonds steam receiver and sepa- 
rator was designed not only with a view 

















FIG. I. SIMONDS RECEIVER AND SEPARATOR 


to delivering dry steam to the engine, but 
to afford ample steam storage as close to 
the point of delivery as possible and, by 
doing away with abrupt baffling, to elim- 
inate objectionable reverse currents. It 
is argued that with a large storage of 

















F] 2. LOOKING INTO TOP OF SIMONDS RE- 


CEIVER AND SEPARATOR 


” 


team at the engine throttle, pipe vibra- 
will be overcome, and approximate 
tr pressure will be maintained in the 
gine cylinder. Also, with ample stor- 
capacity any water, however much, 
wn over from the boiler will be held 
e separator and kept from going over 
to the engine. As will be seen by refer- 
to Figs. 1 and 2, old-style baffle- 
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plates are dispensed with, the steam pas- 
sage making an easy spiral swep, the re- 
sistance to steam flow probably being less 
than would be occasioned by an elbow in 
the steam pipe. 

These receivers and separators are fur- 
nished with flanges or screwed nozzles 
and may, therefore, be bolted directly to 
the throttle flange, or raised above the 
throttle and a pipe connection made. They 
are built in any size required, with varia- 
tion of design to suit the existing con- 
ditions, by the Simonds Heating and 
Specialty Company, Grand Rapids, Mich. 





The “ Pittsburg ’’ Steam Trap 





Herewith is shown a sectional view of 
the “Pittsburg” steam trap, the product 
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forced up through the pipe F to the cham- 
ber C and out through the discharge pipe. 

The discharge continues until the water 
reaches the low-water line in the bucket 
A, when the bucket rises and closes both 
valves, leaving the outlet always water- 
sealed. These traps are.made to work un- 
der any pressure, up to 250 pounds, in the 
following sizes: %4-, 1-, 1%4-, 1%4-, 2- and 
24-inch. 





Although the production of crude pe- 
troleum in America is making enormous 
strides every year, the bulk of this comes 
from new territories which yield heavy 
oils containing little or no spirit. In fact, 
the fields which have in the past supplied 
the world with petroleum spirit and high- 
class illuminating oils are, it is said, fail- 
ing, so much so that the center of produc- 
tion is no longer in the eastern States, 
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SECTIONAL VIEW OF “PITTSBURG” STEAM TRAP 


of the Consolidated Manufacturing and 
Supply Company, of Pittsburg, Penn. At- 
tention is especially directed to the valve 
construction, providing valve area equal to 
the inlet or discharge connections and 
making wire-drawing practically impos- 
sible. In operation, the condensation 
flows into the body of the trap, and over- 
flows into and fills the bucket A, which 
sinks and opens the auxiliary valve B, 
when the pressure escapes to the chamber 
through the ports DD and G;; this equal- 
izes the préssure on the large valve E, 
which opens instantly and the water is 


but lies equally between the Gulf States 
and California. Recent work in the mid- 
continental fields shows, however, that 
there is a prospect of the supply of high- 
grade oils being increased.—The Engineer 
(London). 





A main shaft 200 feet long and driven 
at one end made three-quarters of a turn 
there before the pulley on the opposite 
end moved.—W ood Craft. 





There’s many a slip twixt the engine and 
the shaft, with a poor belt 











Inquiries 


Questions are not answered unless they are 
of general interest and are accompanied by 
the name and address of the inquirer. 








Size of Steam Pipe Required to Supply 
Two Engines 

What size pipe should be used to give 
proper results to supply two engines with 
steam, one 14x16 and one 12x14, the 14x16 
to run 260 revolutions and the 12x14 to 
run 160 revolutions, supplied from a 150- 
horse-power boiler carrying 150 pounds 
steam, having a 6-inch opening? 

L. z. F. 

The 14x16 at 260 revolutions per minute 
will displace 741 cubic feet per minute; 
the 12x14 at 160 revolutions, 293 cubic 
feet per minute; and both together: 


741 -+ 293 = 1034 
cubic feet per minute. 

To furnish this volume at a velocity of 
6000 feet per minute would require a pipe 
having a section of 

1034 X 144 


— = 24.8 square inches, 


which would call for a 6-inch pipe. 


Why the Drain Pump Fails to Prime 

Why will an automatic duplex drain 
pump, used for pumping condensation 
from exhaust-steam heating coils, “run 
off’ when the pressure is reduced, say, 
25 to 30 per cent.? We carry about 2% 
pounds pressure, and if the pressure on 
the coils is reduced, by reason of the en- 
gine load being slightly reduced, the 
pumps will apparently lose their priming 
and not take water. This will take place 
when the air-blast fans are running and 
the receiver for the pump has plenty of 
water, holding up the automatic float 
valve which controls the delivery of steam 
to the pump. This happens with all three 
of our systems. 

> 2 

It would seem that the reduction of 
the suction side deprives the pump of 
head enough to get the water in as 
fast as the piston moves away. The 
pump should be sufficiently below the re- 
ceiver so that there will be head enough to 
lift the valves and feed the water into the 
pump as fast as it will take it. 


Ratio of Cylinders in Triple-expansion 

Engines 

Knowing the total number of expan- 
sions of a triple-expansion engine, how are 
the number of expansions in each cylinder 
and the ratio of the cylinders determined? 
Give formula. 

A. M. 


The ratio of cylinders in a triple-ex- 
pansion engine is too complicated a subject 
to be discussed here. Have you our little 
fifty-cent pamphlet on “Compound En- 
gines?” <A study of that would make the 
matter clear, probably. The total number 
of expansions is the number of expansions 
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in the first cylinder multiplied by the ratio 
between the first and the intermediate, mul- 
tiplied again by the ratio between the in- 
termediate and the low. The designer 
must make this product equal to the num- 
ber of expansions that he desires, but 
there are many factors which will deter- 
mine his ultimate decision. 


Specific Heat at Constant Pressure and 
Volume 


Define specific heat at constant pressure 

and at constant volume. 
A. M. 

The specific heat is the amount of heat 
required to raise a pound of the given sub- 
stance through one degree. When dealing 
with a gas this quantity will be very dif- 
ferent if the volume of the gas is allowed 
to change, because when the volume 
changes heat is converted into work and 
therefore all of the heat applied does not 
go to changing the temperature of the sub- 
stance. The specific heat at constant pres- 
sure and changing volume is therefore al- 
ways more than that at constant volume. 


Air-compressor Piston Speed 

What is the fastest piston speed an air 
compressor can be run with and fill the 
cylinder with air at atmospheric pressure, 
using Corliss or other mechanically oper- 
ated intake valves? 

L. T. &. 

Nordberg gives 600 feet in his catalog, 
but in the test of his compressor, reported 
at the December meeting of the American 
Society of Mechanical Engineers, it did 
not reach the speed intended. The Laid- 
law-Dunn-Gordon Company gives 550 feet. 
The Ingersoll-Rand Company has a line of 
piston-inlet compressors in which a speed 
of 585 feet can be maintained all day long, 
filling the cylinder entirely up to the at- 
mospheric pressure at every stroke. Some 
of these compressors have been run in the 
shop all day at over 600 feet. The usual 
speed of commercial compressors has gen- 
erally not been above 400 feet. 





Centrifugal Blowers for High 
Pressure 





In a recent utterance upon the above 
subject, Prof. A. Rateau says that the de- 
velopment of the steam turbine and the 
electric motor, making available high 
angular velocities, has encouraged the 
development and use of centrifugal blow- 
ers for considerably higher pressures than 
those for which they were hitherto con- 
sidered adapted. A machine was con- 
structed from his design in 1899, in 
which the peripheral velocity was 250 
meters (820 feet) per second. This forced 
air against the pressure of nearly six 
meters of water with an efficiency of 30.7 
per cent., the efficiency being the relation 
between the energy represented by the 


- farther down in the list. 
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adiabatic compression of the air and the 
theoretical energy derivable from the ex- 
pansion of the steam used between the 
available pressures. By mounting severa! 
of the runners in series the air may be 
compressed to a considerable pressure 
Such a machine built in 1906 with fou: 
runners in series compresses the air to 6 
and even to 7 atmospheres. On test, this 
inachine has compressed air to above 100 
pounds gage, with an efficiency, expressed 
as above explained, of 70 per cent. in th: 
first three stages, and with the reason 
for the deficiency in the fourth  suffi- 
ciently developed so that it can be cor 
rected in future machines. The General 
Electric Company has been developing at 
Lynn, Mass., a line of direct-connected 
centrifugal compressors, but has not, so 
far as we know, attempted to compound 
them for use with high pressures. 





A Year of Petroleum Production 





The production of petroleum in the 
United States. during the year 1907 was 
126,463,936 barrels, having a total value of 
$92,444,735- : 

This output was furnished by the five 
great fields, as follows: Appalachian field, 
27,741,472 barrels; Lima-Indiana-lIllinois 
field, 21,921,711 barrels; mid-Continent 
field, 21,718,648 barrels; Gulf field, 21,645,- 
425 barrels; California field, 33,098,508 
barrels, and from scattered States and 
areas, chiefly Colorado and Wyoming, 
338,082 barrels. 

As to the rank of the various States in 
the production of petroleum, California 
furnished nearly one-fourth of the total 
output and still holds first place as to 
quantity, and Kansas, Indian Territory 
and Oklahoma, jointly, hold second place. 
If the production of these States were 
separated, however, it is probable that 
Indian Territory would fall into seventh 
place, while the other two would be much 
Ohio occupies 
third place, and is followed by Texas, 
Pennsylvania, West Virginia, Louisiana, 
Indiana, Illinois, New York, Kentucky, 
Tennessee, Colorado, Wyoming, Michigan 
and Missouri in the order named. 

In value of oil produced Ohio stands 
first, with Pennsylvania and West Vir- 
ginia second and third. Kansas, Indian 
Territory and Oklahoma, jointly, have 
fourth place, and California fifth. The 
order of the other producing States in 
value of output is: Indiana, Texas, Lou- 
isiana, Illinois, New . York, Kentucky, 
Tennessee, Colorado, Wyoming, Michigan 
and Missouri. 

The greater part of the oil from the 
California and Gulf fields is consumed as 
fuel, but only a small proportion of that 
produced in other fields is so utilized. 
Any of the oils can be made to produce 
more or less ef a commercial product— 
Commercial America. 
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The 


Gas 


SY CECIiL 


THE MIxING VALVE 


Besides the exhaust valve and the main inlet valve, 
there is frequently employed what is termed a “mixing 
valve,” the function of which is to produce a more in- 
timate mingling of the particles of gas and air than 
would occur if the constituents were merely 


two 








FIG. I8. 


ONE FORM OF MIXING VALVE 
turned into the inlet passage together from their re- 
spective sources. The general principle of all mixing 
valves is the same; the object is to break up the 
stream of gas into particles and to mix those with the 
particles of the incoming stream of air, and the gen- 
eral method is to force the gas and air to pass through 
a number of small openings together and to change 
their direction of flow abruptly in passing through 
these openings. Fig. 18 illustrates the form of mix- 
ing valve in use by one of the prominent American 
builders. The air-supply pipe is enlarged near the en- 
gine intake and a cylindrical chamber is secured in the 
center of this enlarged part; the gas is led in to the 
central chamber and passes from it into the air pipe 
through slots, as indicated by the arrows g, g; in the 
air pipe it meets the stream of air coming up from be- 
low as indicated by the arrows a and a, and the air 
gas together flow into the engine intake passage 
‘ough narrow ports in the upper end of the vertical 
*, aS indicated by the,arrows m and m. The but- 
ry valve T is a throttle, controlled by the governor 
regulate the quantity of mixture admitted to the 
ylinder. 
n all gas engines, provision is made for adjusting 
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Engine—Part Second 


Pr. POOLE 


Almost 
always the adjustment is made by means of a hand- 


the proportion of air to gas in the mixture. 


valve in the gas-supply pipe, the flow of air being un- 
impeded until the mixture reaches the throttle, if 
there be a throttle. 
special valve is used which simultaneously throttles the 
gas supply and opens up the air-supply passage to 
’ and vice versa. 


On some engines, however, a 


make the mixture “poorer,’ 


IGNITION 


It is almost universal practice now to ignite the 
mixture in the cylinder of a gas engine by means of 
an electric spark. 
is accomplished by this means also, but there are many 
em- 


Ignition in most gasolene engines 


kerosene engines in which other methods 


ployed. 


are 


MAKE-AND-BREAK SYSTEM 


There are two general systems of electric ignition: 


- the ‘““make-and-break” and the “jump-spark’”’ systems. 


In the former, which is used in most stationary en- 
gines, electric current is passed through two separable 
contacts located in the cylinder and connected in se- 
ries with an inductive (not induction) or “sparking” 
coil, and at the proper instant the contacts are sepa- 
rated by a mechanism operated from the valve-gear 
shaft. Upon the separation of the contacts, the cur- 
rent forms a spark between them, and this spark is 
greatly enhanced by the inductive coil in the circuit. 
Fig. 19 is a diagram of the ignition circuit of this 
system in which the separable contacts A and B are 


Spark Coil 
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FIG. 19. ELEMENTARY DIAGRAM OF A MAKE-AND-BREAK 
IGNITION SYSTEM 


of the hammer type, held in contact with each other 
by a spring; T is a trigger attached to the same spin- 
dle as the pivoted contact A and located with its tip 
in the path of a trip-rod F, which is lifted at the 
proper moment by a cam or some other form of 
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mechanism mounted on or operated from the valve- 
gear shaft. As the rod F is lifted, the stop J presses 
it away from the end of the trigger 7, allowing the 
latter to be drawn back into place by the helical spring 
The end of the rod F is corstantly presse 
toward the stop J by the flat spring S. 


shown. 


Just before 
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FIG. 20. IGNITER OF A MAKE-AND-BREAK S YSTEM 
the rod F is lifted to move the pivoted contact A away 
from the stationary contact Bb, the electric circuit is 
closed by the cam C wiping against the spring D, and 
the contacts are separated while the cam and spring 
are in contact and the circuit closed. When the con- 
tacts separate, opening the circuit, the spark coil gives 
an inductive “kick,” and produces a much larger spark 
at the contacts than would occur if it were not in the 
circuit. The contact pieces A and B are, of course, 
located inside the cylinder; the stud of B and _ the 
spindle of A pass through an insulating block to the 
outside, where the electrical connections are made and 
the trigger T is attached. The source of current is 
indicated diagrammatically at E as an electric battery, 
but small electric generators are largely used for this 
purpose, 

In some make-and-break systems the circuit-clos- 


ing cam and spring C and D are unnecessary, the 























{ 
\ 
fs 
‘ — 
\ E — 
/ Vv | Sas 
) | { —_— 
- 
FIG. 21. ELEMENTARY JUMP-SPARK SYSTEM 


circuit being first closed and then opened by the spark- 
ing contacts. Fig. 20 illustrates the elementary prin- 
ciples of such a system, in which the rocking contact 
A is brought into contact with the stationary terminal 
B by means of the cam C and tongue D, a coil spring 
S being interposed between the hub G and the spindle 
of the contact 4. The use of this spring makes it 
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possible to insure firm contact between the tips A and 
B without extremely accurate proportioning of the 
cam C and corresponding setting of the hub G; it 
also gives a sudden separation of the contacts when 
the cam passes the tip of the tongue D, and this en- 
hances the action of the inductive or spark coil. 

The wires w and w lead to the spark coil and the 
battery or generator, and correspond to the wires w, 
w in Fig. 19. The block H is made of metal, and 
the spindle of the contact 4 is not insulated from it; 
consequently, the current can pass from the binding- 
post through the block H to the contact piece 4. 
The stud of the contact piece B passes through a bush- 
ing of insulating material such as vitrified porcelain, 
so that there is no direct electrical connection between 
4 and B when their tips are separated. 


JuMP-SPARK SYSTEM 


In the jump-spark system, an induction coil is used 
instead of a simple spark coil and the terminals inside 
the cylinder are both stationary, with their tips very 
close together so that the induced spark can jump 
across; the usual practice is to space the spark points 
or tips 1/32 to 1/16 of an inch apart, more often the 
smaller distance. Fig. 21 illustrates the principles of 
the jump-spark system. The sparking points A and 
B are mounted in an iron plug, G, from which they 
are insulated by porcelain bushings through which 
they pass. From these, wires extend to the secondary 
terminals of an induction coil. The primary winding 
of the induction coil receives current from a battery or 
other electrical source, E, through a circuit-closing 
cam and tongue C and D and a vibrator ’. The lat- 
ter consists of a steel spring carrying a soft-iron piece 











FIG. 22. SPARK PLUG 
which is in line with the end of the iron core of the 
induction coil. When the primary circuit is open, the 
vibrator spring rests against a contact screw K, clos- 
ing the circuit at that point. When the cam C comes 
into contact with the tongue D, the primary circuit is 
completed ; the iron core of the coil is magnetized b; 
the passage of current in the primary winding and 
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tracts the vibrator /’, drawing it away from the 
mtact A, and opening the circuit there; then, the 
m core being demagnetized by the cessation of cur- 
nt in the primary winding, the spring rebounds into 
mtact with the screw KA, closing the circuit again. 
the 
period of time while the cam C is rubbing against the 


(hese actions occur several times within brief 


tongue D, and the successive magnetization and de- 
nagnetization of the iron core of the coil induces a 
rapidly alternating current in the secondary winding ; 
this current is of such high electromotive force that it 
readily jumps across the small air-gap between the 


terminals 4 and B in the cylinder, and produces a 


rs Cooling Water 
E | Outlet 
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is in permanent metallic contact with the cylinder, be- 
cause the plug G is screwed into the cylinder wall. 
AUTOMATIC IGNITION 

There are some oil engines which are not provided 
with any auxiliary apparatus for igniting the charge, 
because none is needed, The engine illustrated in Fig 
23 is one of these. It is designed to burn kerosene 
oil, which is injected by a small pump into a cylindrical 
chamber, known as a vaporizer, which is connected to 
Air 


alone is drawn into the cylinder through the inlet 


the engine cylinder by a constricted passage, \. 























Exhaust 





KEROSENE ENGINE WITH 


series Of. flashes or sparks there which ignite the 
mixture, 

(here are, of course, many variants of the two sys- 
tems, but it is impracticable to describe here all of the 
arrangements actually in use. The jump-spark system 
as generally applied, however, does not include two 
insulated terminals or spark points in the cylinder. 
One of these is mounted in the metal plug and the 


other 


insulated from it, as illustrated in Fig. 22, 


where the point 4 is shown set into the plug G and 
the point B is insulated from it by the porcelain sleeve 
!,/. One of the wires from the secondary of the in- 
duction coil is attached to the outer end of the insula- 
ted sparking point, as shown in the drawing, and the 


other may be attached to any part of the engine that 





\ VAPORIZER OPENING 





INTO THE CYLINDER 


valve during the suction stroke, and at the same time 
the oil pump discharges a jet of kerosene into the 
vaporizer, which is kept hot by the repeated explo- 
sions. The oil is vaporized by the heat of the cham- 
ber, and when the piston returns on the compression 
stroke, the air is forced back into the vaporizer through 
the neck N, mixing with the oil vapor to form an ex- 
plosive mixture. The compression of the air and the 
temperature of the vaporizer are so related that at 
the end of the compression stroke the mixture ignites 
by reason of the increase in temperature due to com- 
pression. The rear end of the vaporizer is covered by 
a hood, H, to prevent its being cooled by outside cur- 
end near the neck is water- 


rents of air, while the 


jacketed like the cylinder. For starting the engine up 
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cold, the vaporizer is heated by applying a blow 
torch or similar lamp at the mouth of the hood, be- 
neath the vaporizer. 

In another kerosene-burning engine a thin metal 
plate is fastened by a small stud in the clearance space 
of the cylinder and a spray of oil is squirted on this 
plate through an atomizing nozzle by the oil pump, 
just as the piston completes the compression stroke. 
The plate, being thin and not in direct contact with 
any cooling medium, remains constantly at red heat, 
so that the oil is ignited as soon as it touches the 
plate, the clearance being filled with compressed air to 
support combustion. 

Still another method of obtaining automatic igni- 
tion consists of compressing air alone in the engine 
cylinder to such a degree as to raise its temperature 
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ment of ignition can be adjusted through a considera- 
ble range, because it is usually necessary to ignite the 
mixture before the piston reaches the end of the com 
pression stroke, and the extent to which ignition i: 
advanced varies according to the character of the mix- 
ture, the speed of the piston, and other working con 
ditions. It is impracticable to obtain a perfect mix 
ture of the air and gas—that is, a mixture in whic! 
every atom of the gas is in contact with its proportio: 
of the oxygen in the air, and there is no excess air 
and a certain length of time, though very brief, is re 
quired for the flame to spread throughout the mix 
ture, this time interval being increased by the imper 
fection of the mixture just mentioned. Therefore, in 
order that complete inflammation may be obtained at 
the desired moment (when the piston is at the end of 
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FIG. 24. 


above the ignition temperature of oil, and injecting 
the oil into the clearance space in the form of a very 
fine spray. No hot plate is required because the com- 
pressed air is hot enough to ignite the particles of 
oil as fast as they are sprayed into the clearance space. 
The oil is forced in by means of a jet of compressed 
air supplied by a separate pump; delivery into the 
cylinder begins at the completion of the compression 
stroke and continues for a brief time after the piston 
has started on its power stroke. 


TIMING THE IGNITION 


Practically all gas engines and most gasolene en- 
gines are provided with mechanism whereby the mo- 









KEROSENE ENGINE IGNITING BY 


VAPORIZER BULB HEAT 


the stroke) the mixture must be ignited a little ahead 
of time. 

The fraction of the piston stroke by which the mo- 
ment of ignition is advanced depends chiefly upon 
the inflammability of the mixture and the speed of the 
piston. A thoroughly mixed and well-proportioned 
charge of gas and air will burn much more rapidly 
than a poorly mixed charge of correct proportions oF 
a well-mixed charge of incorrect proportions, while a 
poorly mixed charge of unfavorable proportions will 
be comparatively sluggish in becoming fully aflame. 
Now, in order to get the most out of the fuel, the 
whole mass should be aflame when the crank is just 
over the exact dead center, and a mixture that is slow 
burning must be ignited farther ahead of the dead- 














January 21, 1908. 





center position of the crank than one that burns more 
For example, suppose that a certain mixture 
requires, under the conditions of operation, one two- 
hundredth of a second for the flame to spread through- 
out its entire mass after being ignited; then it should 
be ignited when the piston is at such a point in the 


rapidly. 


compression stroke that one two-hundredth of a sec- 
ond will be occupied by the crank in reaching the posi- 
tion just barely over the exact dead center. In prac- 
tice it is not necessary to measure the time required for 
a mixture to become completely aflame because the 
proper setting of the igniter can be readily ascertained 
by a little experimenting. 

The “timing” of the igniting spark in gas and gaso- 


lene engines is highly important. If the mixture is 


Ignition 25% early 





FIG. 25 


Ignition 16% early 











FIG. 27 
Ignition 5% late 
FIG. 29 


ignited too soon, the rise of pressure due to combus- 
tion progresses too far before the crank reaches the 
dead center, producing wasteful and perhaps danger- 
ous back pressure. If ignition occurs too late, the ex- 


plosion pressure does not rise to the proper hight and 


the power of the expansion stroke is reduced. Figs. 
25 to 30 inclusive are reproductions of actual indi- 
cator diagrams taken from an engine running on 
natural gas and with the ignition varied from 25 per 
cent. ahead of the end of the compression stroke to 
lO per cent. of the power stroke of the piston. That 
is, the diagram of Fig. 25 was taken with the igniter 
timed to produce the spark when the piston still had 
urth of its stroke to make before the crank 


the dead center, and Fig. 30 was taken with 
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the igniter set to make the spark when the piston had 
traveled one-tenth of the expansion stroke. 

These diagrams illustrate very clearly the effects 
of different timing. In Fig. 25 ignition occurred so 
early that the combustion pressure attained its maxi- 
mum before the end of the compression stroke, causing 
This is 
In both 
cases pounding was caused by the premature rise of 


the negative loop at the top of the diagram. 
also true of Fig. 26, but to a less extent. 


pressure, and this was so vicious in the first case that 
it would have been dangerous to continue running 
for any length of time. 

In Fig. 27 the timing is excellent so far as smooth- 
ness of operation is concerned, but it was still too 
early to get the greatest power out of the fuel. In 


\ 


\ Ignition 20° early 








Ignition.12” early 





FIG. 28 


Ignition 10% late 


ee 





FIG. 30 


Fig. 28 this latter result was obtained, the mean ef- 
fective pressure being 93 pounds per square inch. 
Curiously enough, this was exceeded by the diagram 
of Fig. 26, but the two diagrams were taken some 
time apart and it is more than likely that the higher 
mean pressure of Fig. 26 was due to a better combus- 
tible mixture. 

Figs. 29 and 30 show the effects of late timing; 
these are a late rise of pressure and an unduly high 
exhaust pressure. In Fig. 30 the exhaust pressure was 
so high that the gases could not drop to atmospheric 
pressure until the piston had returned to about one- 
fourth of its expulsion stroke. 

The means of adjusting the time of ignition depends 
to a great extent upon the kind of ignition system 
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employed. It is impracticable to describe, within the 
scope of this discussion, the different arrangements 
used in practice. The principle is the same in all; the 
position of one member of the igniter mechanism is 
made adjustable with respect to the member with 
which it cooperates in producing the spark which ig- 
nites the mixture. For example, in Fig. 19, the trig- 
ger T could be made adjustable on its spindle-so that 
the upper end of the rod F would strike it sooner or 
later with respect to the dead-center position of the 
engine crank. In Fig. 20, the collar in which the cam 
C is set is adjustable around the shaft which drives 
it. In Fig. 21 the arm on the end of which the spring 
D is mounted is pivoted on the end of a journal box in 
which the cam-shaft revolves, so that the arm may be 
swung around, concentric with the shaft, and the mo- 
ment at which the circuit-closing cam touches the 
spring thereby changed; this type of mechanism for 
timing the ignition is universally used with the jump- 
spark system, in both gas and gasolene engines. 

The ignition point in most kerosene-burning engines 
is fixed by the builders and cannot be adjusted while 
the engine is running, because varying the time of 
ignition is not usually necessary with kerosene engines ; 
the explanation of this is that the character of the mix- 
ture does not vary widely and ignition is effected by 
contact with large hot surfaces or with the heated body 
of air in the clearance space, while in gas and gasolene 
engines the mixture is ignited at one point only and 
time is required for the flame to spread throughout 
the mass. 


MIXING LIQUID FUEL WITH AIR 


The principle of mixing gas and air by passing them 
through small openings and causing abrupt changes 
in the direction of flow, described in the chapter on 
valves, cannot well be applied to liquid fuels because 
the relative volume of the fuel is too small. In order 
to obtain anything like a thorough mixture, the oil 
must be either atomized—broken up into a fine mist— 
by means of a special nozzle or vaporized by means 
of heat. Gasolene evaporates at low temperatures, 
and it is therefore customary to vaporize it and mix 
the vapor with the air just before the charge enters the 
cylinder. Kerosene requires to be raised to a rather 
high temperature for evaporation, and it is therefore 
the common practice to inject the liquid either into the 
cylinder or into a hot chamber connecting with the 
cylinder, thereby securing vaporization without the 
application of a special heater, which would be re- 
quired for mixing: the charge entirely outside the 
cylinder. 

Fig. 31 illustrates the general principle on which 1s 
based the operation of all efficient devices for mixing 
gasolene and air. The gasolene supply pipe termi- 
nates in a spraying nozzle located in the center of the 
air-intake pipe, not far from the inlet valve of the 
engine. A small pump driven from the valve-gear 


POWER 












January 21, 1908 





shaft forces a charge of gasolene out of the nozzle 
during the suction stroke of the engine, and the air 
that is being drawn into the cylinder catches up the 
gasolene spray, evaporates it, and carries the vapor 
along into the cylinder. The bore of the air pipe i 
usually reduced where the gasolene nozzle is located. 


To Engine 
Inlet Valve 
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FIG, 31. ELEMENTARY GASOLENE-AIR MIXER 

as here shown, in order to increase the velocity of the 
air at that point and insure the picking up of all of the 
gasolene spray, but this construction is not always em- 
ployed. The gasolene, being sprayed into the air 
current, is very thoroughly distributed, and the air 
is usually drawn from a point near the exhaust pipe of 
the engine, so that it is warmed enough to vaporize 
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FIG. 32. CONSTANT-LEVEL (OVERFLOW ) MIXING VAPORIZER 


FOR GASOLENE 


the gasolene; the mixture, therefore, is very good 
In a few forms of mixing vaporizer, however, a disk 
fan is pivoted in the air pipe just beyond the gasolene 
nozzle, and revolved by the rush of air past its blades; 


this gives the air and gasolene vapor a whirling mo- 
tion and greatly increases the intimacy and efficiency 
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of the mixture. This statement is based on actual tests 
made by the author with a well-designed vaporizer, 
applied with and without the fan. 

Many gasolene engines are provided with a mixing 
vaporizer in which the gasolene is delivered to the 
spray nozzle at constant pressure, so that the fuel mix- 
ture may be regulated by fine gradations and with 
great accuracy. The constant pressure is obtained by 
supplying gasolene to the nozzle from a small cham- 
ber in which the gasolene is maintained at a constant 
This level is slightly below the level of the 
spray orifice, and the gasolene is drawn from the 
nozzle by the suction of the engine piston. 


level. 


Fig. 32 
shows sectional views of such a vaporizer; the sup- 
ply chamber is provided with an overflow pipe lead- 
ing back to the main gasolene tank, and the upper 
end of this pipe is set at_the level desired. The gaso- 
lene is pumped to the level chamber at a rate consid- 
erably higher than the engine requires, and the sur- 
plus goes back through the overflow pipe to the tank 
by gravity.. A needle valve is provided at the spray 
orifice by which to regulate the quantity of gasolene 
This 


valve also serves to spread the gasolene into a thin 


drawn out by each suction stroke of the piston. 


conical sheet and thereby promote its mixture with the 
air as it rushes by. The butterfly valve T is a throttle, 
by which the charge taken in by the engine is regu- 
lated; the greater the quantity of air admitted by this 
valve, the greater will be its velocity at the spray 
nozzle and, consequently, the greater will be the quan- 
tity of gasolene sucked out, and vice versa. 
Vaporizers of the type just described are practical 
cnough for stationary engines, but not for engines 























CONSTANT-LEVEL ( FLOAT-VALVE) MIXING 


FIG. 33. 


VAPORIZER FOR GASOLENE 


d on automobiles and boats, because of the con- 


nt changes in position. For these classes of ser- 


vice the “float feed” type of vaporizer is almost uni- 
versally used. Fig. 33 illustrates the general prin- 
ciple on which this type of vaporizer is based. The 


ly important difference from the type in Fig. 32 
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is that the gasolene is maintained at constant level by 
of a float valve. Gasolene is delivered from 
a main supply tank into a small chamber in which is 
a float, mounted attached to the of a 
the orifice. The float 
maintains a substantially constant level of gasolene 


means 


on or stem 


needle valve controlling inlet 
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FIG, 34. KEROSENE-AIR MIXING CHAMBER 


in the apparatus, and this level is just a trifle below 
The air 


rushing by the nozzle sucks out the gasolene and the 


the tip of the spray nozzle in the air pipe. 
mixing is effected as in the previous case. The pro- 
portion of gasolene to air is adjustable by means of a 
needle valve located within the spray nozzle in this 
case. The float chamber is provided with a small 
vent, or more accurately, an equalizing orifice, through 
which atmospheric pressure may act on the gasolene 
and force it out when the air, rushing past the noz- 
zle, forms a partial vacuum near it. Air enters the 
nozzle chamber through a series of holes in the wall 
below the level of the nozzle. 

Very few kerosene engines built in this country are 
equipped with devices for vaporizing the oil and mix 
ing it with the air outside the cylinder or some exten- 
sion of the cylinder. One well-known kerosene engine, 
however, has a mixing vaporizer heated by the exhaust 


gases from the engine, of which Fig. 34 shows a longi- 


tudinal section. Air is admitted freely to the mixing 
chamber, and oil is pumped into it through an atomiz- 


"ing nozzle. The engine draws in the mixture by pis- 


The 


mixing chamber is enveloped entirely by a jacket 


ton suction, as in the gas or gasolene engine. 


through which the exhaust gases from the engine pass 
to the exhaust pipe. 

The next step is to vaporize the oil in a hot cham- 
ber opening permanently into the cylinder, as illus- 
trated by Fig. 23, and described in the chapter on 
The third method, that of injecting the oil 
directly into the cylinder and vaporizing it by con- 
tact with a hot plate, was also described in that chap- 


ignition. 


ter. 

Then there is a combination of the two methods just 
described: the engine in which it is applied is illus- 
trated by Fig. 24. The oil is injected by a small pump 
P through the nozzle N into the cylinder and strikes 
the lip L of a hot bulb V. 
compression stroke of the piston, and as compression 


This occurs early in the 


progresses the oil vapor is forced back into the hot 
bulb where it and the air are compressed and then 
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fired as in the engine illustrated in Fig. 23. The 
torch shown beneath the bulb V is for the purpose of 
heating the bulb before starting the engine. After 
it is running the explosions keep the bulb hot. 

The fourth method is that employed in the Diesel 
engine, which works with very high compression. 
The piston draws air alone into the cylinder and com- 
presses it to a pressure of several hundred pounds per 
square inch. The oil is blown into the cylinder through 
a suitable nozzle by a jet of compressed air, which 
breaks it up into a very fine spray, and the heat of 
the highly compressed air in the cylinder ignites the 
particles of atomized oil as rapidly as they enter. This 
combustion is not explosive, as in other internal-com- 
bustion engines, but gradual, continuing as long as 
the spray enters, and this period is varied by the gov- 
ernor according to the load requirements. 


METHODS OF GOVERNING 


Hit-ANnb-MiIss 


There are three fundamental methods of governing 
the speed of a gas or oil engine and several combina- 
tions of these. The oldest is the “hit-and-miss” meth- 
od, which consists of causing the engine to stop tak- 
ing in charges of mixture when the speed drops back 
to normal. One way of accomplishing this on a gas 
engine is to provide a valve in the gas-supply pipe 
which is opened regularly by the valve-gear during 
the suction strokes as long as the speed remains nor- 
mal and allowed to remain closed when the speed 
exceeds the normal, the governor being arranged to 
control the actuation of the valve. The corresponding 
method with an oil engine is to arrange the governor 
so as to stop the pump or allow it to be operated, ac- 
cording to the speed. This application of hit-and-miss 
regulation to a gas engine is illustrated by Fig. 35. 
The rocker-arm A is moved by the cam C at the proper 
moment to open the gas valve. To the left-hand end 
of the rocker-arm is pivoted a finger, commonly called 
a “pick blade,” and a link from the governor mechan- 
ism holds this pick blade either into or out of line 
with a hardened extension of the gas-valve stem. So 
long as the speed is normal, the governor keeps the 
pick blade in line with the valve-stem, but if the speed 
exceeds the normal rate, the blade is drawn to the 
right far enough to miss the end of the valve-stem 
when the rocker-arm is operated by the cam; conse- 
quently, the gas valve remains closed during that 
suction stroke and the engine takes in air alone. There 
is no explosion, therefore, after the compression 
stroke is completed, and the engine speed is reduced 
by this failure to get a power impulse for the expan- 
sion stroke. 

The principle embodied in the construction shown 
in Fig. 35 is applicable to an oil engine by merely 
substituting the oil pump for the gas valve, arranging 
ithe pick blade to strike the end of the pump plunger 
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stem normally, and providing a spring to return the 
plunger after each delivery stroke. This arrangement, 
however, cannot be used with any form of vaporizer 
which contains a fuel reservoir, as in Fig. 32 or Fig. 
33, because the missing of a pump stroke would not 
cause the engine to miss its fuel charge immediately. 
It is only practicable where a vaporizer is used without 
any constant level supply, as in Figs. 31 and 34, or 
where the fuel is injected directly into the cylinder 
or an extension of it. 

The application of the hit-and-miss method illus- 
trated in Fig. 35 has the advantage that whenever the 
governor cuts cut a charge, the piston draws in pure 
air which mingles with the burned gases in the clear- 
ance space and greatly reduces the quantity of useless 
material remaining in the cylinder when the next 


charge is taken in. It also cools the cylinder contents 
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A HIT-AND-MISS GOVERNOR MECHANISM. 


FIG. 35. 


and permits a greater weight of mixture to be taken 
in during the next effective suction stroke. 

Under some conditions the features just mentioned 
may be disadvantageous instead of desirable. For 
example, if the engine is running with a rather small 
load, so that it misses more explosions than it gets, the 
cylinder may be cooled down sufficiently to impair the 
efficiency of the engine or even to cause it to discon- 
tinue firing the occasional charges, in the case of 
kerosene engine; furthermore, if the mixture is ad- 
justed for maximum effectiveness at full load when 
there are few or no “misses” and the clearance spact 
is filled with hot burned gases almost every time th« 
cylinder takes in a fresh charge, then the cylinder 
contents will not have maximum effectiveness at light 


loads when the clearance is filled with almost pur 
air at each admission of mixture and the temperature 
is lower. 


However, it is a simple matter to adjust 
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the proportion of gas or oil to air when the engine is 
running at its average load; then the’ discrepancy at 
greater or smaller loads will not be so objectionable. 
An application of hit-and-miss regulation that has 
been used to a considerable extent is illustrated ele- 
mentarily in Fig. 36. The engine is equipped with 
an automatic inlet valve and the governor is arranged 
so that when the speed is too high it moves a detent 
d in position to catch a dog e on the exhaust-valve 
stem after the valve has been opened by the push-rod, 
and thereby hold the valve open. The consequence is 
that when the piston moves forward on its suction 
stroke it cannot form a vacuum in the cylinder and 
the inlet valve is not opened. The cylinder, therefore, 
does not get a charge of fresh mixture, and misses the 
explosion that would ordinarily next occur. This ar- 
rangement is open to the objection that when the 
governor blocks the exhaust valve open during a suc- 
tion stroke the piston sucks in hot burned gases from 


| Governor Link 
\ 4d 
O 
Push Rod | , AS 


ANOTHER 






Exiuust 
Valve Rod 


FIG. 36. HIT-AND-MISS METHOD 


the exhaust pipe. It has the advantage, however, of 
being applicable to oil engines having constant-level 
mixing vaporizers because, as the main inlet remains 
closed during the suction stroke, no fuel can be drawn 
in. 

The hit-and-miss method of regulation has the sole 
advantage of high fuel economy. The engine takes in 
practically a full piston displacement of mixture every 
time it takes a charge, and the mixture is of uniform 
quality ; consequently, it burns with high efficiency. 
On the other hand, the power impulses do not occur 
at regular intervals unless’ the engine is carrying the 
maximum possible load, and this necessitates a very 
heavy fly-wheel in order to prevent too great a drop 
in speed between impulses. Moreover, when running 
at moderate load the working parts are subjected to 
just as violent stresses due to the sudden rise of pres- 
sure after ignition as when the engine is carrying its 
maximum load. 


VARIABLE QUANTITY OF INTAKE 

[he next simplest method of speed regulation is 
of throttling the mixture, just as a throttling 
m engine controls the quantity of steam admitted 

the cylinder. This is usually accomplished by put- 
a butterfly valve in the inlet pipe and controlling 
osition by the governor, as indicated in Fig. 18. 
arrangement is so simple and obvious that further 

The throttle valve 





tration of it is unnecessary. 
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is usually located just as near the main inlet valve 
as possible, in order to obtain prompt response to a 
change in its position. With gas engines this is ad- 
visable for the additional reason that the quality of 
the mixture is maintained more nearly constant than it 
would be if the throttle were in the air-intake pipe. 
The advantages of throttling the mixture are sim 
plicity of mechanical construction and the maintenance 
of a practically constant ratio of gas or oil to air. The 
disadvantage is that the compression in the cylinder 
changes with the load. 
ernor admits a smaller quantity of mixture during 


Thus, at light load, the gov- 


—Gus Valve 


Air Valve 








Exhaust 
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FIG. 37. AN AUTOMATIC CUT-OFF GOVERNOR MECHANISM 


each suction stroke than at full load, and the com- 
This means that 
the particles of fuel and air are not so intimately com- 


pression pressure is therefore lower. 
pressed, and the result is slower combustion. At very 
light loads it frequently occurs that the compression 
is so low that a charge is either not completely burned 
or not even ignited. In either case there is a loss of 
fuel, and when ignition fails to occur there is also 
likely to be an explosion in the exhaust pipe of the 
charge which passed unburned through the cylinder. 
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This is called “‘after-firing’’ and sometimes produces 
disaster by wrecking the flue through which the ex- 
haust gases pass to the atmosphere. The low com- 
pression at light loads also causes a serious falling off 
in efficiency ; this is discussed in the section on output, 
etc. 

Another method of varying the quantity of mixture 
taken by the engine during each suction stroke is by 
closing the admission valve sooner or later in the suc- 
tion stroke, according to the demands of the load— 
in other words, “cutting off” exactly as in the auto- 
matic cut-off steam engine. Fig. 37 illustrates a form 
of cut-off gear that has been applied to an engine hav- 
ing separate gas and air inlet valves. The two valves 
are on one stem, the air valve being rigidly mounted 
and the gas valve spring-mounted. The valve-stem is 
depressed by the rocker-arm A when its outer end is 
raised by the push-rod, and the nose of the latter is 
pressed out from under the rocker-arm by the tripping 
plate P, 


spring on the valve-stem. 


allowing the valves to be seated by the upper 
The trip P is mounted on 
one arm of a bell-crank which is tilted forward more 
or less by the governor, thereby determining the point 
of cut-off and consequently the amount of mixture 
taken in during the suction stroke. The push-rod is 
moved up and down by an eccentric on the valve- 
shaft. The automatic cut-off method involves 
the same advantages and disadvantages that were men- 
tioned as features of the throttling method. 


gear 


There is 
a slight advantage, however, in cutting off as com- 
pared with throttling in that the negative work done 
by the piston during the suction stroke is a trifle less. 
This is due to the fact that the throttling engine at 
underloads draws in its charge past a partly closed 
throttle during the whole suction stroke, whereas the 
cut-off engine draws in its charge through wide-open 
passages and during less than the full piston stroke. 


VARYING THE QUALITY OF. MIXTURE 


The third fundamental method of governing is to 
vary the quantity of fuel alone, keeping the total 
quantity of cylinder contents constant. This is done 
in gas engines by putting a throttle in the gas-supply 
pipe and controlling it with the governor, or by ar- 
ranging a cut-off valve in the gas pipe, opening it at 
the beginning of the stroke when the air valve opens 
and closing it earlier or later in the stroke by means of 
the governor. Both of these methods are open to the 
serious objection that the quality of the mixture is 
varied as the load changes. An engine so regulated 
will not work under widely varying loads because 
neither a very rich mixture nor a very poor mixture 
will ignite. Where the load does not vary much with- 
in short periods of time this method of governing is 
fairly satisfactorily, but it involves constant watchful- 
ness to see that the proportion of air to gas does not 
become too large or too small. The only advantage of 
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“quality regulation,” as it is called, is that the compres- 
sion remains constant at all loads, giving better effi- 
ciency below full loads than if the compression varied. 

This method is the one generally used on kerosene 
engines and on gasolene engines having pump fuel 


delivery. It is not used with constant-level vaporizers. 


COMBINATION METHODS 


With a view to overcoming, avoiding or minimizing 
the disadvantages of the three fundamental methods, 
One 
engine builder has used quality regulation at full load 


several combinations of them have been tried. 


and for under-loads as far as possible, and at smaller 
loads than this method would handle the hit-and-miss 
method came automatically into play. 

The most suceessful compromise thus far attempt- 
ed, however, seems to be that of admitting air during 
the complete suction stroke and varying the time at 
which gas begins to enter, continuing the intake of 
gas with the air to the end of the stroke. Thus, if the 
load is such as to require the admission of gas during 
one-half of the stroke, the gas valve remains closed 
until the piston has traveled half-way of the suction 
stroke and then it is opened and kept open until the 
end of the stroke. 

While this method may seem at first thought to be 
the exact equivalent of admitting gas during the first 
half of the stroke and then cutting it off, and therefore 
mere “quality regulation,” it is not at all so in prac- 
tice. \When gas is admitted from the beginning of the 
stroke until some point considerably short of full 
stroke, say three-fourths of the stroke, the air which 
continues to enter during the remainder of the stroke 
tends to sweep the gas away from the vicinity of the 
inlet port and to diffuse it throughout the cylinder con- 


tents of air and burned gases. The result is a weak 


mixture and possibly an absence immediately around 


the inlet port of any combustible at all. Consequently, 
if the igniter be located near the inlet port, which is 
usually the case, the mixture may not be ignited at all, 
and certainly will not inflame rapidly even if ignited. 
On the other hand, when the gas is admitted during the 
latter part of the stroke, there is always a good mix- 
ture near the inlet port at the end of the compression 
stroke and there is much less tendency for the gas to 
be diffused throughout the whole mass of air and form 
a poor mixture. Since air is admitted throughout the 
entire suction stroke the combined volume of air and 
gas taken in is always the same, as in the case of sim 
ple “quality regulation ;” consequently, the compres 
sion is the same at small loads as at full load. 

So far as the author knows, this method has not 
been applied to gasolene engines, though there is no 
reason why it should not be applicable when a con- 


stant-level vaporizer is not used. 








January 21, 1908. 





CARE AND MANAGEMENT OF ENGINES 


In order to handle any internal-combustion engine 
intelligently the operating engineer must know the ele- 
mentary principles upon which its working depends. 

have been 
actual opera- 


For this reason the preceding chapters 
presented before going into questions of 
tion. 
STARTING AN ENGINE 

A gas or oil engine is not inherently self-starting, 
for the reason that there is no reservoir of the work- 
ing medium at working pressure, as there is in a steam 
plant. Consequently, such an engine must be started by 
some means not employed during its regular opera- 
tion. Small engines are usually started by hand, by 
turning the fly-wheel over until a charge of mixture 
has been drawn in, compressed and ignited; after the 
first explosion occurs, the engine will continue. to run 
automatically if it is in normal condition. Large en- 
gines cannot be turned over by hand, and must, there- 
fore, be started by power. A favorite method is to 
admit compressed air, by means of special valve-gear, 
to one cylinder of a multicylinder engine or one end 
of a cylinder of a double-acting engine, driving the 
engine with the air until it “picks up” the regular 
charge and fires it. The compressed air tank is kept 
filled at the desired pressure—s50 to 100 pounds per 
square inch—by means of a small compressor driven 
An- 
other method, sometimes used in plants containing 


by the engine when it is in regular operation. 


electric generators, is to provide a small motor ar- 
ranged to turn the engine over at moderate speed 
through a gear meshing with a ring of gear teeth 
either bolted to or cut in the edge of the fly-wheel 
rim. The normal running speed of the engine is higher 
than that at which the motor drives it, and when the 
engine “picks up” its running cycle a tly-ball governor 
operates to unmesh the motor gear and shut down the 
motor. 

Before starting a gas or oil engine five precautions 
are necessary: the load must be taken off; the ignition 
system must be inspected and, if necessary, put in 
proper condition; the lubricating oil feeds must be 
turned on; the fuel shut-off valve must be opened, and 
It will be found 
good plan to attend to these preliminary details in 


the cooling water must be turned on. 


the sequence just given. 

[f the engine is direct-connected to an electric gen- 
crator, the load is “taken off’ by merely opening the 
main switch which connects the generator to the cir- 
‘uit. If the load is mechanical, a_ friction 
clutch must be provided by means of which the en- 


purely 


vine may be connected to or disconnected from the 
inachinery it drives. | 
Failure to start promptly when the ignition and fuel- 
‘alve have had proper attention is usually due to a 
‘ry abnormal mixture—either much too poor or much 
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too rich. If the ignition system is known (not merely 
supposed ) to be all right in every respect, and the fuel 
cock is open, the quickest way to get a balkv engine 
started is to adjust the mixture valve for the smallest 
possible proportion of fuel (or largest possible propor- 
tion of air), turn the engine over through one cycle; 
then increase the proportion of fuel in the mixture and 
try again, and so on until a mixture is obtained which 
will fire promptly. 

If the time of ignition is adjustable, and it is so on 
almost all modern engines, it should be set so that the 
igniter acts immediately after the crank has reached 
the actual dead center; when the engine has “picked 
up,” the ignition should be adjusted ahead sufficiently 
to produce the best results, as explained in the follow- 
ing section. 

RUNNING AN ENGINE 

One of the most deplorable errors of judgment is 
the assumption that a gas or oil engine requires no at- 
At least as 
much attention is required as in running a steam en- 


tention after it has been started properly. 


gine, and generally more, if reliable, continuous service 
is expected. If the quality of the fuel is constant, as 
in the case of an oil engine, or nearly so,.as in running 
on city gas or with a constant load on producer gas, 
the minimum of attention will be required. But if the 
quality varies much and frequently, as when running 
on natural gas or with a varying load on suction pro- 
ducer gas, a good deal of attention is necessary if re- 
liable service and good economy are to be obtained. 
In order to obtain the best fuel economy the propor- 
tion of fuel to air and the time of ignition must be 
adjusted with much carefulness. A violent explosion, 
giving an indicator diagram with a high, sharp peak, 
[t is much better to dilute the mix- 
ture more (use a larger proportion of air to fuel) and 
This, 
of course, can be done only by experimentation, and 
it will facilitate matters to take three or 


is not desirable. 
advance the ignition so as to get prompt firing. 
four indi- 


With a large 
proportion of air to gas or to oil and an increased ad- 


cator diagrams after each adjustment. 


obtained 
which does not rise so high at the explosion end, but 
is much “fatter” from about one-third stroke to the 


toe. 


vance of ignition, an indicator diagram is 


By thus manipulating the mixture and ignition 
area—which 
means more power—with a given intake of fuel than 
when the mixture is more nearly perfect and the ex- 
This is illustrated by the 
table giving five test averages of a 


it is possible to get a larger diagram 


plosion pressure is higher. 
accompanving 





Test Air to Explosion | Mean Ignition B.t.u. per 
Group Gas. Pressure. Effective Advance. Horse-power- 
No. Pressure. Hour. 
1 12 320 86 10% 15,320 
2 14 347 89 10% 14,730 
3 16 363 87 74% 13,270 
4 18 352 tT) 10% 11,500 
6 20 338 92 13% 10,180 
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natural-gas engine having a compression pressure of 
120 pounds per square inch, absolute. Each figure in 
the table is the average of five test figures obtained 
under as nearly constant conditions as possible. The 
speeds varied somewhat, of course, and to compensate 
for this the B.t.u. per horse-power-hour have been re- 
duced to a common speed of 250 revolutions per 
minute, at which speed the engine was rated. 

When the quality of the gas varies rapidly and ap- 
preciably, the best that one can do is to adjust the 
mixture and time of ignition for the average condi- 
tions, and in order to do this a fairly steady load must 
be obtainable. Rig up a wire on the engine frame so 
that the end of it can be adjusted to indicate the posi- 
tion of the governor reach-rod to the throttle or cut- 
off or whatever the regulating mechanism may be. Cut 
down the proportion of gas little by little, advancing 
the ignition each time until the governor is admitting 
the minimum charge to the cylinder. A point will be 
found finally where any further decrease in the pro- 
portion of gas will cause the governor to begin in- 
creasing the charge; that is the point of maximum 
economy for the conditions under which the engine is 
running, 

The adjustment of the ignition timing to get the 
best position requires a good deal of experience. It 
is not usually sufficient to take the knocking of the 
engine as a guide; while knocking is always an indi- 
cation of excessive ignition advance (provided less ad- 
vance stops the knocking) it is not always certain that 
the advance is not excessive after it has been reduced 
just enough to stop the knocking. An indicator dia- 
gram or a close watch on the governor will serve as a 
sure check, however. The ignition should not be ad- 
vanced more than just enough to give the maximum 
efficiency of combustion under the existing conditions 
—that is, the maximum area of indicator diagram for 
a given intake of fuel per cycle. 

The cooling water flow does not need to be adjusted 
with any such nicety as the mixture and the timing of 
ignition. Theoretically, the jacket water should issue 
as hot as possible without causing the piston to run so 
hot as to interfere with lubrication. Practically, how- 
ever, it makes little difference in economy whether the 
rise of temperature in the jacket water be 40 or 140 
degrees, Fahrenheit. For single-acting engines with- 
out water-cooled pistons it is usually sufficient to let 
For 
engines which have water-cooled pistons and valves, 
the temperature rise of the cylinder-jacket water should 
be kept down to about 80 degrees, that of the pistons 
and valves to about 60 degrees and that of the cylinder 
head jackets to not over 100 degrees. Of course, these 


the temperature of the water rise 80 degrees. 


are general average figures; the builders of an engine 
will always advise as to the best practice in the mat- 
ter of cooling their particular engine. 

The faster the water flows through the jackets, the 
more heat it abstracts per minute from the gases in 
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the cylinder, and the less will be the temperature rise 
of the water. Conversely, a lower rate of flow takes 
out less heat per minute and produces a greater tem- 
perature rise in the water. Therefore, if the tempe1a- 
ture at which the water enters the jacket remains con- 
stant, the temperature at which it is discharged is a 
rough guide as to the temperature inside the cylinder— 
that is, the higher the discharge water temperature the 
higher will be the temperature inside the cylinder. 
The temperature of the jacket water discharge, there- 


‘ fore, is a useful indication of conditions in the cyl- 


inder. If an engine has been running right along with 
a discharge temperature of 150 degrees, for example, 
and the temperature suddenly rises to 180 degrees 
without any change in the rate of flow, something has 
happened inside the cylinder. Either the load has in- 
creased very much or the piston is not being properly 
lubricated, or some other mishap has started the rings 
to cutting the cylinder wall. An appreciable increase 
in the jacket water discharge temperature, therefore, 
should be investigated immediately. 

Proper lubrication of a gas or oil engine cylinder 
is a problem far more difficult than the lubrication of 
a steam engine cylinder. The high temperatures and 
lack of moisture make it impossible to use the heavy 
class of oils used in steam cylinders; the oil must be 
as light and thin as possible without sacrificing its vis- 
cosity beyond the permissible limit. Special oils are 
manufactured expressly for lubricating gas engine cyl- 
inders, and some one of these should be used. An 
unsuitable oil will carbonize and form crusty deposits 
on the piston rings, exhaust valve edges and igniter 
parts. When such deposits are found, one of two 
things is certain: either the oil is not suitable for the 
conditions under which the engine works or too much 
of it has been used. A fairly good guide as to the 
proper quantity to be used is a sample of the exhaust 
gases taken out through a %-inch “bleeder” tapped 
into the bend of that elbow in the exhaust pipe which 
is nearest the engine. The end of the “bleeder” 
which is tapped into the elbow should point squarely 
toward the out-coming exhaust gas. If the gas dis- 
charged by the bleeder is blue, too much cylinder oil 
is being used; the rate of feed should be very gradu- 
ally decreased until the exhaust gas has no bluish 
tinge, and then decreased one more notch. 

When a vertical engine is built with a closed crank- 
case and designed for splash lubrication of the crank 
and piston pins, an oil especially prepared for this 
service should be used in the crank-case 

On all other bearings, such as the main shaft, .gear 
shaft, open cranks and valve mechanism, a good grade 
of machinery oil such as is used on steam engine bear- 
ings should be applied. 

At regular intervals, varying according to the char- 
acter of the service, but never longer than a year, the 
engine should be thoroughly inspected, inside and out, 
and any irregularities corrected. 
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SHUTTING Down 


It may seem superfluous to say anything about shut- 
ting down an engine—‘“anyone can shut down.” Yes, 
but not everyone does shut down—properly. A care- 
ful engineer always shuts down by cutting off the 
fuel supply. Then he opens the ignition circuit, if the 
ignition current is derived from electric battery cells, 
either primary or storage; in any event he sets the 
ignition timer in the retarded, or dead center, position 
ready for starting. Then the oil feed is stopped and 
finally the cooling water is cut off and the jackets 
drained. This last precaution is not always neces- 
sary in moderate weather, but in climates where freez- 
ing temperatures occur in winter it is a good plan to 
form the habit of draining the jackets every time an 
engine is shut down over night or for an indefinite 
period ; then it will not be so easily forgotten when the 
thermometer is around zero. 


TROUBLES 


The troubles most commonly encountered in run- 
ning gas and oil engines are (1) back-firing, (2) pre- 
mature ignition, (3) missing explosions and (4) after- 
firing. 

Back-firing is a premature explosion occurring dur- 
ing the suction stroke, while the inlet valve is open. It 
is unmistakable, because the explosion is “delivered”’ 
through the air-intake pipe, and the noise, if the en- 
gine is of considerable size, is deafening. Back-firing 
may be due to a leaky exhaust valve, which permits 
liot gases to be sucked back into the cylinder while 
the fresh charge is being drawn in; or to a mixture so 
imperfect that it burns throughout the entire exhaust 
stroke, igniting the incoming mixture just before the 
exhaust valve closes; or to improper valve setting, by 
which the exhaust valve is held open too iong after the 
piston has started on the suction stroke. 

Premature ignition may be due to too high com- 
pression for the character of the fuel used, or, to put 
it reversely, to the use of a fuel too inflammable for 
the compression of the engine; the remedy is to use a 
smaller proportion of fuel to air, and if this results in 
missing explosions, that fuel cannot be used in that 
engine unless its compression can be reduced. Pre- 


mature ignition may be due also to carbon deposits 
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on the piston face or on the wall of the combustion 
chamber, or on the igniter plug. Such deposits are 
likely to remain incandescent long enough to ignite 
the incoming charge. Small pockets in the wall of the 
combustion chamber also cause 
sometimes by retaining hot burned gases until after 
the suction stroke begins. 


premature ignition 
These hot gases do not fire 
the incoming charge and cause back-firing, as a rule, 
but they heat the charge to such a degree that it can- 
not stand the full temperature rise due to the coi- 
plete compression stroke, because it reaches the firing 
temperature before that stroke is completed. 

Missing explosions, or “skipping” in engines gov- 
erned by any other than the hit-and-miss method, is 
nearly always due to some defect in the ignition sys- 
tem. 


When “skipping” occurs, therefore, it is a good 
plan to go over the ignition system thoroughly to make 
sure that it is working properly. Some common de- 
fects are broken wires, loose primary connections (in 
a jump-spark system), damaged insulation on con- 
necting wires or parts of the apparatus, and fouled 
igniter plugs. An excessive accumulation of carbon 
on the insulation of an igniter plug will afford a leak- 
age path across from one electrode to the other and 
most or all of the current which should fire the mix- 
ture will pass along this path and produce no spark. 
Excessive feeding of lubricating oil will foul a plug 
in this way in a comparatively short time. “Skipping” 
may also be due to a bad mixture or to too light a load. 
If the ignition system is known to be in proper con- 
dition, try adjusting the mixing valve one way or the 
other, the least bit at a time. If the “skipping” is tn- 
creased by the change, move the handle the opposite 
A few 
trials will determine positively whether or not the 
is to blame. 


way, a trifle beyond where it originally was. 
mixture Too light a load may cause 
“skipping” by reducing the compression of a throttling 
engine excessively or impoverishing the mixture below 
the igniting point if quality regulation is employed. 
If the load cannot be increased, there is no remedy in 
such a case. 

After-firing is the explosion in the exhaust passages 
or muffler of a charge which has failed to ignite in the 
cylinder. and the 
skipping.” If this cannot 
be done, the injection of a spray of water into the ex- 
haust pipe near the engine will stop the after-firing. 
The water can usually be tapped from the circulating 
system which cools the cylinder barrel or head. 


The cause, obviously, is “skipping,” 


ce 


best remedy is to stop the 
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PRESSURE, TEMPERATURE AND OUTPUT 
CALCULATIONS 


GASES 


A perfect gas, if it existed, would disappear entirely 
—become reduced to zero volume—if its temperature 
and pressure were reduced to absolute zero. ‘There is 
no perfect gas, but it is assumed that air and the gases 
hurned in an engine cylinder behave like perfect gases 

ud that their specific heats are constant at all tem- 
Neither assumption is true, but the dis- 
crepancy is not serious enough to make the results of 


peratures. 


calculations useless, and it is impracticable to make cor- 
rections for the lack of accuracy entailed. The follow- 
ing explanations are based on the assumptions 
mentioned. 

In order to raise the temperature of a gas one de- 
gree Fahrenheit, a certain quantity of heat must be 
added to it. If the gas is confined in a rigidly closed 
vessel so that it cannot expand, the quantity of heat 
required to raise the temperature of one pound of it 
one degree is called the “specific heat at constant vol- 
ume,” this quantity is represented by the symbol C., 
the C being the initial of the French word “chaleur,” 
which means “heat,” and the subscript indicating con- 
stant volume. 

If the gas be confined in a cylinder closed at one end 
by a rigid head and in the other direction by a piston, 
adding heat to it will cause it to expand and push the 
piston outward against the pressure of the atmosphere. 
The gas therefore does work, so that the quantity of 
heat necessary to raise the temperature of one pound 
of it one degree is greater than when it cannot expand 
and do work. This quantity—the number of British 
thermal units required to raise the temperature of one 
pound of gas one degree when it is free to expand 
against a constant pressure—is called the “specific heat 
at constant pressure,” and is represented by the sym- 
bol C, . 

The arithmetical difference between the specific heats 
is the quantity of heat required to expand the gas 
against the constant pressure when its temperature is 





raised one degree, there being no interference by me- 
chanical friction. Suppose the pressure against which 
it expands be that of atmosphere (2116.3 pounds per 
square foot) and the increase in cubic feet be repre- 
sented by Il’; then the work done in expanding will be: 


2116.3 V 


foot-pounds. In order to cause one pound of gas to 
do this work, in addition to raising its temperature one 
degree, heat energy must be added to it to the extent 
of 


Cp = Ce — Ce ’ 


and since the heat energy in one British thermal unit is 
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equivalent to 778 foot-pounds of mechanical energy, 
the mechanical energy added to the gas will be 


798 Ces 
Therefore, 
2116.3 / = 778 €.. 


if the heat added be sufficient to raise the temperature 
one degree and expand the gas against atmospheric 
prssure. If the pressure be anything else and the tem- 
perature elevation be more or less than one degree, 
and if the weight of gas be W pounds, the case is 
covered by representing the pressure and temperature 
rise by symbols, thus: 


PY = 70, t W. 


in which ¢ = the temperature rise in Fahrenheit de- 
grees. 

Absolute pressures and temperatures are used in 
considering the behavior of gases for reasons given 


in the next paragraph. Absolute pressure is gage 


pressure + atmospheric pressure, and is taken at 14.7 
pounds per square inch or 2116.3 pounds per square 
foot. Absolute temperature is taken at Fahrenheit 
thermometer temperature + 460, the absolute zero 
being 460 degrees below the Fahrenheit thermometer 
Volumes are in cubic feet throughout this dis- 
cussion, 

All calculations are based on absolute pressures and 


temperatures because it is considered that a gas in any 


zero. 


condition has been expanded to that condition from 
zero pressure, temperature and volume. Consequently, 
no matter what the pressure P and temperature T, and 
the resulting volume Il’, it.is considered that the gas 
has increased its volume from zero to V cubic feet 
against a constant pressure of P pounds per square 
foot due to a gain of heat which has also raised the 


temperature from zero to T degrees, absolute. It fol- 
lows, therefore, that 
PV=778 C. TW, (a) 


no matter what the values of P, V, T and W may be. 
This being accepted as a working hypothesis, it is 
evident that when the conditions of a given weight of 
gas is changed, as by compression, combustion or ex- 
pansion under artificial influences, since 


PV : 
rT = 978 C. W, 


and C, and IJ” are constant, the ratio 


rie 


1 


remains constant through the change in condition. In- 


dicating the condition before the change by the sub- 


script , and the condition after the change by, . 





PU oe Sa Ns (b) 


T, T,; 
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COMPRESSION 


The first change to which the gases of an engine are 
subjected in working through a cycle is that due to 
indicate the 
before com- 


compression. Using the subscript , to 
conditions of the cylinder contents just 
pression begins and the subscript . to indicate the 


conditions when compression is complete, 


i. wh 
T- Ta 
From this fundamental equation are derived the 
formulas : 
Fem Fete" (c) 
and 
Te= Tare*—', (d) 


in which y, 1s the compression ratio, as explained on 
page 70. The derivation of the formulas will be given, 
step by step, in an appendix, next week. 

If combustion of the mixture were complete and in- 
stantaneous while the piston was stationary at the end 
of the compression stroke, and if there were no loss of 
heat to the water jacket, the rise of temperature pro- 
duced by combustion would be given by the formula 


H . 
C~, = 7 « —_ Fe, 
in which 
H = B.t.u. evolved by combustion, per pound of 
cylinder contents, 
C, = Specific heat of cylinder contents at constant 
volume, 
7, == Maximum temperature attained by cylinder 
contents. 
But complete and instantaneous combustion is out 


of the question practically, as already explained in the 
elementary section on pressures and temperatures, and 
heat must be taken away by the jacket water in order 
It is im- 
possible to predict just how much these imperfections 
will reduce the temperature rise, but by using a sym- 


to keep the cylinder from becoming red-hot. 


bol to represent the proportion of the ideal temperature 
rise actually obtained, a definite formula may be de- 
duced for the actual temperature rise, thus : 


Hu 


— T.— T-, 


(e) 

in which « represents the ratio of actual temperature 

rise to that which would be obtained with perfect and 

instantaneous combustion and no heat loss. Thus, if 
H 


=~ Were equal to 3000 and the actual rise of tem- 


perature were 1620, the value of u would be 0.54. As 
a general rule, with gases of high heat value the 
value of « is lower than with gases of low heat value, 
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if the proportion of air to gas be equally favorable in 
both cases. One reason for this is that engines using 
rich gases cannot work with high compression because 
of the liability to premature ignition; consequently, 
their clearances are larger than those of engines which 
burn producer or blast-furnace gases, and the cooling 
This allows a relatively 


surfaces are larger. y greater 
loss of heat during combustion and lowers the efficiency 
of the process, thereby reducing the value of u, which 
covers heat loss as well as slowness of combustion. 
Moreover, it is generally the case that a mixture 
formed with rich gases is neither as well-proportioned 
nor as thoroughly compounded as one made with lean 
gases, and this causes relatively sluggish combustion. 

With oil fuels the value of uw is usually much higher 
Whether or 


cause oil atoms are more easily brought into contact 


than with gaseous fuels. not this is be- 
with their proportion of oxygen than gas atoms the 
author does not know, but it is certain that the rise of 
pressure is relatively much more violent with gasolene 
than with any gaseous fuel. Explosion pressures of 
350 to 400 pounds are often obtained with compression 
pressures of 80 to go pounds per square inch, using 
gasolene, while with illuminating and natural gases 
compression pressures of 100 to 125 pounds are usu- 
ally accompanied by explosion pressures of 250 to 350 
pounds. 

The cylinder contents in a non-scavenging engine 
(few engines actually clear out all of the burned gases) 
consist of a fresh mixture of air and gas or air and oil 
vapor and the burned gases remaining over from the 
preceding explosion. The volume of the fresh mixture 
in a four-stroke-cycle engine is usually equal, before 
compression, to the piston displacement during the suc- 
tion stroke because the clearance space remains filled 
with burned gases at the end of the expulsion stroke. 
will be the total heat in the fresh mixture divided by 
the weight of the cylinder contents. 
the mixture is practically equal to 


The total heat in 


h 
vr a 


consequently, the number of heat units per pound of 
cylinder contents is 


h V, 
ie = f 
1+a ot mm (1) 
in which é 
h = Btu. per cubic foot of gas alone at the 


temperature of the mixture immediately 


before compression, 


a = Cubic feet of air per cubic foot of gas in the 
fresh mixture, 

V. = Cubic feet of piston displacement, 

W = Pounds of cylinder contents. 


Substituting this equivalent for H in equation (e), 
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transposing and making the substitutions explained in 
the appendix, next week, the result is the formula: 


Z P I Ta 
T2=Te+ K,(1— =] P, ’ (gz) 
in which 
778 (A —1) hut =< - (h) 


I+a 
In this last equation 


oo 


aaa 


The relation between compression and explosion 
temperatures and pressures is 





Accepting the equivalent of 7, given by equation 
(g) and making the transpositions and substitutions 
explained in the appendix, the following formula for 
maximum pressure of combustion is obtained: 

P.= Pe. + K,(re—1). (i) 

So far as it affects the pressure and temperature at 

the moment of release, the expansion ratio is 


Ve 
. r= Vv. 
and since VV: = /., 
r _s Ms 
Qo Yr. 


In a two-stroke-cycle engine 7, is practically equal 
to ry.; ina four-stroke-cycle engine the relation be- 
tween the two, as it affects the release pressure and 
temperature, is 


re=f(re—1)4+1, 


in which f is the fraction of the piston stroke that is 
completed when the exhaust valve opens. Thus, if the 
exhaust valve opened at go per cent. of the expansion 
stroke and the compression ratio were 4, the expansion 
ratio would be: 


0.9 (4-1) +1 =3.7. 


The pressure at the moment of exhaust opening is 


Pe=Ps+ Pe", (j) 
and the gas temperature at the same moment is 
Pes 72 = 7-*—'~7 (k) 


Tables 4 and 5 give the release pressures and tem- 
peratures corresponding to several usual explosion 
pressures and temperatures, assuming expansion expo- 
nents of 1.29 and 1.32; these are common practical 
values, the former for double-acting or other thor- 
oughly cooled engines and the latter for single-acting 
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or other moderately cooled engines as they are usually 
operated. 


Work DoneE PER CYCLE 


The work done in compressing the cylinder contents 
is 
Pe Ve — Pa Va 


te Ft 


SSP HI0S..c4 





and the work done by the gases on the piston during 
expansion is 


> Fn sede Pn 
Acie 


Re F 





In this case it is not fair to the four-stroke-cycle 
engine to consider the point at which the exhaust valve 
begins to open as the end of the expansion stroke, be- 
cause, as explained in connection with Fig. 3; the pres- 
sure does not drop at once to atmospheric. It is more 
nearly accurate to assume that the valve opens at a 
point about half way between the point of actual open- 
ing and the end of the piston travel. For most of the 
indicator diagrams which the author has measured and 
checked up, the assumption that the exhaust valve 
opened at a point of the piston stroke four-tenths of 
the remaining travel beyond the point of actual open- 
ing, and then reduced the pressure instantaneously to 
atmosphere, gave calculated diagram areas almost ex- 
actly agreeing with the actual diagram areas. Table 7 
has been computed on this basis, the formula being 


Ye=r-—o0.6 (1—f) (*r-—1). (1) 


The volume V,, therefore, is that volume and the 
pressure P, is that pressure which would exist behind 
the piston at the moment of release if the actions were 
those described above; that is, 


Vez VeR tes 


in which 7’, is the effective expansion ratio as given by 
equation (1) or Table 7. 

The net work done on the piston is the difference 
between the work of expansion and the work of com- 
pression, thus: 


Ft.-los.e — ft.-lbs.- = net indicated ft.-lbs. per cycle. 


From this fundamental equation is derived (see 
appendix, next week,) the more conveniently applica- 
ble equation : 


(Px Ke — Pe Ke) 7 = = ind. ft.-lbs, per cycle. (m) 
in which 
I 
i eee 
Ke=- ’ 
4 « — I 
and 
I 
PS Ye —_ 
Kk. = —— aS —, 
‘ No —I 


To be concluded. 
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Book Reviews 


How To Use WaTER Power. By Herbert 
Chattey. Technical Publishing Com- 
pany, Limited, London, England; D. 
Van Nostrand & Co, New York. 
Cloth; 87 pages. Price, $1. 

While it goes without saying that a man 
cannot write a complete or exhaustive 
treatise on hydraulic engineering in 87 
pages, the author, who is a lecturer of 
wide repute on engineering subjects, has 
very successfully condensed much valu- 
able information into his little book. The 
work is thoroughly indexed and _ illus- 
trated with types of nearly all classes of 
hydraulic machinery. To the busy engi- 
neer it gives a comprehensive view of the 
field of hydraulic engineering. The few 
formulas used are models of simplicity 
and directness. 


THe “MECHANiCAL WorLD” Pocket Diary 
AND YEAR Book. Published by Em- 
mott & Co., Ltd., Manchester, Eng- 
land, Buckram; 352 pages, 4x6 inches; 
illustrated. Price sixpence. 

This is the 1908 edition of this well- 
known little reference book, and it has 
been revised to a surprising extent consid- 
ering that this is the twenty-first year of 
publication. The electrical section has 
been omitted, having been incorporated in 
a new annual devoted to electrical en- 
gineering alone. Sections on condensing 
equipment and superheating and friction 
clutches have been added and several other 
sections show careful revision. 


EncINnE Room CHeEmistry, by A. H. Gill. 
Published by Hill Publishing Com- 
pany, New York. Cloth; 198 pages, 
4Y%x7 inches; 47 illustrations; 12 
tables. Price $1. 

This is a thoroughly revised collection 
of the articles which have appeared in 
serial form in Power. The treatment is 
clear and simple; while chemical formulas 
are given, it is not necessary that they 
be comprehended or applied by the prac- 
tical engineer in order to apply the infor- 
mation contained in the book. This con- 


sists of full instructions for testing boiler : 


feed-water, fuels, flue gases and engine. 
oils, with explanations of the effects of im- 
perfections, the apparatus required to 
make the tests and the significance of the 
results obtained. It is essentially a prac- 
tical manual and in nowise academic or 
abstruse. 


THe “MECHANICAL Wortp” ELECTRICAL 

Pocket Boox. Published by Emmott 
& ‘Co., Ltd., Manchester, England. 
Buckram; 232 pages, 4x6 inches; 50 
illustrations; many tables. Price six- 
pence. 

For an initial edition, this one is re- 
freshingly well-edited. A considerable 
quantity of the material has appeared pre- 
viously, however, in the mechanical en- 
gineering reference book published by the 
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same firm. The principal subjects of the 


sections are: Electrical Units, Resistance, 
Electrolysis, Magnets, Power Transmis- 
sion, Dynamos and Motors, Distribution, 
Alternating Current Systems, Starting 
Switches, Care and Management of Ma- 
chines, Conductors and Circuits, Measur- 
ing Instruments, Storage Batteries, Lamps 
and Lighting, Heating, Welding, Cranes, 
Electrical Pumping, Motive Power (in 
stations) and different methods of driving 
generators. The tables include wire 
properties, power-conversion constants, 
transmitting power of belts, ropes and 
gears, and squares, cubes and roots. 

THE Gas ENGINE IN PRINCIPLE AND PRAC- 
Tice. By A. H. Goldingham. Pub- 
lished by Gas Power Publishing Com- 
pany, St. Joseph, Mich. Cloth; 195 
pages, 6x9 inches; 107 illustrations. 
Price $1.50. 

This is a well-meant effort to give the 
operating engineer the elementary instruc- 
tion that is requisite to high efficiency in 
his work. So far as simplicity of treat- 
ment and accuracy of intended statement 
are concerned the book deserves praise. 
The author’s apparent inability to express 
his ideas clearly, however, defeats his pur- 
pose in many places throughout the book 
and the arrangement of the contents does 
not tend to progressive enlightenment of 
the reader. A few examples of the ob- 
scure diction employed are: “At the end 
of the stroke only air, however, is taken 
in, which is arranged not to mix with the 
explosive mixture;” “receptive temper- 
ature” and “rejective temperature” instead 
of “admission” and “exhaust” tempera- 
tures; “permits the exhaust to escape” in- 
stead of “permits the burned gases to es- 
cape”; “the air inlet is opened to allow air 
at eight or nine pounds pressure previous- 
ly compressed by the air pump at 20 de- 
grees from the outer dead center.” 

The reviewer is not inclined to carp; it 
is frequently easier to find fault than to 
do better; but in view of the fact that this 
book is intended for a class of readers not 
sufficiently well-versed in the subject to 
discriminate between careless and ex- 
plicit statements or to translate obscurities, 
there seems to be small excuse for the fail- 
ure to give the author’s manuscript the ed- 
iting it required. With intelligent and 
painstaking revision the book could be 
made valuable to men who have to oper- 
ate and care for gas-power plants. It con- 
tains a great deal of very useful material. 





‘Books Received 


“Industrial Alcohol.”. By John Geddes 
McIntosh. D. Van Nostrand Company, 
New York. . Cloth; ‘252 pages; 51%4x8% 
inches; 78 illustrations; indexed; tables. 
Price $3. 

“Standard Polyphase Apparatus and 

Systems.” By Maurice A. Oudin. 
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Van Nostrand Company, New York. 
Cloth; fifth edition; 369 pages, 5x8 inches; 
207 illustrations; indexed. Price $3. 

“Power Stations and Transmission.” 
By G. C. Shaad. American School of 
Correspondence, Chicago, Ill. Cloth; 160 
pages, 614x9% inches; 43 illustrations; in- 
dexed. Price $1. 

“The Blacksmith’s Guide.” By J. F. 
Sallows. The Technical Press, Brattle- 
boro, Vt. Cloth; 160 pages, 4%4x7 inches; 
165 illustrations; indexed. Price $1.50. 

“The Steam Engine.” By Walter B 
Snow and Walter S. Leland. American 
School of Correspondence, Chicago, III. 
Cloth; 150 pages, 6%4x9™% inches; 63 il- 
lustrations; indexed. Price $1. 





Bulletin No. 14, “Tests of Reinforced 
Concrete Beams, Series of 1906,” has just 
been issued by the University of Illinois 
engineering experiment station. The tests 
described are a continuation of the tests 
discussed in Bulletin No. 4. The topics 
investigated include the effect of quality 
of concrete upon the strength of beams, 
the effect of repetitive loading upon the 
action of beams, and the resistance of 
beams to diagonal tension failures. The 
results of the investigation of diagonal 
tension failures throw light upon the 
amount of the vertical shearing stress 
which may be allowed in reinforced con- 
crete beams not having metallic web re- 
inforcement. The resistance of beams to 
diagonal tension may be the controlling 
feature of relatively short beams, and 
as such failures occur suddenly and with- 
out much warning, a knowledge of the 
resistance of the concrete is essential. 
Some beams gave surprisingly low values 
and it seems evident that the values al- 
lowed by many city building ordinances 
are higher than should be recommended. 
The tests of concrete columns and re- 
inforced concrete columas and of re- 
inforced concrete T-beams for 1906 have 
already been published. 





Discussing the evils of the lap-riveted 
seam, the Mechanical Engineer (English) 
says: External firing and punching of 
the rivet holes or drilling them on the 
flat, of course, aggravate the action we 
have described, and we regret to say that 
punching holes and drilling plates before 
they are bent into shape are practices 
still extensively adopted by American 
boiler makers, and until they are aban- 
doned the use of butt-joints will be but 
a palliative for the unenviable reputation 
which the United States has of possessing 
the most dangerous lot of boilers in 
existence. This is no figure of speech. 
The records of boiler explosions prove it 
conclusively, as we have more than once 
pointed out, and we repeat it is due 
largely to bad workmanship, much of it be- 
ing a long way behind what would rank as 


D. third-rate practice in this country. 
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Obituary 


Theodore L. Webster, secretary of 
Warren Webster & Company, and brother 
of the founder, met an untimely death in 
a railroad accident at Camden, N. J., 
Dec. 27 last. He has been connected with 
Warren Webster & Company since the 
firm’s establishment 21 years ago, and his 
personality has peculiarly endeared him 
to his business associates, by whom his 
loss will be deeply felt. 





Personal 


ee 


William J. Crumpton has been assigned 
to the management of the Western office 
of D. C. & Wm. B. Jackson, engineers, 
which has been removed from Madison, 
Wis., to the Commercial National Bank 
building, Chicago, III. 


C. V. Kerr, who has been chief engineer 
of the Kerr Turbine Company, of Wells- 
ville, N. Y., for the last three years, was 
recently elected president of the company. 
He will continue to act as chief engineer 
and have in general charge the depart- 
ments of design, construction and testing. 





The Promotion of Industria 
Education | 


The National Society for the Promo- 
tion of Industrial Education will hold its 
annual meeting at Chicago on January 23, 
24 and 25. The meeting will be inaugu- 
rated by a public dinner at the Auditorium, 
and meetings will be held morning, after- 
noon and evening of the three succeeding 
days at the Art Institute. This occasion 
will bring together specialists in indus- 
trial education and captains of industry 
from all over the country. An exhibit of 
the work of the industrial schools of the 
country, organized by a local committee, 
will be shown in the exhibition hall of the 
Art Institute. 





The December number of Graphite, the 
well-known house organ of the Joseph 
Dixon Crucible Company, is of excep- 
tional interest as a souvenier of the re- 
cent street-railway convention at Atlantic 
City, eleven pages, devoted to the street- 
railway section, being replete with 
splendid half-tone illustrations commemo- 
rative of the occasion. Among the most 
attractive views are those showing some of 
Atrantic City’s famed hotels, boardwalk 
and piers, the Dixon graphite exhibit, and 
sand figures. A copy of the paper, which 
is well worth preserving, will be sent 
upon application to the Dixon Company, 
at Jersey City, N. J. 
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Kelvin Memorial Service 





A Kelvin memorial meeting was held 
on Sunday afternoon, Jan. 12, in the Engi- 
neering Societies building, 29-33 West 
Thirty-ninth street, New York, under the 
auspices of the American Institute of 
Electrical Engineers. Among those pres- 
ent were Andrew Carnegie, Professor 
Michael I. Pupin, representing the Amer- 
ican Philosophical Society; Dean Van 
Amringe, for the American Mathemati- 
cal Society; George H. Guy, for the New 
York Electrical Society, and Dr. E. P. 
Roeber and Professor Joseph W. Rich- 
ards, of the American Electro-Chemical 
Society. 

A resolution was passed by a standing 
vote in which the regret of the American 
Institute was expressed at the death of 
Lord Kelvin, who 
“the greatest exponent of contemporary 
science; a man whose contributions to the 
advancement of knowledge and whose in- 
ventions for ameliorating the conditions 
of mankind give him place in history as 
one of the greatest benefactors of the 
human race.” 

Henry G. Stott, president of the Ameri- 
can Institute of Electrical Engineers, 
spoke of the humility of Lord Kelvin, 
which caused him to confess, “I have 
lived long and I have learned enough to 
realize I know nothing.” 

Professor Elihu Thomson, referring to 
Lord Kelvin as an electrical engineer, de- 
clared that his life was a standing rebuke 
te those who affect to find a superior 
merit in working for pure science over 
working for practical results. Nothing 
could be less sordid, he declared, than 
Kelvin’s desire to achieve practical results. 
“It is characteristic of Lord Kelvin,” he 
said, “to note that his conceptions were 
cemplete from the beginning. A pioneer 
is hampered by lack of men, material and 
experience, but in Kelvin’s inventions later 
work only helped out the details, and 
these were often provided for from the 
start.” 

Professor E. L. Nichols, of Cornell 
University, speaking of Lord Kelvin as a 
scientist, compared him in his pre-emi- 
nence to Helmholz, and pointed out how 
hard it is to realize the state of science 
in 1841, when Kelvin went up to Cam- 
bridge, and there were few railroads or 
steamships, and the telegraph and tele- 
phone were entirely unknown. “To Kel- 
vin,” he said, “science meant first an effort 
to give the precise mathematical relation 
between things ‘and to guess at hidden re- 
lations; second, to grasp the mechanism 
of things when it could be seen or to 
imagine it when it could not. He had a 
passion for computation, and in an ad- 
dress at Philadelphia he protested against 
what he termed the barbarous system of 
English measurements. *He declared it 
held science in bondage, and hoped that 
America would free itself from it.” 


Was 


described as 
‘ 
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Business Items 





The Ohio Blower Company, Cleveland. 
O., reports recent sales of nine Swartwout 
helico-centrifugal cast-iron exhaust heads. 

Walter B. Snow, of Boston, a former presi 
dent of the New England Foundrymen's As 
sociation, and now engaged in independen 
practice as a pubicity engineer, was recent}; 
elected honorary president of that organ 
ization. 

One hundred and nine indicators in two 
orders have been received by the Lippincott 
Company, of Newark, N. J. One of thes: 
orders, for 49 instruments, is from a com 
pany which has used thirty-six outfits dui 
ing 1907. 

The Peerless Rubber Manufacturing Com 
pany has recently opened a new retail de 
partment at 88 Chambers street, New York. 
which connects with the present store at 16 
Warren street. Owing to somewhat lim- 
ited Space they have not been able to carry 
a large stock, but with the additional store, 
they will always have on hand a full and 
complete line of mechanical rubber goods to 
fill immediate demands. 

In 1900 the Tonawanda Iron and Steel 
Company, of North Tonawanda, N. Y., in- 
stalled a 4('00-horse-power ‘‘We-Fu-Go” water- 
softening and purifying system. Since that 
time it has been necessary to open the boilers 
only once a year for washing out and in- 
spection. The company has just placed a 
second order with Wm. B. Scaife & Sons 
Company, of Pittsburg, for an addition to 
the present system, to take care of increased 
boiler capacity of 4000 horse-power, making 
a total of 8000 horse-power. 

The Union Stop and Signal Company has 
been organized under the laws of Massa- 
chusetts and will manufacture and install an 
automatic engine-stop and speed-limit system 
perfected by Orlando W. Hart and Frederick 
S. Palmer. Mr. Hart will have charge of the 
manufacturing at Fall River, where the 
company has its factory. Mr. Palmer, who 
will have charge of the sales from the Bos- 
ton office, 103 Bedford street, was for two 
years connected with the Consolidated En- 
gine Stop Company, and several years with 
the Locke Regulator Company. 

The Foos Gas Engine Company, of Spring- 
field, Ohio, has purchased the business of the 
Marinette Gas Engine Company, which com- 
prises the line of Walrath multiple-cylinder 
engines for electric and power work. from 20 
to 500 horse-power. This complete line of 
vertical engines with the line of horizontal 
engines from 2 to 90 horse-power, with their 
various equipments, which have been on the 
market for twenty years, makes the Foos line 
very comprehensive. The Foos Gas Engine 
Company operates, it is said, the largest 
plant devoted exclusively to gas-engine manu- 
facture, and the business is being extended 
very rapidly. 

The Power Specialty Company, 111 Broad 
way, New York, manufacturer of the Foster 
steam superheater, reports a very gratifying 
increase in the volume of business secured 
for 1907 as compared with any previous year. 
The past ninety days has witnessed 
falling off in orders, but renewed inquiries 
within the past few weeks, and resumption 
of negotiations temporarily deferred by rea- 
son of recent financial conditions, indicate 
that a large number of contracts will be 
closed soon after the first of the year. Re- 
cent orders for Foster superheaters for in- 
stallation in practically all types of boilers 
aggregate 15,250 horse-power. 

The Harrison Safety Boiler Works, Seven- 
teenth street and Allegheny avenue, Fhila- 
delphia, is sending out a quite unusual mi! 
folder on “The Utilization of Exhaust Stea' 
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in Wood Working Establishments.” With the 
exception of what is said about the use of 
exhaust steam in dry kilns and for steaming 
lumber, the points brought out apply to most 
steam plants, covering the use of the 
Cochrane open feed-water heaters and the hot 
process system of water purification for keep- 
ing seale out of boilers, increasing the ca- 
pacity of the boilers, and saving coal and 
boiler feed-water. The folder shows an in- 
teresting lay-out for engine, heater, drying 
and heating coils and connections. 

The G. M. Davis Regulator Company, 142 
Milwaukee avenue, Chicago, Ill., recently in- 
sthlled a 16-inch automatic stop- and check- 
valve in the South Chicago Plant of the IIli- 
nois Steel Company. This valve is to serve 
as safety stop-valve on the line between the 
main header and the distributing header, sup- 
plying steam to blooming-mill engines. The 
main body of the valve is cast iron having 
phosphor bronze disks and seats, designed to 
be opened by the current of steam and to be 
closed against this current of steam by 
steam pressure in the upper half of the 
bronze cylinder which contains a bronze pis- 
ton and bronze expansion rings. The pro- 
portions between the piston and disks are 
such as to give a closing factor of 2 to 1, 
making it possible to close the valve abso- 
lutely tight without other attention than to 
throw the steam into the cylinder by means 
of a two-way cock operated at the engineer's 
table. It is the intention of the steel com- 
pany to have several points for operating 
this valve so that in case of an accident or 
in case of a desire to shut the engines down 
for any reason whatever, there will be at 
least three points from which it can be done. 





New Equipment 


The Columbus (Tex.) Light Company con- 
templates installing a new boiler. 

The Merkel (Tex.) Light and Power Com- 
pany will install a 15-ten ice plant. 

The Standard Chair,Company, Evansville, 
Ind., will erect a new plant at Howell, Ind. 

The Bristol (Va.) Gas and Electric Com- 
pany will expend about $100,000 for im- 
provements.. 
D.) Electric Light and 
installing a 


The Enderlin (N. 
Power Company contemplates 
gas producer. 

The Grangerville Electric Light and Power 
Company is planning to double present out- 
put of plant. 

An appropriation of $2000 has been made 
for the improvement of the electric lighting 
systems in the town of Gastonia, N C. 

The citizens of Blue Ridge, Ga., have voted 
to issue $30,000 in bonds for improvements 
to the electric light plant and water works 
System. 

fhe Dearborn Street Improvement Associa- 
tion, Chicago, Ill., will soon ask for bids for 
the installation of the new electric lighting 
system. 

The Forestgien Land Company, Calvert 
building, Baltimore, Md., will erect a central 
ligiting and heating plant to supply 900 


double houses. 
the Booneville (Ark.) Ice, Light and Cold 
Storage Company has been organized with 


00.000 eapital stock by M. G. Latimer, G. A. 
Bryant and others. : 
San Saba (Tex.) Light, Ice and 
Bottling Works Company is contemplating 
lling a gas producer engine or oil en- 
£ for its lighting plant. 
* Wichita (Kan.) Light, Heat, Vower 
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and Space Company is being organized for 
the purpose of furnishing heat, light and 
power to small manufacturers. 


The Wabash Railway Company will install 
an electric lighting plant at Decatur, IIl., for 
lighting the station and roundhouse, and will 
also- furnish electricity for lighting in the 
city. 

The Grand Island (Neb.) Electric Com- 
pany is contemplating increasing its capacity 


by installing a 300-kilowatt steam turbo- 
generator set, cooling tower and pumps 


complete. 


It is reported that the Wachovia Mills, 
Chattanooga, Tenn., proposes to expend about 
$2,000,000 in buildings and equipment in- 
cluding an electric power plant of 5000 
horse-power. 

The Mansfield (Ohio) Railway, Light and 
Power Company will increase the output of 
the power house to provide power for the 
Ashland line when completed, at a cost of 
about $100,000. 


The town of Lecompte, La., has adopted 
plans and specifications for an electric light 
plant. Baldwin Wood, Yew Orleans, La., has 
been selected as electrical engineer to super- 
vise construction of plant. 

It is stated that the citizens of Houston, 
Miss., are considering increasing the capacity 
of the municipial electric light plant and 
will install a 120-kilowatt 60-cycle, 2200-volt 
alternator direct connected. J. C. Arnold is 
manager. 

An appropriation of $871,350 has been 
asked for by the Bureau of Yards and Docks 
for improvements to the Portsmouth, N. H., 
navy yard, which will include extension to 
electric light plant, cranes for the boiler 
shop No. 96, ete. 

The Fort Wayne (Ind.) Power Company 
nas filed articles of incorporation for the pur- 
pose of establishing a plant to manufacture 
and distribute electric current for commer- 
cial purposes. Fred H. Schmidt, F. H. Cut- 
shall, ete., directors. 


The Oregon (Mo.) Interurban’ Railway 
Company is being incorporated with $60,000 
capital. The company proposes to build an 
electric railway from Oregon to Forest City. 
B. F. Morgan, L. I. Moore, Willam Derr and 
others, incorporators. 

It is announced that the Washington, Spa 
Springs and Gretta Electric Railway Com- 
pany will soon commence construction work. 
The power station will be built at Beverly, 
Md. SS. S. Yoder, Washington, D. C., vice 
president and manager. 

The Smyrna, Kent county and Delaware 
Bay Traction Company, Smyrna, Del., pro- 
poses to build an interurban line from 
Smyrna to Woodland Beach and Milford, Del., 
and will construct a power house at St. 
Georges, Del. J. W. Endean is interested. 


The Oklahoma Interurban Traction Com- 
pany has been incorporated at Oklahoma 
City, Okla., with a capital of $500,000 to 
build an electric railway in Oklahoma City 
and Capitol Hill to El Rano. Incorporators, 
L. E. Patterson, G. F. Benz, Lee Hamilton 
and others. 


The trustees of the Central Indiana hos- 
pital for the insane at Indianapolis will 
receive bids until Feb. 4 for the installation 
of a direct-current generator, direct-con- 
nected to a steam engine or turbine, founda- 
tions, steam connections, switchboard panel 
and all necessary connections. 


J. M. Briggs of Coeymans, N. Y., is con- 
structing a power plant in that town to fur- 
nish light and power to Coeymans, Ravenna, 
Cedar Hill and other surrounding towns. 
The equipment will consist of two Diesel en- 


gines to drive two 8&5-kilowatt Crocker- 
Wheeler direct-connected generators. 











_ New Catalogs 


Carlyle Johnson Machine Company, Hart- 
ford, Conn. Catalog C. Friction clutches. 
Illustrated, 20 pages, 314x6% inches. 

The Ohio Brass Company, Mansfield, Ohio. 
Catalog.- Collin pressure regulating valve for 
steam. Illustrated, 16 pages, 6x9 inches. 

Direct Separator Company, Syracuse, N. Y. 
Pamphlet. Standard and extra heavy flanged 
fittings. Illustrated, 36 pages, 5x7 inches. 

Morehead Manufacturing Company, Detroit, 
Mich. Catalog. ‘Tilting steam traps, return 
and non-return. Illustrated, 40 pages, 6x9 
inches. 

Sandusky Foundry and Machine Company, 
Sandusky, Ohio. Catalog. Power pumps and 
paper mill machinery. Illustrated, 6x9 
inches. 

Massachusetts Fan Company, Watertown, 
Mass. Sectional Catalog. Vertical and hori- 
zontal engines for fan driving. Illustrated, 
16 pages. 

Frank Mossberg Company, Attleboro, Mass 
Catalog No. 10, showing wrenches, punching 
and forming dies, etc. Illustrated, 44 pages, 
6x9 inches. 

American Wire Brush Company, 25 Broad 
street, New York Catalog. Minerva wire 
brushes for cleaning boiler tubes, castings, 
forgings, ete. Illustrated, 16 pages, 6x9 
inches. 





Help Wanted 


idvertisements under this 
serted for 25 cents per line. 
words make @ line. 

ASSISTANT to general manager; wanted 
immediately a gentleman with a good execu- 
tive ability and experience as assistant to 
general manager of an engineering com- 
pany handling exclusively boiler room plant 
machinery; fain commencing salary and ex- 
ceptional prospects for a really live, intelli- 
gent trained man; applications must state 
fullest particulars of past experience, age, 
salary, ete., to “Energy,” Powrr. 


head are in- 
About siz 


Miscellaneous 


WANTID—New or second hand power 
shear, preferably of Alligator type, for cut- 
ting heavy copper scrap, coils or wire, etc. 
Address with particulars, prices, ete. P. O. 
Box 2125, New York City. 

WANTED—Machinists, toolmakers and 
draftsmen to join me in promoting a com- 
pany; I have a good gas engine and need 
workmen as well as officers for the company 
with from $500 to $2000. each; such an 
opportunity is seldom’ offered. Box 138, 
POWER. 


Situations Wanted 


POSITION wanted by fireman experienced 
with pumps, boilers, absorption ice machines, 
understands repairs and pipe fittings; good 
machinists’ helper. Box 17, Power. 

WANTEI)—-Vosition in power _ station; 
understand the care and operation of elec- 
trical machinery, cranes, are lamps, etc.; 
would take job as oiler to start Oscar 
Klein, 36 DeKalb Ave., Perth Amboy, N. J. 

WANTED—Position as draftsman or fore- 
man of machinists; 8 years all-around experi- 
ence in machine shop, and 5 years as drafts- 
man: am capable of designing engine, either 
Corliss or slide valve type, pumps and con- 
densers. Address Box 20, POWER. 

SUPERHEATED STEAM ENGINES; me- 
chanical engineer, 15 years’ experience, wants 
position as designer to introduce a new type 
of the most economical piston-vafve engines 
with precision; distribution for the use of 
superheated steam of high geeteeee. 150 
revolutions per minute. Box 19, POWER. 

POSITION WANTED—By practical and 
theoretical electrician; in charge of direct 
current power plant; am married; age 29; 
employed but desire position offering oppor- 
tunity for advancement; open for engage- 
ment April 1; for reference and further par- 
ticulars, address Box 4, Wapwallopen, la. 
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the Valves of the Fitchburg Engine 


Simple Explanation of the Valve Motion and Governor, with 
Clear Instructions for Setting and Adjusting the Valves 





BY 


[The most distinctive feature of the 
Fitchburg steam engine is the valve 
motion, valve and governor design being 
next in importance. Although the de- 
signers and builders of these engines 
advocate moderate piston and fly-wheel 
speeds, the valve motion and governor 
are adaptable to all high speeds required 
of reciprocating engines. The number of 
this type of engine in use makes a study 
of its distinctive features worth the oper- 
ating engineer’s while. 

The general arrangement of the valve- 


HUBERT 


- 


shows the details of one of the steam 
valves. A cross-section of the valve and 
the valve cage is shown in the lower fig- 
ure, and the valve is shown removed 
at J, while a sectional view of one of the 
rings with which the va!ve is packed is 
shown in the upper right-hand corner. 
The construction of the valve, as shown 
in the lower view, consists of the valve- 
stem A, on which the valve parts are kept 
in place by the nuts B. The rings C and 
D fit into and bind in place the taper plug 
E E, which is used to set out the expan- 


COLLINS 


back and forth with the starting bar. 
After the adjustment is completed tighten 
the nut B and then see that the screws 
and bolts G and H are tight and evenly 
This method of adjust- 
ment applies to both steam and exhaust 
valves. 


set up all around. 


THe SEPARATE STEAM AND EXHAUST 
VALVES 
The separate steam and exhaust valves 
are shown in Fig. 3. The exhaust valve 
A is solid, while the steam valve B is 





; 

















FIG. 1. 


gear is shown in Fig. 1. The steam valves 
act separately, being operated by the gov- 
ernor eccentric by means of the rods A 
and B and the wrist-cranks C and D act- 


ing on the cams. The exhaust valves are 
On one stem actuated by a fixed eccen- 
tric on the engine shaft through the 
medium of the rods E and F. It will be 


noted that the eccentric- and valve-rods 


are located that the movement of the 
is transmitted directly to the 


_ Both steam and exhaust valves are ad- 
justable to wear. The adjustment will be 
unde i 


tood by reference to Fig. 2, which 





THE FITCHBURG ENGINE, SHOWING THE 


sible ring F F. 
used 


Adjustment bolts GG are 
in connection with adjusting the 
valve to wear. 

To adjust the valve, first slacken the 
nut B just enough to leave the ring F 
free to expand or contract, then to ex- 
pand it slacken the bolts GG and run the 
set-screws H in until the required expan- 
sion is accomplished. If the first trial 
is not sufficient, continue until the proper 
adjustment is reached. If it is too tight, 
reverse the process by first slackening the 
set-screws H and tightening the bolts G. 
While setting up or slackening the adjust- 
ment, keep trying the valve by rocking it 





VALVE-GEAR 


double-ported and balanced as shown in 
Fig. 2. In 


shown 


Fig. 3 the valve motion is 
in the center of its travel, with 
While in this posi- 
tion the rocker arms C and D should be 
vertical, or at exact right angles with the 
center line of the engine, and the wrist- 
cranks E and F should be in a like posi- 
tion, with the cams G and H as shown 
and the valve-rod so adjusted that the 
When all 
properly adjusted as to 
length the rocker-arms and wrist-cranks 
will travel an equal distance on each side 
of the center line on which they rest in 


the valves lapped. 


valves have their proper lap. 


the rods are 
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this cut. The nut J on the steam reach- 
rod has a right-and-left thread in it and 
by loosening the lock-nuts and turning 
the center, the length of this rod can be 
altered to bring the wrist-cranks in line. 
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center, the steam valve here shown will 
be back in the position shown in Fig. 3, 
while the crank-end valve will be open. 

The exhaust valves are to be evened 
up on their rods so that they close and 
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FIG. 2. CROSS-SECTION OF STEAM VALVE, ALSO THE VALVE REMOVED, 


In Fig. 2 the steam valve is shown in 
the position where it is just opening (the 
arrows denoting the direction of the flow 
of steam). Fig. 4 shows the same valve 
full open; note the position of the wrist- 
cranks here. They are both at the ex- 
treme’ position of travel in that direction. 
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AND A PACKING RING 
open alternately at about seven-eighths of 
the engine stroke. 

It will be noted that the steam-valve 
travel is equal to the distance W (Fig. 
3), or the width of the bridge X plus the 
width of the valve port Y. The steam 


valve is given this travel through the 
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that when the pin is moving down and 
away from the steam chest and back 


again to the position shown in Fig. 3, the 
valve is at rest. This is for a period of 
one-half the engine revolution. To illus- 
trate this fact, remember that while the 
wrist-crank is in the position shown in 
Fig. 3, it is on the center or half of its 
travel. Supposing the eccentric to move 
so that the wrist-pin moves from K to L 
and back again; the engine has completed 
one-half its revolution. Now, while the 
same wrist-pin is traveling from the posi- 
tion shown in Fig. 3 to that in Fig. 4 
the motion of opening is given in one 
fourth of the engine revolution, and on 
moving back to the central position the 
valve has cut off and lapped in one-fourth 
of the revolution. To prevent a too sud 
den action of the valve, the slot is just 
enough off from the point M to the end 
to start the cam and valve in motion 
slightly before the valve opens. 


STEAM VALVE IS BALANCED 

As can be seen, the steam valve is ba! 
anced by having the steam pressure on 
all sides, with the exception of the amount 
of the area of the valve-stem on the one 
end. 

This acts as an assistant in obtaining 
quick cut-off for the pressure on the out 
side end of the valve and is just enough 
more than the other end to force the 
valve back without the aid of the cam 
motion after the cut-off is obtained. This 
is evidenced by the fact that when steam 
pressure the cam is kept pressed 
against the driving roll at all times and 
after long use there is no sign of wear 
on the back side of the slot. 

The steam valve admits 
hause valve releases steam, over the 
side ends. The steam-valve motion is in- 
direct, on account of the wrist-cranks, and 
the exhaust motion is direct. With one 
eccentric the exhaust valves would neces- 
sarily have to release over the outside 
ends. But as they are separate, the ex- 


is on, 


and the ex- 
in- 


haust release is as stated. For that reason 
the governor and exhaust eccentrics both 
lead the cranks. 
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The governor eccentric is now at its 
maximum throw and on its center. One 
steam valve is full open and the other 
one is closed. When the positions are 
reversed and the eccentric is on the other 


FIG. 3 


medium of the cams and herein lies the 
peculiarity of this valve motion. 

The largest part of the cam slot is of 
the same radius that the driving pin and 
roll on the wrist-crank pass through, so 





lig. 5 shows the relative position of the 
crank and steam eccentric at about the 


point A on the dotted line RX, or it is 
about 90 degrees plus 37 degrees for lap 
and lead ahead of the crank, and the 


ot 
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haust eccentric is approximately at 90 
degrees ahead of the crank. This latter 
fact may be useful to know in the event 
f a slipped eccentric and the minimum 
time for adjustment. 
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to move outward in the direction of the 
arrow, at the same time lengthening the 
springs; by means of the connecting rods 
GG the outward motion of the weights 
turns the suspension arms C upon their 
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FIG. 4 
ig. 3 shows both eccentrics at 90 de- fulcra and the ears B, the eccentric is 
grees, while Fig. 4 shows the lead of the carried across the shaft from S toward 
steam valve distorted, for clearness of , and as the arcs by the centers B B are 


illustration, but the wrist-crank is in the 
same approximate position as when the 
crank is on the center and the eccentric 
is, at its greatest throw, advanced to the 
point shown in Fig. 5. While in this posi- 
tion the steam is cut off at about three- 
fourths stroke. The angle of advance 
grows less and less as the 

thrown across the shaft by the action of 
the governor from higher speed, thus 
accomplishing the regulation of speed. 
For a full understanding of this action 
refer to Fig. 5. The action is as follows: 
the engine is below speed, 
the eccentric is kept in its longest throw 


eccentric is 


\s long as 

















FIG. 5 


ie tension of the springs and steam 
loliows about three-fourths of the stroke, 
but as soon as the proper speed is reached 
centrifugal action causes the weights H to 
rcome the tension of the springs and 


in opposite curves they compensate each 


other, and the center S of the eccentric 
follows a straight line in its movement, 
preserving a constant lead opening, or 
otherwise, as desired. This manifestly 


decreases the eccentricity, and increases 
the advance of the eccentric, giving an 
earlier cut-off to the valve until, when the 
eccentric is swung squarely back of the 
crank, the valve opens only the lead, there 
being all points between this and extreme 
cut-off for variation. Upon the least 
diminution of speed the springs have 
more power than the centrifugal force of 
the weights, and the motion of the parts 
is arrested and turned in the opposite 
direction, giving a later cut-off, as more 
work is performed by the engine. 
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The builders give the erecting men a 
instructions for their guidance 
when first setting up the engine, extracts 
of which, given herewith, should with the 
foregoing afford a working knowledge of 
the adjustment of these engines, under 
any conditions, to the operator. 

The location of the governor case is 
determined by placing the engine on one 
dead center and rolling the case around 
the shaft until the offset of the eccentric 
is on the opposite side of the shaft from 
the crank-pin. Then roll carefully into 
such position that when (with the springs 
removed) the eccentric is thrown back 
and forth across the shaft, no end motion 
is given the valve-rod. At this place 
tighten the governor case firmly upon the 
shaft and roll the shaft to the opposite 
dead center and again move the eccentric 
back and forth across the shaft, and roll, 
and if there is at this end any end motion 
to the valve-rod, change the position of 
the governor case on the shaft enough to 
make the motion just half as much, then 
fasten the governor case firmly in this 
final position by drilling into the shaft for 
the point of the set-screw and then tight- 
ening the clamp bolts to place solidly. 
Put in the springs and tighten them until 
the proper number of revolutions is ob- 


set of 


tained, being sure to tighten up the 
springs that go through the counterbal- 
ance which hangs nearest the springs 
(when the governor is at rest) about 
three-fourths of an inch more than the 
springs on the other side. 

The travel of the exhaust valves can 


first be evened up before their eccentric is 
tightened upon the shaft by rolling the 
eccentric around the shaft to its extreme 
throw at each end. It should then be set 
so that the port is just closed when the 
crosshead has traveled a little less than 
seven-eighths of its stroke, and the set- 
screw firmly screwed upon the shaft. 

To adjust the steam valves, place the 
latch of the hook in the center of the 
half-spiral slot and clamp the hook firmly 
by its lever, evening up the movement of 
the wrist-cranks by the right and left 
nut in the valve-rod, so that in a revolu- 
tion of the engine shaft they rock evenly 
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How To Set AND ADJUST THE VALVES 

Having now discussed the motion, the 
idea is to get a working knowledge of 
how to set the valves and adjust them 
and the governor for various conditions. 


each side of a vertical line drawn from 
centers of their shafts; set the engine 
exactly on the head center and move the 
small valve-rod attached to the head 
valve in and out of its cam until the port 
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is opened the proper lead, in usual cases 
one-sixteenth of an inch, and tighten the 
set-screw in the neck of the cam upon 
the rod firmly. Roll the engine to op- 
posite center and set the other valve in 
the same way. After the valves are thus 
set as closely as possible, if practicable 
they should be adjusted by use of the 
indicator, when the engine is under par- 
tial or full load, as no mere measurements 
can ever set the valves exactly right in 
any engine. The exhaust valves of the 
low-pressure cylinder can be set the same 
as for the high-pressure cylinder. 


POWER 


speed of the engine, tighten the springs 
or take off some of the weight; and to 
decrease the speed, loosen the springs or 
add more weight. The springs should 
not be stretched much over 1% times the 
length of the coil when unstretched. The 
engine can be changed several revolutions 
by adjusting the tension of the springs, 
but if a marked change is desired, confer 
with the builders and they will direct 
what should be done. Care should be 
taken that a little even friction be main- 
tained between the face of the eccentric 
and the governor case to prevent dancing, 











January 28, 1908. 


type of engine is given in the following 
experience of the writer. On indicating 
the engine, a friction-load diagram such 


as is shown’ in Fig. 6 was taken. The 
head-end diagram showed some 30 


pounds less initial pressure than on th 
crank end, and the lead was late and th: 
cut-off early. To even up the initial pres 
sure on the two ends, the reach-rod t 
the wrist-cranks was shortened by turn 
ing the nut J, Fig. 3. This had the effec 
of more lap on the head-end steam valv 
and less on the crank end, giving the dia 
gram iu Fig. 7, where the initial pres 








FIG. 10 


sures were brought within eight pounds 
of each other by the change. It will b 
noted that the head end had the latest 
cut-off by the change. Before making 
further changes, the diagram Fig. 8 was 
taken with about one-third load on 
engine. Under these conditions the 
initial pressure is about equal, with 
cut-off still late on the head end. 





FIG. 9 


The shaft governor depends for its 
action upon the centrifugal power of the 
two weights nearest the rim, which, 
through the connecting-rods, move the 
counterbalancing weights to which the 
eccentric is attached and thus carry the 
eccentric across the shaft, altering the 
throw of the valve-rod and the point of 


closure of the admission valves. The 
centrifugal power of the weight arms 
being exerted against the springs, and 


the more the weight arms are thrown out 
toward the rim the earlier the point of 
cut-off, it follows that to increase the 


and this is secured by the springs and 
washers on the ends of the pins which 
carry the counterbalance weights. Once 
adjusted, they are right for a long time. 

Adding to the centrifugal weight arms 
and increasing the tension of the springs 
makes the governor more sensitive. Do 
not make radical changes in the weights 
or springs of the governor without con- 
sulting with the builders. 


PRACTICAL ILLUSTRATION OF SETTING 
VALVES 


An illustration of valve setting on this 


FIG. II 

The valve-stems enter the cams 
straight fit and are secured by a set-screw 
The crank-end valve-stem was loosen 
up in the cam and set out a trifle to 1 
the effect of less lap. The diagram Fis. 
9 was then taken under the same co! 
tions as Fig. 8 and shows the cut-offs ‘9 
be about even. 

In conclusion it may be well to men 
tion that in keying up any of the 
bearings of this engine a wedge adjus' 
ment is used. On both ends of the co! 
necting-rod is a box, shown in detail 
Fig. 10. To set up on these boxes, loo 
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the bolt B and tighten A. A good way 
to work this adjustment is to slacken B 
to a considerable extent, then with the flat 
side of the wrench tap it down lightly 
until it seems tight, then take up the 
slack on the bolt A just enough to know 
you have it set up, then screw B down 
into place, setting it up tight. 

The arrow marked on the outside end 
1 every box connection denotes the di- 
rection the wedge should be worked to 
ake up lost motion. To slacken, reverse 
he above operation. Fig. 11 shows the 
‘rosshead of these engines where the ad- 
justment of the shoes is the same. On 
the end of the gibs arrows are stamped, 
which also denote the direction to key 
up the wedge. 





Largest Gas Engines for Electrical 
Work— Ill 
By Cecit P. PooLe 


IGNITION 
igniters are of the mechanical 
1ake-and-break type, the mechanism is 


[he 


POWER 


jacketing 


the fixed electrodes, it was 
necessary, of course, to supply water to it 
in drops and to carry the water away from 
it in drops, in order to preserve its insu- 
lation. 

Current is furnished to the igniters from 
storage which charged to 
about 15 volts and are allowed to run 
down to about 10. Each‘igniter is equipped 
with an individual spark coil so that any 
igniter grounding does not affect any of 
the other igniters. 

Besides, each spark coil is equipped with 
a telltale which embodies a little “bobber,” 
consisting of an armature which pulls up 
to the coil and falls away as each igniter 
makes and these 
telltales it is easy to determine the con- 


batteries are 


breaks. By watching 
dition of any igniter at any time; when 
proper contact is made, the telltale moves 
vigorously, while if improper contact is 
made, its movement is slow and sluggish. 
When an igniter is grounded there is no 
movement of the “bobber” at all. 

The igniters are so arranged that all of 
them on one side of an engine can be 
advanced or retarded simultaneously from 
one position. 

















Can, Shaft H 





FIG, I4. GENERAL 


in Fig. 14. Each end of each cyl- 
“is equipped with duplicate igniters. 
high hydrogen content of the gas in- 
ed some difficulties in design in 
ction with these igniters in that it 
necessary to thoroughly water-jacket 
f the fixed and vibrating electrodes 
vell as the igniter bonnet itself. In 


ARRANGEMENT OF 





an expert well versed in the adjustment 
of these governors was secured, all dif- 
ficulty in their manipulation and adjust- 
ment ceased. The governors are located 
on the top of the right-hand main frame 
and are driven from the cam-shaft by 
belting. They are connected to the 
throttling barrels of the inlet valves by a 
system of levers and shafts, so arranged 
as to proportion the amount of mixture 
to the different ends of the different cyl- 
inders. 


SAFETY DEVICE 

In the rim of each fly-wheel is located a 
safety device consisting of a plunger re- 
sisted by a spring so adjusted as to over- 
come centrifugal force within the normal 
speed of the engines. 
sive speed is reached, however, centrifugal 
force the and_ the 
plunger moves out, tripping an air-valve 
latch, admitting air pressure to a small 
cylinder connected to the gas valve in 
the main gas supply pipe leading to the 


As soon as exces- 


overcomes spring 


engine, shutting off the supply of gas en- 
tirely to the engine, except such small 
amount as this valve may be blocked open 
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IGNITER MECHANISM AND 
GOVERNOR 

The governor is of the Lombard oil-re 
lay type, similar to those used so exten- 
sively in connection with 
regulation. Some difficulty was experi- 
enced at first in getting the station ofera- 
tors fully acquainted with the detail of 
these governors but after the assistance of 


water-wheel 








COOLING 





PROVISIONS 


to deliver in order to prevent the engine 
from stopping. 

The engines are always shut down by 
tripping these safety devices to make sure 
that they are operative at all times. 


LUBRICATION 


The bore of each cylinder is lubricated 
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by four feeds, two to each end of each 
cylinder, located on each side of the top 
longitudinal center line of the cylinder 
and in such a location with reference to 
the extreme position of the piston that 
with the piston in its extreme position 
the two oil holes are between the last two 
packing rings. That is, as the piston ap- 
proaches the end of its stroke, five of the 
six packing rings wipe the two oil holes 
and again wipe on the return stroke, lock- 
ing up the oil between the packing rings, 
thus protecting it from the fired gases and 
permitting the cooled surface of the pis- 
ton to protect it from carbonization. 

The oil is fed to the cylinders by 
Richardson sight-feed oil pumps manu- 
factured by the Sight Feed Oil Pump 
Company, of Milwaukee. The pumps are 
driven from the engine cam-shafts, and 
are so timed that oil is delivered to the 
feeds in the end of the cylinder from 
which the gases are being exhausted at 
the moment that the first packing ring 
covers the oil holes. Oil check-valves are 
provided in the oil-feed holes in the cyl- 
inders and are so designed that the valve 
itself is close to the bore of the cylinder 
and is held closed by a spring which main- 
tains about 200 pounds oil pressure in the 
oil pipe between the oil pump and the 
check-valve, insuring delivery of oil from 
the check-valve at the cylinder the mo- 
ment the plunger in the oil pump passes 
it into this discharge pipe leading to the 
check-valve. This timing of lubrication 
for gas-cngine cylinders appears to have 
originated with the Snow company. 

“Lackawanna” gas-engine oil is used to 
lubricate the cylinders, and the results 
from this lubrication are apparent from 
the fact that the bores of all of the cyl- 
inders are in perfect condition, no carbon- 
ized oil being found anywhere on the 
surfaces of the clearance space, except a 
small deposit on the upper faces of the 
pistons directly under the oil-feed holes, 
where oil has been wiped off by coming in 
contact with the face of the piston, and 
on the piston-rods, where they do not 
wipe into the packing. 

Examination of the cylinders time after 
time would seem to prove conclusively the 
correctness of the designer’s claim that if 
a cylinder is properly lubricated the mat- 
ter of deposits need give no concern 
whatever. Time and again these cylinders 
have been opened up after three or four 
wecks of operation and the entire surface 
of the cylinder counterbore, the face of 
the cylinder-head, the face of the piston, 
the port between the valve chamber and 
the cylinder, and the exhaust valve it- 
self have been thoroughly scraped, with 
the result that one tablespoonful of what 
appeared to be oxide of iron was all that 
could be found, and this deposit is just 
as often on the top of the counterbore as 
on the bottom, and just as likely to be 
on the surface of the port between the 
valve chamber and the cylinder, or even 
close to the exhaust valve itself, as on 
ary other part of the clearance space. 
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All of the principal bearings on the 
engines are fitted for flush lubrication so 
that a large stream of oil is kept running 
continually. The engines are equipped 
with oil catchers and oil. is returned to 
a large filter in the basement, by gravity, 
from which it is pumped to an elevated 
tank placed in the trusses of the power- 
house roof, from which it flows back to 
the engines by gravity. Storage capacity 
for 200 barrels of oil is thus provided 
in the elevated tank and the filter 


STARTING ARRANGEMENTS 


Each engine is started entirely from 
one position at a starting column from 
which the attendant can control the sup- 
ply of compressed air to the engine, the 
gas valve in the common gas supply pipe, 
the lubricating oil to the flushing system 
on the engine and the igniter current 
Each end of every cylinder is equipped 
with a starting valve which admits com- 
pressed air to the end of the cylinder 
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by a motor-driven centrifugal pump. 
Water flows over the cooling rack and 
into the cooled-water sump directly be- 
neath the rack, from which it is pumped 
by the second motor-driven turbine pump 
iuito an elevated tank 10 feet in diameter 
and 10 feet high, located at such a hight 
as to give a water pressure at the en- 
gine-room floor of about 20 pounds. A 
bypass connection is made direct from 
the cooled-water pump to the feed-pipe 
leading to the engines so that the water 
can be pumped direct from the pump t 
the engines in case of emergency. Afte: 
passing through the cooling process th: 
water has a temperature of between 7 
and go degrees Fahrenheit, dependin 
upon the atmosphere and the wind. 

The principal troubles which have been 
experienced in connection with these en 
gines have been with inlet- and exhaust 
valve springs, which are of such unusua! 
size as to render it difficult to secur¢ 
satisfactory spring material of the neces 
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FIG. 15. 
which it serves during a portion of the 
power stroke. These valves are plain, 
mushroom valves operated by cams’ on 
the cam-shaft, which are disengaged by 
the operator as soon as the engine is 
synchronized and carrying load. 

The station is equipped with two 
motor-driven two-stage air compressors 
manufactured by the Laidlaw-Dunn-Gor- 
don Company, of Cincinnati, which com- 
press air up to 200 pounds pressure for 
storage in three tanks, each about 5 feet 
in diameter and 20 feet long. The idea 
in carrying such high pressure is for 
storage purposes only, since the engines 
can be turned over at starting speed with 
40 pounds air pressure at the engines. 

The water for jacketing the engines is 
secured from driven wells, and is used 
over and over. Fig. 9 shows the cool- 
ing rack and cooled-water sump. Water 
after passing through the jackets of the 
engine is discharged at an average tem- 
perature of 125 degrees Fahrenheit into 
a hot-water sump located at an elevation 
below the basement floor, from which it 
is raised to the top of the cooling rack 





COOLING RACK AND ELEVATED TANK 


sary size and length. These spring trou 
bles are being gradually eliminated. 
Some difficulty was experienced at first 
in getting the operating engineers accus- 
tomed to the operation and manipulativ: 
of such enormous gas engines. They 
were all steam-engine operators and were 
naturally skeptical of such enormous gas 
engines, not having had any previous ex 
perience whatever with internal-combu: 
tion engines, even in very small unit 
This difficulty has been gradually over 
come and the operators are now as much 
at home with these engines as they 
would be with small steam units. 

As an evidence of the ease with which 
the engines are manipulated, we 
informed that time and again they h 


been started from a_ standby condi 
tion, absolutely cold (and after having 
been shut down for 24 hours), synch 


nized, cut in on the system and carrying 
rated load in less than one minute from 
the time the signal was given from 

switchboard to prepare and start. This 
seems almost incredible, but it is stated 


on good authority. This starting 
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he turning on of jacket water, oil, gas, 
-ompressed air for starting and cooling 
vater for the igniters. 

The three gas engines in operation in 
this station have been operated under all 


conditions of service. Most of the time 
they are cut in on the corporation’s gen- 
eral distribution system and at such 
times operation is in parallel with hydro- 
clectric stations and steam plants. They 
have for some time past been furnishing 
power alone to the United Railways, car- 
rying the street-railway load with’ its 
fluctuations with no difficulty in regulat- 
ing. 

No extensive gas-production _ tests 
have been run in connection with these 
engines, to determine accurately what the 
gas consumption is, on account of the 
difficulty in separating the gas used for 
illuminating and domestic purposes in 
San Francisco from that used by the en- 
gines, but careful observations of gas 
consumption under operating-service con- 
ditions justify the statement that at 
rated load a heat consumption somewhat 
less than gooo B.t.u. per brake horse- 
power-hour will be attained. With the 
use of gases containing less hydrogen, 
where higher compression can be carried, 
this heat consumption should be materi- 
ally reduced. 


THE GENERATORS 


The generators are rated at 4000 kilo- 
volt-amperes ; they supply three-phase cur- 
rents at 25 cycles and 13,200 volts, and 
run at 88 revolutions per minute. They 
are unique in being the largest gas-engine- 
driven generators in the world. 

Difficulties of parallel operation peculiar 
to gas-engine drive arise from the very 
jerky character of the impulse given by 
gas engines. The rhythmical recurrence 
of the impulses is apt to set up oscillations 
between the various units, causing them 
finally to drop out of step. In addition 
to these difficulties, these generators 
have to overcome difficulties due to line 
troubles, which are usually of consider- 
able consequence in a system such as this, 
where the transmission covers 200 miles 
and various types of machines are used, 
driven by water-wheels, steam engines and 
other gas engines. It was therefore pre- 
dicted that these large units could never 
be made to operate satisfactorily in 
parallel with each other or with the sys- 
t The type of machine used, however, 
Seems to have overcome all of the difficul- 
ties, since the three generators have been 

rated in parallel for some time. 

he alternators have frames of the box 
ty The stator laminations are punched 
With partly closed slots, permitting the 
use of solid pole-shoes. The windings of 
the stator are of the threaded-conductor 
. the conductors being placed in sub- 
tial insulating tubes inserted in the 





he rotor consists of a solid casting 
in two parts, firmly bolted together, 
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on the circumference of which the poles 
and pole-shoes, each a solid forging, are 
securely bolted. 

The rotor winding consists of flat cop- 
per conductor wound on edge, thus insur- 
ing radiating surface to every turn of the 
winding. This feature, together with the 
ventilated type of stator core and housing, 
tends to give a low and uniform tem- 
perature throughout. 





Heating : Grate Surface 


In a discussion of the paper on the ratio 
of heating to grate surface, published on 
page 44 of the January 7 number, refer- 
ence is made to diagrams submitted by 
Dr. Charles E, Lucke, one of which, there 
referred to as a “shot-gun” diagram, is 
reproduced in Fig. 1 herewith. Horizontal 
dimensions represent ratios of heating to 
grate surface, and the vertical dimensions 
boiler efficiency. It will be seen that the 
results of the various tests are well 
scattered all over the diagram. Mr. Find- 
lay pointed out, however, that the tendency 
of the tests showing the higher efficiencies 
was to bunch, in the left-hand portion of 
the diagram, indicating that the higher 
efficiencies were obtained with the lower 
rather than with the higher ratios of heat- 
ing to grate surface. 

Fig. 2 is Dr. Lucke’s diagram, showing 
the discontinuity of the two tests. With 
the single stoker the evaporation for a 
pound of coal went down steadily from 
104, at a little above 1600 pounds of coal 
per hour, to less than 9% at 2400 pounds; 
while with the double stoker, with no 
change in the heating surface, the evap 
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To Prevent Electrolysis 


The destruction of pipes by electrolysis 
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FIG. I. DR. LUCKE’S “SHOT-GUN” DIAGRAM 


has long engaged the attention of elec 
tricians, whose efforts have usually been 
directed toward preventing leakage of re- 
turn currents, but a material has now been 
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FIG. 2. 


oration went up to Io pounds again, when 
over 3200 pounds of coal were burned per 
hour, and only got down to 9% when 4100 
pounds were burned. 





A new belt is less expensive than a 
breakdown. 





A pulley well turned is a penny earned. 


3200 360 4000 4400 


DR. LUCKE’S DIAGRAM SHOWING I.ACK OF CONTINUITY 


put on the market to insulate the pipes 
themselves. This is a covering of a spe- 
cially prepared asbestos paper in laminated 
form, thoroughiy impregnated, and coated 
with a waterproof insulating compound. 
The covering is from % to % inch thick, 
and is made in 3-foot sections to fit vari 
ous sizes of pipes. All joints are sealed 
by strips and insulating cement.—The 
Practical Engineer (English). 
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Gas and Oil Engine Diagrams and Fuel Data—I 


Diagrams Showing How Various Fuels Act in Internal-combus- 
tion Engines, with Tables Giving Information on These Fuels 





BY 


Fig. 5 is convenient in laying out gas- 
engine diagrams as it gives, for various 
compressions as used with various fuels, 
the maximum explosion pressures to start 
the expansion line with. I will not say 
that these straight lines apply perfectly to 
the conditions under which every fuel and 
engine work, but usually they will be 
found reliable enough to get a representa- 
tive diagram from. Some explosion pres- 
sures in actual diagrams will be found 
lower, some higher, but this varies a good 
deal out in the field with the position and 
timing of the electric igniter, with the 
amount and temperature of the cooling 
water and the location of the valves. 


CONSTRUCTION OF DIAGRAMS 


Now, proceeding with the construction 
of diagrams, in Fig. 6 it is shown how a 
steam-engine designer starts the building 
up of his steam-engine diagram. The 
explosion line for, say, 10 per cent. cut- 
off and 200 pounds pressure is developed 
as a plain isothermic curve, according to 
the Mariotte law. The same is done with 
the compression curve in Fig. 7. The 
latter is mostly started with a desired, 
therefore given, compression pressure, and 
the point for closing of the exhaust port 
is found as shown. Real diagrams taken 
from steam engines have been shown 
many times in Power; therefore none are 
given with this article. They will be 
found to vary slightly from these curves, 
as it is practically impossible to maintain 
an isothermic condition, which 
constant temperature in the fluid. 

For comparison there are also shown 
in Figs. 8 and 9 the methods of con- 
structing the compression and expansion 
lines for an air compressor, using no 
water cooling. The diagrams are based 
on comparatively small clearance. The 
compression curve is laid out according 
to the adiabatic law, which means neither 
the gain nor loss of heat by the air. The 
expansion line (Fig. 9) of the compressed 
air which is left at the end of the stroke 
in the clearance space is usually laid out 
as an isothermal line. The improving in- 
fluence of a small compression space, say 
only 2% per cent., is shown by the dotted 


lines; as is well known, both lines would 
be 


means 


considerably improved by water 
cooling. 
The diagrams of internal-combustion 


engines as further shown by Figs. 10 to 
13, inclusive, are arranged according to 
the increase of compression, the compres- 


rarer 


1. Ss 


sion line of a gas engine using rich gases 
being shown in Fig. 10, based on tan. @ 
= Y%, and # = 30 degrees. The construc- 
tion lines are all drawn under 45 degrees, 


100 


MANN 


The compression curve for a high-com- 
pression modern gas engine using lea: 
gases is shown in Fig. 12; tan.a@ = ¥, 
again, and # is 30 degrees, as above; 
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COMPRESSION 
as usual. The corresponding expansion 
line, Fig. 11, is based on tan. &@ = tan. B3 
so that @ = 45 degrees and the construc- 
tion lines are developed under 60 degrees. 
A clearance of about 23 per cent. will be 
required for similar compressions. 
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but the required clearance space will 
found about Io per cent. f 
the above, say about 13 per cent. 


decrease ifr 





maximum explosion pressure, as shown 
Fig. 13, may go up to about 465 pound 
and the expansion curve proves to 
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close to a construction based on tan a. 


= fan, 8, and B = 45 degrees, but 
using developing lines of 60 degrees 
again. 


Figs. 9 to 13, inclusive, will be found on 
pages 138, 139 and 140. 





Experience has shown that a long belt 
will transmit more power than a short 
belt of the same width and tension, hence 
long belts are always best if it is possible 

use them. A one-inch belt traveling 
soo feet per minute and with proper ten- 
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Boiler Power for Elevators 
By Cuartes L. Hussarp 


The power necessary to operate an ele- 
vator depends upon its size, the method of 
construction and counter-balancing, the 
speed, and the efficiency. Placing these 
conditions in the form of an equation: 
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sion will transmit one horse-power. If the 
belt travels 1600 feet the power will 
loubled, each additional inch to the 
width will also add one horse-power, at 
tl ime speed and tension. A belt under 
conditions will deliver 97 per cent. 
s efficiency. If a belt is too tight, 
will be quite a loss from friction of 
ournals, if too loose, there will be 


_more loss by slipping. Excessive 


ing dries out the leather and reduces 
lhesion, 





8. COMPRESSION LINE OF “NON-COOLED” 


Stroke 


Ww 


AIR COMPRESSOR 


W = weight of live load, 

u = unbalanced weight of car, 
S = speed in feet per minute, 
e = efficiency. 





The elevators in most general use for 
passenger service are of the hydraulic and 
electric types; for freight work, some 
steam and belted elevators are in commis- 
sion, the latter being connected directly 
with the line shaft in shops and factories. 
The general method of computing the 
power is the same for both hydraulic and 





electric elevators, although they differ to 
some extent in detail, making it advisable 
to consider them separately. 

The live load for a passenger elevator 
is usually figured on a basis of from 60 to 
80 pounds per square foot of floor space, 
and the weight of the elevator itself from 
Too to 125 pounds per square foot, which 
also includes the safety device. These 
figures will be found ample for cars of or- 
dinary construction, but may be exceeded 
somewhat in the case of metal cars of es- 
pecially massive design. 


HypRAULIC ELEVATORS 


It is common practice with elevators of 
this type to counter-balance up to about 
three-fourths of the weight of the car. 
The speed varies from, say, 200 to 600 
feet per minute, 400 feet being about the 
average for office buildings of medium 
size. The efficiency is in the vicinity of 
60 per cent. 

In computing the boiler power, it is 
usually assumed that probably all of the 
elevators will not be running at one time 
at their maximum capacity; it must be 
remembered also that power is required 
only on the upward trip, as the weight of 
the car causes it to descend under the 
control of a_ suitable braking 
When there is no definite information at 
hand, it is customary to compute the 
power necessary to operate all of the ele 
vators at one time under full load, and 
base the boiler power on two-thirds of 
this result. 

EXAMPLE: 


device. 


An office building has four 
hydraulic elevators, each having a floor 
space of 30 square feet. What boiler 
power should be provided, using the fol- 
lowing average data: load, 70 
pounds per square foot of floor space; 
weight of elevator, 100 pounds per square 
foot of floor space; speed, 400 feet per 
minute; efficiency, 60 per cent.; steam 
consumption of pumps, 65 pounds per 
hour per horse-power. 

From the foregoing, 

W = 30 X 70 X 3 = 6300; 
u = 30 X 100 XK 3 X 0.25 = 2250. 


Then for a continuous upward movement 
with a full load the required horse-power 
would be: 


Live 


_(6300 + 2250) 400 


172 horse-power, 
0.60 X 33,000 7 


under actual conditions 
one-half of the time is occupied by the 
downward trips, and the power required 
is therefore only one-half of this, or 86 
horse-power. Making allowance for stops 
at the various floors and for the time that 
part of the elevators are idle, it may be 
assumed that it will be sufficient to pro- 
vide for 70 per cent. of the full time, or 
0.70 X 86= 60 horse-power. The steam 
consumption under the conditions stated 
would be 60 65—3900 pounds per 
hour. 

Assuming 30 pounds of steam per boiler 


but, of course, 








138 










horse-power, which may be taken with 
sufficient accuracy when the pressure and 
feed-water temperature are not given, 
the required boiler horse-power will be 
3900 -- 30 = 130. 
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raised to a given hight, instead of in 
horse-power, as in the case of an engine. 

The weight of water in pounds per min- 
ute, multiplied by the hight in feet to 
which it is raised, divided by 33,000, will 


-'500 Lbs, 
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The boiler power required for running 
a pump is computed in a similar manner 
to that for an engine. The rating or ca- 
pacity of a pump, however, is usually ex- 
pressed in gallons of water per minute 










FIG, 10. COMPRESSION LINE OF RICH GASES, 
ALCOHOL AND KEROSENE ENGINES 


NATURAL, COAL, COKE-OVEN GAS, GASOLENE, 


give the useful or delivered work of the 
pump in horse-power. 

The friction of the water flowing 
through the passages and valves is so 
great that under ordinary working con- 
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ditions not much more than 50 per cent. 
of the indicated horse-power of the steam 
cylinders is represented by the net useful 
work. This calls for a large amount of 
steam is proportion to the work done, as 
shown by the table herewith, which gives 
the average steam consumption of the or- 
dinary duplex pump. 


TABLE SHOWING AVERAGE STEAM CONSU MP- 
TION OF DUPLEX PUMPS 


Pounds of stear 


‘ > ver hour 
Type of Pump. I 


per delivered 

horse-power. 
Simple non-condensing............ 120 
Compound non-condensing ....... 65 
Triple non-condensing ............ 40 
High-duty non-condensing........ 30 


The head against which a pump works 
is the vertical distance between the sur 
face of the water in the suction reser 
voir and that in the discharge reservoir 
If the pump is delivering against a pres 
sure, as in feeding a boiler, the pressur: 
may be reduced to “feet head,” by divid 
ing the pressure per square inch by 0.43. 


ELEctTrRic ELEVATORS 


The type of electric elevators mostl 
used is the drum. The speeds at which 
this type commonly runs may be taken a 
300 and 500 feet per minute, respectively, 
for single- and double-drum machines; fo: 
regular work speeds above 400 feet ar 
not usually found necessary for the aver 
age building. 

So far as the necessary power is con 
cerned, the single drum and duplex ma 
chines may be considered together. Th 
efficiency of these is ordinarily from 50 t 
70 per cent., although theoretically th 
former is the more efficient type. In 
practice it is not customary to count on 
much more than 50 per cent., which giv« 
results on the side of safety. 

The method of balancing the electric 
elevators of the drum type differs from 
that applied to the hydraulic, in that th: 
entire weight of the car plus from 40 to 
50 per cent. of the maximum live load i 
counter-balanced. From this it is evident 
that with no load the power required to 
pull the car down is that necessary t 
raise the excess counter-weight, which 
may be taken as equal to one-half th 
maximum live load, and to overcome th 
friction of the machine. When the car i 
half loaded it is balanced, and the power 
required is that to. overcome friction only 
At full load the conditions are the same a: 
for an empty car, except the power is re 
quired during the upward trip instead 0! 
the downward. It is evident that pow 
may be required for both the upward an 
downward trips, depending upon the 
number of people in the car, but it wil! 
never be as great at any one time as i" 
the case of the hydraulic elevator. 

EXAMPLE: Taking the same condition 
as in the preceding example, what boile: 
power will be required to operate electr 
elevators of the drum type, having an ¢ 
ficiency of 50 per cent. and a speed of 30° 
feet per minute? 
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In this case u, the unbalanced weight of 
the car, disappears, and the maximum live 
load is equal to only one-half the weight 
of the people in the car, the other half 
being counter-balanced, so that: 

W = 30 X 70 X 3 X 0.5 = 3150 pounds, 
from which 
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If the full load was carried on both 
upward and downward trips, or sufficient 
of it on the downward trip to overbal- 
ance the counter-weight and the friction 
of the car, the conditions would be the 


( 
60 
80 


100, 


{300 Lbs, 


{200 Lbs 


}100 Lbs, 


% 


Stroke < 


PRODUCER-GAS AND 


BLAST-FURNACE GAS ENGINES 








139 


same as in the case of the hydraulic ele- 
vator, that is, power would only be re 
quired on the upward trip. 

This condition, however, does not hold, 
especially in the case of office buildings, 
where during the morning hours the max- 
imum loads are on the upward trips, with 
empty or nearly empty cars coming down. 
Under these conditions the power is prac 
tically the same on both trips, owing to 
the necessity of raising the counter-weight 
when the car is descending. This makes it 
necessary to treat the problem the same as 
though the machine were raising a con 
tinuous load. 

Assuming, as before, that a certain 
amount of time is required for passengers 
to enter and leave the car, and that all 
of the cars will not be running at one 
time, we may take 70 per cent. of the 
above, or 57 X 0.7= 40, as the maximum 
horse-power to be delivered continuously 
by the motor. 

Assuming efficiencies of 80,.90, and 8&5 
per cent. for the motor, generator and en 
gine, respectively, the required indicated 
horse-power of the engine will be 

40 


0.9 = 62 horse power, 
.9gO0 


0.80 < 0.85 

The boiler power will, of course, de- 
pend upon the water rate of the engine. 
Assuming that a simple non-condensing 
engine is employed, requiring 30 pounds 
of steam per indicated horse-power per 
hour, the boiler power will be practically 
the same as that of the engine, that is, 62 
horse-power. The power required to 
operate duplex elevators is practically the 
same, except a higher speed may be al- 
lowed. 

The method of balancing a screw ma 
chine is practically the same as for the 
hydraulic type. The efficiency of this 
machine may be taken as about 70 per 
cent. The horse-power for driving ele- 
vators of this type is calculated the same 
as for the hydraulic, except for the higher 
efficiency. After the power of the motor 
has been computed, the boiler power may 
be determined as in the preceding 
ample. 


ca 


Freight elevators are computed in the 
same way, except they are run at lower 
speeds, and are built especially to carry 
the desired load in each particular case. 
When applying these methods of compu- 
tation to any particular case, the engineer 
should obtain all the data possible regard 
ing the type of machine to be used, the 
probable speed, efficiency, etc., before pro- 
ceeding; but if any of the data are lack- 
ing, the average figures already given may 
be used with approximate results. 





In setting a pump experience has shown 
that if long pipes are to be used the diam- 
eter must be increased to allow for the 
in¢reased friction. The elbows, tees and 
valves should be limited to the least pos- 
sible number as they increase friction more 
rapidly than pipe length. 
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Hinged Cylinder-head for a 
Vertical Sinking Pump 





By A. H. Hate 





Owing to the adverse conditions under 
which mine sinking pumps are worked, 
the present arrangement of cylinder-head 
bolts on the type of pump under discus- 
sion is anything but convenient for the 
speedy opening of the cylinder, and that 
is more often necessary than is generally 
supposed. It is a difficult matter to keep 
the “cushion valve” in the exhaust always 
set so that the piston cannot over-travel 
and strike the cylinder-head, the pounding 
of the head by the piston causing injury 
to the piston packing, and also causing 
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the cylinder-head to be lifted clear of the 
cylinder, when the conditions are such 
that it cannot be swung “wide open” on 
the hinges. This condition is not found 
very often, as almost every shaft of im- 
portance now sunk is timbered with what 
are known as “open sets”; still there are 
a few of the “close-timbered” shafts in 
use. The “boss” on the cylinder-head 
fitting into the “counterbore” of the cylin- 
der would necessitate the slotting of the 
pin holes in the hinges, as otherwise the 
head could not be raised so the “boss” 
would clear the cylinder. 

The hinged bolts shown are nothing 
more than an ordinary T-bolt, with a 
cylindrical head, designed to swing or 
work in a groove in the cylinder casting 
and kept in place by means of a “covering 
piece.” 
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the head to work loose on the piston-rod. 
The causes just mentioned, taken in con- 
nection with troubles at the water end 
of the pump, make frequent opening of 
the cylinder necessary. Quite recently the 
writer saw a plunger that had _ been 
stripped from the piston-rod, by the plun- 
ger striking the head of the water barrel 
of the pump. This accident was due to 
the “cushion valve” not being properly 
adjusted. 

In Fig. 1, shown on page 141, the cylin- 
der-head is designed to swing on hinges 
closely resembling the ordinary “pin 
hinges,” the difference consisting of the 
female lugs of the pump-cylinder hinges 
being slotted, this arrangement allowing 


Te replace a bolt it is only required to 
slacken the nuts A A and remove one of 
the nuts CC, as conditions may demand, 
and then remove the covering piece. 

The bolt shown on the cylinder-head 
is for the purpose of locking the latter 
securely when in the “wide-open” posi- 
tion. 

The eye-bolt for lifting the head should 
be on every sinking pump, but more par- 
ticularly on the larger sizes, as some of 
the cylinder-heads on the large pumps 
weigh over 200 pounds, and form an awk- 
ward piece to handle in the contracted 
space in the pump-way of a shaft. 

The bolts for breaking joints should 
be on every pump of the “sinker” class, 
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as they are much superior to the hammer 
and cold-chisel method for removing a 
cylinder-head. 

In the sketch the usual pocket on the 
cylinder-head, intended to receive the nut 
on the end of the piston-rod, has been 
omitted. As the writer believes, the, best 
way to attach a piston-head to a piston- 
rod is by shrinking it onto the rod. As 
will be noticed in Fig. 2, the bearing of 
the piston-head on the rod is somewhat 
sinaller than the end of the rod. The 
collar formed is intended as a safety col- 
lar, to prevent the piston-head from slip- 
ping off without giving warning. The 
diameter of the collar will have to b 
determined by measuring the hole in th: 
piston-head when the latter is hot. 

Some pump men will contend that it is 
necessary to have the piston-head remov- 
able, so that in case the plunger is rusted 
on the rod the plunger and piston can be 
taken out together and sent to the surface. 
If the holes in the plunger and the rod 
where it fits or bears are both given 
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FIG. 2. HALF SECTION OF PISTON HEAD 


AND ROD 


a coat of graphite paint, and the paint is 
allowed to dry before the parts are put 
together, no difficulty will ever be ex- 
perienced when taking them apart. Com- 
mon stove polish makes a very fair grade 
of graphite paint. 

The cost of the hinged-bolt design will 
be but little more than the design now in 
use. 





At a central station where a_ large 
amount of power is generated to supply 
power for motors and lamps, the whole 
current should not be generated by 
single dynamo, but by several. For in 
stance, if a plant is designed to have < 
maximum load of 1000 horse-power, fiv: 
machines might be installed, each driver 
by a separate engine, and each capable of 
generating 250 horse-power. This arrang¢ 
ment would allow one dynamo for re 
serve in case of repairs or break-downs 
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The Machinery Club of the 
City of New York 


The organization of this club is pro- 
gressing satisfactorily and it is expected 
that its quarters will be ready for occu- 
pancy by the first of May. The purpose 
of the organization is to provide a pleasant 
meeting place for entertainment in the 


POWER 


eon club, but it is expected that the unu- 
sual superiority of the appointments and 
the convenient location will make it a 
general rendezvous for the machine trade. 
The President of the United States, the 
Governor of the State and the Mayor of 
the City of New York, the commandant of 
the Brooklyn Navy Yard and the major- 
general commanding the Department of 
the East are honorary members. Resident 
members are limited to 750; suburban 
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The Smoke Question in England 





To burn bituminous coal economically 
and efficiently a fire must often be in such 
a condition as to be on the point of, if 
not actually, producing smoke. At all 
events, to avoid some emission the stoker 
needs to be careful and alert. The prob- 
lem is not a difficult one, provided there is 
a reserve of boiler power. But this means 
extra capital expenditure and often less 
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heart of the business section of Manhat- 
tan, conveniently located to most of the 
ofices of the concerns interested in the 
Various branches of the machinery and 
metal trades. Quarters have been engaged 
on the twentieth and twenty-first floors 


ot the Fulton Terminal Building on 
Church street, the space reserved being 
ample for lunch, grill, library and assem- 
bly rooms, with possibly a few sleeping 


— for the use of out-of-town mem- 
ers, 


he club will be primarily a lunch- 
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members not residing or having a regular 
office on the island of Manhattan, but re- 
siding within fifteen miles of New York 
city hall, are provided for to the number 
of 500, and non-resident members are lim- 
ited to one thousand. Members of the 
Army and Navy are taken without re- 
striction. 

F. H. Stillman is the president of and 
moving spirit in the organization of the 
club, the temporary offices of which are 
at 26 Cortlandt street. 


economy. In short the smoke question, as 
it affects the manufacturer, is usually a 
money question. As it affects towns the 
great sinner is the domestic fire, and until 
the British public becomes reconciled to a 
tundamental alteration in its method of 
heating houses, either by closed stoves or 
gas fires, or by some distribution of hot 
water from a central station, as in many 
towns in America, the smoke question will 
remain to perplex the sanitary reformers. 
—The Mechanical Engineer. 
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The Hydraulic Elevator—XVl 


Care of the Crane Horizontal “Pushing” Machine; How the Stop- 
motion Gets out of Adjustment; the Cylinders and Other Parts 
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The automatic stop-valve mechanism, 
above all other parts, should be kept in 
perfect working order in all types of 
elevator, for if this is not done, and some 
other part should be disarranged, the car 
is likely to “run away” and strike the 
bumpers violently. Even if it should not 


BY WILLIAM BAXTER, 


pushing machine can be fully understood 
by the aid of the accompanying illustra- 
tions. It should be understood that the 
frame D, Fig. 169 herewith, is moved by 
the motion of the traveling-sheave cross- 
head, an arm on the latter striking against 
stops fastened to the operating bar at- 









































run away, it will strike the bumpers hard 
enough to cause the passengers discom- 
fort and alarm if the operator neglects 
to move the lever to the stop position at 
the proper time. It is very common prac- 














FIG.17! 


tice for an operator to depend upon the 
automatic stops to bring the car to a 
standstill at each end of its travel, conse- 
quently ‘if the adjustment should be im- 
perfect the car would probably strike the 
bumpers. 

The proper treatment of the automatic- 
stop mechanism of the Crane horizontal 








FIG, 
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tached to the right-hand end of the frame 
D. As the movement of the frame D, 
therefore, depends on the position of the 
stops on the operating bar, it follows that 
these must be in such position that when 
the car is moving with normal velocity 
the automatic stop will cause it to come 
to a state of rest even with the top or 
bottom floor, as the case may be. The 
location of the stops is determined by 
actual trial, usually by the elevator erec- 
tors, so that as a rule all that is necessary 


JR. 


The pin upon which the lever 4 rocks 
carries a roller C’ that runs within the 
groove of the frame D, and the weight of 
the latter, in addition to the pull of t! 

valve connecting-rod E, has to be carrie: 
by this roller whenever the frame D ji 

moved by the stops on the operating rod 
to close the valve. When the elevator star: 

from either the top or bottom floor tl! 

frame D is moved by the weight K, when 
the pressure on the roller on the pin C 
becomes somewhat less than the weight, 
because the force required to move the 
valve to the open position acts to lift the 
frame D, the rod E having to push 
against the lever F in order to pull the 
valve-rod G to the right, the direction in 
which it should be moved to open the 
valve. In this way more wear and strain 
are brought to bear on the top inner face 
d of the frame D than on the lower inner 
face. The rollers BB’ and C’ should be 
kept clean and well lubricated, otherwise 
they are liable to slide instead of roll. 
The joints of the valve lever F should 
also be kept clean and free, and the upper 
end f’ should be protected so grit will not 
get into it and cut the surfaces. Each of 
these moving surfaces considered by it- 
self will not appreciably affect the power 
required to move the stop mechanism if 
it should get rough or sticky and run a 
little hard, but several of them together 
will make a decided difference. 
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FIG. 172 


afterward is to keep an eye on the stops 
and make sure that they do not shift and 
are not likely to. 

If the automatic-stop mechanism works 
hard there will be more danger of the 
stops shifting than if it works freely, 
therefore every part that is liable to stick 
should be examined and tested frequently. 
If the faces aa’ of the lever A, Fig. 160, 
become rusty, or even covered with dirt, 
they will offer more resistance to the rol- 
lers BB’ than if bright and smooth, and 
this is also true of the-inner faces of the 
frame D, particularly the upper one, d. 


How THE Srop-MOTION GETs Out 0! 
ADJUSTMENT 

Notwithstanding that the stop-motion is 
properly adjusted by the elevator erectors 
at the time of installation, it can get out 
of adjustment thereafter through the 
wearing away or displacement of a part. 
If the car stops a short distance beyond 
the top and bottom floors, it is a sign 
that the stop-valve has become worn 
along the edges that shut off the flow of 
water and to restore the adjustment s° 
that the car will stop even with the floors 
all that is necessary is to shorten the rod & 
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means of the right-and-left coupling E’. 

If the car stops short of the top floor and 
s below the bottom landing, it indi 

‘s that the lifting ropes have stretched, 
while the proper way to restore the 
ljiustment is by shortening the ropes, a 














FIG.174 


sliglit overrunning can be remedied by 
shifting the stops on the operating rod to 
the right, so that the crosshead will have 
to move farther from the cylinder to 
close the stop-valve when the car is going 
upward, and less near to the cylinder 
when the car is descending. This last 
expedient cannot be resorted to in case 
much adjustment is required, however, 


because it will cause the piston to move 


POWER 
then the stops may be moved a distance 
less than the clearance between the buf- 
fers. It is possible for the adjustment to 
become changed so that the car will over- 
run the mark at the bottom floor only. 
This may be the case if the wear of the 
stop-valve and the stretch of the ropes 
just offset each other. Such an occur- 
rence is likely to be remote, because the 
stretch of the ropes is almost sure to be 
In any case, if the car 
does not stop about the same distance 
below both landings, it is because, in ad- 


greater or less. 


dition to a stretch in the ropes, there is 
a leak over the front edge of the stop- 
valve, and to correct the adjustment the 
ropes and the rod E must be shortened. 
Unless the car runs far enough beyond the 
top and bottom landings to inconveni- 
ence the passengers, however, it is better 
not to make any adjustment. 

The construction of the lever F is clearly 
shown in Figs. 170 and 171. In Fig. 170 
it will be seen that the center bearing 
upon which the lever swings is very much 
longer than the end bearings, a construc- 
tion designed to prevent side movement. 
If the center bearing were short, the up- 
per end f’ would press the valve to one 
side or the other and gradually wear the 
bearing out of true. On account of its 
length, this center bearing is more liable 
to become gummed up, and it should be 
taken apart occasionally, thoroughly 
cleaned and lubricated with a light oil 
that will not gum. 

The roller C’ on which the frame D 
rides, together with the pin C on which it 
is mounted, are shown in Fig, 172. The 
pin is provided with an oil cup A and oil- 
holes aa’, through which the surface with 
which the roller C’ contacts is lubricated. 
The difference between the diameter of 
the roller C’ and the stud C is not very 
great, therefore, if the surface is permit- 
ted to run dry it will be very liable to 
cause the roller to stick, and then the frame 
D will slide over it, eventually wearing 
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FIG. 175 
reve e cylinder too far and strike the a flat spot. This should be guarded 
vulters, which would cause the elevator against carefully, because if once a flat 
st ven if the stop-valve were not surface is worn on the roller it will be 
“ntirely closed. In fact, this adjustment next to impossible to keep it revolving. 
Cannot made unless when the car stops Owing to this fact it is advisable not to 
the top floor the piston buffer is not 


with the stationary buffer; 


lubricate the surface d of the frame very 
often, so that the sliding friction at this 
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point may, be sufficient to cause the roller 
C’ to revolve, even if it is not as well 
lubricated as it should be. The weight 
lever J, Fig. 169, is bolted to the side of 
the cam lever A, and the latter swings on 
the portion D’ of the stud C. This stud is 
riveted into a stand, shown in Figs. 173 
and 174, and the stand is bolted to the 
side of the front cylinder-head, in the 
manner clearly shown in Fig. 175. This 
drawing also shows the position of the 
flange of the roller C’, which is between thx 
frame D and the stand C”. The cam lever 
A, being placed outside of the frame D, 
serves to retain the latter in place. The 
cam lever is held in position by means of 
the washer B’ and the nut B, as shown ir 
ig. 172. The weight K on the lever J re- 
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FIG. 176 


turns the stop-valve to the open position 
each trip as the car moves away from the 
landing. By varying the position of the 
weight on the lever the rotative force can 
be varied. To be in proper adjustment, 
the cam lever A should follow up the 
retreating rollers B B’ on the frame D, so 
that the stop-valve may be drawn out of 
the way fast enough to permit the car to 
pick up the requisite speed in starting. 
lf the cam A does not follow up the rol 
ler the weight K must be set farther from 
the center, but it must not be set any 
farther than is necessary, because by so 
doing more effort will have to be exerted 
by the mechanism when the valve is 
moved to the stop position. From this it 
will be evident that if the cam lever A fails 
to follow up the rollers B and B’ it will 
not do to shift the weight K out to the 
end of the lever J, to make sure of hay 
ing enough moving force, but it must be 
shifted a little at a time, until the cam 
lever follows the roller throughout the 
whole travel; and then shifted just a 
trifle more so as to be on the safe side 
The rollers B B’, together with the pin 
on which they are mounted, are shown in 
Fig. 176. These rollers, as will be seen 
at B, have a smaller hole with reference 
to the outside diameter than the roller 
C’, therefore they are less liable to stick, 
but nevertheless they should be well 
looked after and not permitted to run 


dry. 





Preliminary steps have been taken 
toward honoring Lord Kelvin’s memory 
by erecting a statue or other suitable 
memorial in Belfast, Ire., his birthplace 
In this connection the Electrical Review 
of London, Eng., suggests the erection of 
a representative international memorial in 
one of the two great centers where Lord 
Kelvin was most frequently engaged in 
the pursuits of science—London, or Glas- 
gow, Scotland. 
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Use of the Entropy Diagram in 
Engine Tests—Il 


By Pror. SipNEY A. REEVE 


If this cushion steam behaved itself 
properly, as a thermally ‘inert, spring- 
like mechanism of the engine, it would 
compress or expand from this point adia- 
batically. As a matter of fact, of course, 
it does not do this. But, as a matter of 
justice and good bookkeeping, all of its 
departures from the adiabatic, whether by 
absorption or rejection of heat, must be 
charged to and collected from the cylinder 
feed alone. That is to say, a true analysis 
will deduct from the aggregate volume of 
steam in the cylinder, not the actually 
occurring volumes of cushion steam, but 
the volumes which the cushion steam 
would have had, had it held itself aloof 
from the cylinder feed and confined itself 
to its task of absorbing power on the 
cushion stroke and giving it back on the 
working stroke, leaving the cylinder feed 
to perform the net work and settle all 
debts with the cylinder walls, with boiler 
heat. 

In other words, let there be laid off a 
pressure-volume adiabatic showing the 
ideal action of the known weight of cush- 
son steam, and let its volumes be deducted 
from the aggregate volumes in order to 
find true cylinder-feed volumes. 


CONSTRUCTING A PRESSURE-VOLUME 
ADIABATIC 


The construction of this adiabatic is the 
only tedious portion of the analysis. It 
was to lighten the burden of this and 
other mechanical processes incidental to 
an entropy analysis that the writer pub- 
lished, in 1898, a large blank-diagram 
sheet, suitable for use upon a drawing- 
board. The diagram is equipped with 
these adiabatic curves already drawn, and 
with other devices whereby the rapid use 
of T-square and triangle replaces many la- 
borious arithmetical computations.* With- 
out such aid, however, the analyst must 
compute his adiabatic curve himself, 
according to the rules laid down in the 
article in the December number. 

This curve, when computed, should be 
laid off with volumes extending on the 
opposite side of the vertical axis from the 
working stroke of the indicator card. 
That is, for such a card as Fig. 1, the 
cushion-steam adiabatic should lie at the 
left of the axis, as in Fig. 2. On such a 
pressure-volume diagram as Fig. 2, with 
its vertical axis located near the center 
of the field, the initial volume A y of Fig. 
I is reproduced (to any convenient scale 
of cubic feet) as 4 y of Fig. 2. The other 
volumes of the adiabatic y R follow from 





*Progressive Age Publishing Company, 280 
Broadway, New York. Price, 25 cents. Its 
issue has not been pecuniarily profitable to 
that degree which should cause hesitaney in 
advertising it in the present manner, — 
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this initial one.t Of course, the cushion 
steam at y being dry saturated, at points 
above it is supposedly superheated, and at 
points below wet. 

If now the measurements of absolute 
volume of the aggregate steam body, as 
taken from the indicator card, be laid off 
horizontally in Fig. 2, not from the ver- 
tical, straight-line axis O Y, but from the 
curvilinear adiabatic yR on the left, as 
the true zero line for aggregate volumes, 
the vertical axis O Y will automatically 
deduct therefrom the volumes properly 
chargeable to the presence of the cushion 
steam. The distorted indicator diagram 
AA’ BCDEFG which results will por- 


_tray, when referred to the vertical axis, 


the true action of one pound of cylinder 
feed—when all heat losses in the cylinder, 
whether to work done, to the exhaust or 
to the walls, are charged against it, and 
against it alone. 

It now remains only to translate this 
distorted indicator diagram into an 
entropy diagram in order to have clearly 
before the eye all the heat events in this 
particular cylinder. 

This is done by remembering that, be- 


¥ 
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. me 
— —- of a pound of steam. That 
is to say, of the one pound of cylinder 
, mE. 
feed passing, fe a water. The 


entropy of the steam portion can be found 
by multiplying the entropy of vaporiza- 
tion at that pressure, as found in the 
steam tables, by 2 
m e 

Let it be supposed that the analyst has 
laid off upon another sheet of paper the 
entropy values for water and dry steam 
as given by the steam tables, resulting 
in lines similar to aW and SS, respec 
lively of Fig. 3.6 Let him now lay off, 
at the temperatures corresponding to the 
observed the thus 
computed for various points about th 
indicator card similar to E. These points 
should be located frequently along the ex 
pansion and compression lines, few during 
admission and none along the back-pres 
sure line. Twenty points are enough 
The entropies thus derived are to be laid 
off, not from the vertical axis O T of Fig. 
3, but from the water-line a JV. 

There result a 





pressures, entropies 


will like 


diagram 

















—_— — —— 


Cushion Steam 


Cylinder Feed 





Aggregate Steam Body 


FIG. 
tween the all-water and dry-saturated 
conditions, volumes, weights, entropies 


and latent heats all vary, under constant 
pressure, proportionately to each other. 
For instance, at the point E there is 
shown, by measurement from OX and 
OY, respectively (in Fig. 2), a certain 
volume mE of steam of a certain pres- 
sure. The steam tables show that 1 pound 
of dry steam of this pressure has the vol- 
ume mc. The steam in the cylinder there- 
fore possesses the volume—and therefore 
the weight, entropy and latent heat—of 


y7If the blank diagram mentioned be used, 
the space to the left of AY will be found 
occupied by a large number of curves sim- 
liar to y R, closely in parallel. The point y, 
when laid off on the diagram, must fall near 
some one of these curves. With the nearest 
printed curve as a guide—or, better, by using 
the two printed curves on either side—a 
sufficiently accurate adiabatic yR may be 
drawn in very quickly. 
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AA'BCDEFG of Fig. 3, each point 
of which corresponds to the same letter 
of Fig. 2. This is the final result, the 
true entropy-temperature record of the 
action of one pound of cylinder feed in 
passing through the engine. 

Before proceeding to analyze this dia- 
gram it must be noticed that at A’ the 
steam apparently has less entropy than it 
would have if it were all water of the 
same temperature. But impos 
sible. The explanation lies in the math 
matical fiction that all losses we! 
to be charged against the cylinder fc 
although actually incurred by the cushion 
steam. At this point in the cycle the 
cushion steam has been losing heat; 
there is no cylinder feed present, for t 


this is 


tThe blank-diagram sheet already 


ferred to furnishes these lines already draw 
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moment, to make the loss good. So this 
loss, being mathematically charged against 
the cylinder feed which is about to enter 
the cylinder the following instant, but 
has not yet done so, appears as a deficit 
below zero. At A the cushion steam was 
left, entrapped in the cylinder by the clos- 
ing of the exhaust valve behind the de- 
parting cylinder feed, solvent and with 
all accounts balanced. Immediately there- 
after it loses heat to the cylinder walls, 
while undergoing compression. When the 
steam valve opens again, at A’, to admit 
a new puff of cylinder feed, the latter 
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This can be done geometrically by shift- 
ing the line a W of Fig. 3 into a new posi- 
tion a’ W’ parallel to aW and tangent to 
A’. At the same time the line S S must be 
shifted parallel with itself by an equal 
horizontal distance, to S’S’. This is 
merely the equivalent of shifting the cycle 
diagram horizontally to the right, but is 
easier. 

The profits and losses of the cylinder 
feed, as it brings its heat to market to ex- 
change it into work, are now displayed 
with clearness, accuracy and common 
sense. It will be of interest and value to 
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finds the cushion steam in debt. It is analyze these losses and gains, and to 


obliged to contribute heat and entropy 
until B is reached, before all debts are 
paid. 

Even after B is reached the trouble 
does not end. The wasteful chill of the 
cushion steam, coupled with the presence 
of the clearance volume which has been 
provided as a habitation for this prodigal, 
indirectly involves the cylinder feed in 
further losses, until:C is reached; after 
which the working stroke may begin in 
teal effectiveness. 

But we are interested only in the ex- 
chequer of the parental cylinder feed, not 
in the extravagances of the filial cushion 
Steam. So these temporary deficits of the 
, which are shown by such portions 
of the diagram as AA’B, should be 
erased from the books by shifting them 
to the debit account of the cylinder feed. 


, 
latter 








charge them up to their respective causes. 


ANALYSIS OF THE LOSSES AND GAINS 


If the steam had worked ideally, be- 
tween the boiler-level cd and the back- 
temperature bf, it would have followed 
the cycle bcdf. This is the theoretic 
cycle which was computed in the earlier 
lectures. It is the departures from this 
outline which measure, by the areas dis- 
played, the several sorts and sources of 
loss. 

Starting at C, the first loss, due to wire- 
drawing during admission, is measured by 
the area between CD and the line cd 
just above. This particular loss is shown 
no more clearly in the entropy diagram 
than in the indicator diagram. 

The next loss, however, that due to 
condensation during admission, is not 
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visible at all in the indicator diagram. 
In Fig. 3 it is measured by the area be- 
neath Dd. This*area, carried down to 
the N axis, measures the heat thus lost. 
Carried down to the Of line it measures 
the loss of heat available for work. 

But condensation does not cease at the 
cut-off D. The departure of the expan- 
sion line to the left shows that. If the 
steam had worked ideally after cut-off 
it would have dropped down the adiabatic 
Dh. Instead, it departs to E, showing 
further abstraction of heat by the walls. 
The amount of heat thus abstracted is 
shown by the area DEk/. The amount 
of heat available for work thus lost is the 
area D Eth. 

By the time E is reached the steam 
has been cooled, by expansion, to the tem- 
perature of the rapidly warming walls. 
Condensation therefore ceases. The ex- 
pansion line temporarily becomes vertical, 
or adiabatic. 

But immediately thereafter the steam 
becomes further cooled by expansion, so 
that heat flow begins again; but now in 
the opposite direction. The walls contrib- 
ute heat to the steam. Entropy is gained. 
and the heat curve moves off to the right, 
to F. This shows the re-evaporation of 
the moisture already formed. The heat 
thus re-absorbed (previous to exhaust) is 
the area EF nk. The heat available for 
work thus gained is the area E F gi, 

But the engine could utilize this last- 
named gain only by adiabatic expansion 
down Fg. The volumes involved in this 
process, however, are so great as to be 
prohibitive in reciprocating engines, from 
the incidental cost and friction of so 
enormous a cylinder and piston as would 
be required, although they are practicable 
in turbines. At F, therefore, the piston 
is brought to rest, the exhaust valve 
opens and the heat is abstracted, at fairiy 
constant cylinder volume, along FG. As 
before, the heat thus abstracted is the 
area beneath FG down to the N axis. 
The heat available for work thus lost is 
the area between FG and gb. 

Along GA the back-pressure 
loss, which is displayed as well in the in 
dicator diagram as here. From A to C, 
however, occur the losses due to clearance 
and cushion, of which the indicator dia- 
gram gives no measure. This loss is due 
partly to heat interchange with the walls, 
and partly to the free expansion of the 
steam entering the partially filled clear- 
ance space. The diagram gives only the 
lump effect upon the heat available for 
work, in the two triangular lost areas, 


bAA’ and A’cC. 


occurs 


COMPOUND ENGINES 


In the case of compound engines, shouid 
the diagram of Fig. 3 represent the action 
in the high-pressure cylinder, the dia- 
grams for intermediate and low-pressure 
cylinders will fall into place below it 
without any further or special rules for 
the “combination” of the indicator dia- 
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grams. The only precaution to be sug- 
gested is that care be taken to use the 
correct weight of cylinder feed for the 
several cylinders. Very often jacket or 
receiver drips drain away a portion of the 
original cylinder feed which passed the 
throttle, before it reaches the lower cyi- 
inders. 

When the losses and gains of heat 
available for work incidental to the pas- 
sage of the cylinder feed through the 
several cylinders, receivers, etc., have all 
been measured, they should be neatly 
tabulated as percentages of the area bcd f. 
The area within the cycle diagram, stated 
as such a percentage, gives the cylinder 
efficiency, or “diagram factor” as it is 
sometimes called—the efficiency with which 
the cylinder performs the task allotted 
to it. The several areas which separate 
the diagram ABCDEFG from the 
theoretic outline bcedf show the how 
and the why the cylinder efficiency is what 
it is. 

The cylinder efficiency may be deter- 
mined, it should be remarked, without the 
lebor of an entropy analysis. The deter- 
mination of the indicated power and the 
gross cylinder feed per hour, together 
with a computation of the outline bcdf 
as described in previous articles, is all 
that is necessary. Dividing the indicated 
energy, in B.t.u. per pound of cylinder 
feed, by the theoretic energy of the same, 
gives the cylinder efficiency. It is the 
understanding of how and why this value 
is exhibited by the engine which is the 
fruit of an entropy analysis. 

Until quite recently it has not been 
considered necessary, in reporting engine 
tests, to even state the cylinder efficiency. 
As recently as within six years the wri- 
ter’s suggestion to those officially respon- 
sible for the standardizing of such mat- 
ters that this factor should receive a 
prominent place in every engine-test re- 
port, met with no acknowledgment. Be- 
fore then it was considered sufficient to 
state the “steam used per horse-power- 
hour” and the “thermodynamic efficiency” 
—both of which lug in the entire boiler 
plant and condensing aparatus to share 
with and confuse the responsibility rest- 
ing upon the engine cylinder. No ade- 
quate attempt was made to determin 
from the data at hand the exact efficiency 
of the cylinder itself. Today the import- 
ance of stating the cylinder efficiency is 
well recognized. -Yet the equal import- 
ance of so using the data, usually secured 
-at the cost of great labor, as to exhibit 
the reasons for the value of ‘cylinder effi- 
ciency reported, is not yet as generally 
admitted as it should be. 

The entropy analysis gives the engineer 
a clearness of comprehension of the gen- 
eral and detailed processes occurring 
within his* engine cylinder which can be 
obtained by no other means. Every en- 
gineer should have made at least one of 
these analyses. The cost involved is b:ut 
a few hours of desk work. 
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Catechism of Electricity— 
XXXIII 





Other forms of sleeve connectors are 
illustrated in Fig. 165. The holes in these 























FIG. 165 
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sg8. How should a V-connection be 
made ? 

A V-connection is shown in Fig. 167. 
It consists of a base c of copper or brass, 
to which is screwed a brass clamp d by 
means of the screws e, etc. A bend in 
the clamp and a groove in the base to- 
gether form a rectangular opening into 
which the wire is inserted. The electrical 
contact is not good, but this type of con 
nector is often used on account of the 
ease with which a wire may be removed 
or replaced. 

599. What other forms of switchboard 
connections are used? 

The connections illustrated in Fig. 168 
are sometimes employed. Referring to 
the left end of this figure, the wire b is 
bent around under the head of the bolt 
c, a good connection if the end of the 
wire is flattened enough to allow of con- 
tact with all of one side of the washer 
n. The wire should be bent around the 
bolt in a right-hand direction so that 

















FIG. 166. 
connectors are not slotted, ‘but each is 
bored to fit a particular size of wire. A 
wire is inserted in each end and _ the 
two pushed toward each other until they 
meet at the center of the connector, when 
they are made fast by means of the set- 
screws on top. The connectors vary in 
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SLEEVE CONNECTORS FOR LARGE-SIZED WIRES 


when the bolt is screwed in the washer, 
if it turns, will draw the wire in toward 
the bolt rather than force it outward. 

A much better connection is obtained 
if, instead of passing the bolt through a 
turn in the wire, a lug e is first soldered 
to the wire d and then bolted to the base 
a. The hole in the lug should be about 
the same size as the wire or cable wit! 
which connection is made. 

A method of connecting a rod g to a 
bar a is also shown in Fig. 168. If th 
hole in the bar is smooth and the rod sim 
ply has a shoulder on the under side of 
the bar and a nut on top, the connection 


will not be good. It may be improved 




















FIG, 168. ADDITIONAL FORMS OF CONNECTIONS 


diameter and length, 
of wire. 


according to the sizes 


For the larger wires the set-screws are 
made so they can be .tightened with a 
wrench, connectors of this type being 
shown in Fig. 166. 


somewhat by providing the rod with t 
nuts, i and h, as illustrated. The prope! 
way, however, is to thread the hole '! 
the bar and screw the rod in; then wh 
the nuts are put on tightly a good c 
nection is secured. 
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Requisites of Practical Roller Bearings—ll 


Constructive Features Which Insure Serviceability; What to 


Avoid; Roller 


Cages; Peculiarities of 


Tapered 


Rollers 





BY J. 


It may be well to say a word as to 
the necessity for accuracy in the body of 
the roller, whatever type is used. It was 
found, in the article on roller bearings 
which was published in the December 
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number, that slewing of the rollers was 
to be expected from the single cause of 
variation in load over the length of a 
roller, aside from any inaccuracy of form. 
But this does not, of course, lessen the 
necessity for the attainment of accuracy. 
lirst, each roller must be, within very 
small deviations, a perfect cylinder or a 
perfect right cone. That is to say, every 
transverse section must be a circle, all 
diameters must be alike, and, further, 
every line of contact between roller and 
raceways must be perfectly straight. 
Naturally, these requirements cannot be 
perfectly met; but it is essential that they 
be closely approximated. This first re- 
quirement that the roller shall be approxi- 
mately a perfect cylinder or right cone 
is necessary because any failure here 
would result in a breaking up of speed 
coordinations, resulting in a tendency to 
Siew or in the introduction of tremors and 
jars. Second, there must be uniformity 
among the rollers in a row. A moment’s 
consideration will show that merely a row 
of rollers, each of which is a perfect in- 


dividual, is not sufficient; they. must be 
alike. 


ROLLER CAGES 


here is little likelihood that it will 
ever be possible to dispense with the rol- 
ler cage, for upon this device, whatever 
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may be its form, and the co-adaptation 
between itself and the rollers depends in 
a very great measure the success of the 
bearing. At present, as far as the writer 
it would be absurd to omit the 


can see, 




















FIG. 9 


cage, for in what other way is the pre- 
vention of slewing possible? The cor- 
rective influence of the co-acting race- 
ways appears to be entirely too slight to 
meet the conditions involved. 

Assuming, then, the vital necessity of 
the cage, we lay down the proposition that 
the cage must be capable, of itself and 
without any cooperation of the rollers, of 





maintaining its correct position relatively 
to the shaft. It must not depend upon 
the rollers for assistance in this matter. 
It is the cage that must take care of the 
rollers, whether directly or indirectly. In 
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the course of progress, it may become 
possible to establish some sort of codpera 
tion between the rollers and the 
whereby the rollers can be depended on 
to assist in maintaining the alinement of 
the cage. Up to the present, however, the 
writer ventures the opinion that no one 
has shown how to do this under actual- 
service conditions. It becomes of the 
utmost importance, then, that whatever 
variations in design are adopted this 
feature of self-maintenance of alinement 


shall be preserved. 


cage, 


Roller cages conform to the types 
of roller used — to a_ great extent, 
at least. The usual form for the 


of two bands 
connected by long rivets which lie be- 
tween the rollers. This cage must, apart 
from the rollers, be guided sufficiently to 
maintain its axis parallel to or in coin- 
cidence with the axis of the shaft. This 
may be done in either of two ways, or in 


journaled roller consists 


cases of the most exacting service in both 
ways simultaneously. 
may be 


Transverse guides 
used, as in Fig. 8, in which it 
will be seen that the direction of the axis 
is controlled by the guides BB. In the 
figure the cage is resting on the upper 
part of the inner-bearing sleeve, while 
the lower part of the cage clears the 
under part of the sleeve. When in opera- 
tion, therefore, the only variation pos- 
sible is in a vertical direction, but this is 
such as always to maintain axial parallel- 
ism. Again, the cage may be guided by 
means of longitudinal control, as in Fig. 
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9. Here the end bands CC of the cage 
fit snugly the inner-bearing sleeve and the 
alinement of the cage is thus maintained. 
The only appreciable variation is back and 
forth longitudinally. The construction 
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shown in Fig. 8 may be followed in secur- 
ing alinement of the cage by the double 
method of transverse and _ longitudinal 
control, by simply fitting the end bands 
snugly to the inner-bearing sleeve. Fig. 10 
is an end view of the construction shown 
in Figs. 8 and 9; here aa are rivet ends, 
alternating with paired journaled rollers. 
As to the cage as a whole, it should be 
made quite stout and strong, so as to 
resist considerable torsional strains due to 
any slewing tendency on the part of the 
ittiie.,” 
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FIG. 12 

rollers. If the service is to be exacting, 
the bands should be heavy and the rivets 
stout and of material especially suitable 
for riveting. 

What has been said as to the cage for 
journaled rollers applies similarly to the 
style in common use for pierced rollers. 
The rivets and the rods upon which the 
rollers turn are identical. Figs. 8 and 9 
represent equally well this style of cage. 
The transverse appearance of one of the 
bands is, however, different from that 
shown in Fig. 10, as may be seen by re- 
ferring to Fig. 11, where nothing but rivet 
ends appear. 

The cage for the plain bearing designed 
to lie between guiding fingers may be 
made somewhat after the style of those 
just described. That is to say, the guid- 
ing bars or fingers may be rivets joining 
‘ the end bands together. But as the rol- 
lers are not to be mounted on these fin- 
gers, nor journaled into the end bands, 
the process of riveting may be dispensed 
with. A casting of tough material, fin- 
ished by machining, may be used, thus 
simplifying the manufacture and at the 
same time securing greater rigidity of the 
cage as a whole. Such a cage is repre- 








FIG. 14 


sented in Fig. 12. The rollers lie with 
some freedom in the longitudinal open- 
ings. The control of the alinement of 
this cage may be secured by the methods 
already described. If the rollers are not 
long, or the torsional possibilities are not 
great, one of the end bands may be 
omitted, giving the form shown in Fig. 
13. All the forms shown so far are repre- 
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sented as used with straight rollers. In 
the case of tapered rollers certain modifi- 
cations may become necessary in order to 
permit the use of means to receive the 
individual end thrusts of the rollers. 

Before leaving the subject of roller 
cages, it may be well to treat of a modifi- 
cation which may, perhaps, be introduced 
into every type of cage. It sometimes be- 
comes advisable or convenient to split a 
cage longitudinally. The question of the 
maintenance of its alinement comes im- 











FIG. 13 


mediately to the front. If the halves are 
reunited after assembling the bearing, 
the cage becomes of the old form. If it 
is not desired to do this, the method of 
longitudinal control will be sufficient if 
both the inner and outer raceways simul- 
taneously participate in this control; for, 
obviously the inner-bearing sleeve is now 
not sufficient alone. If the radial thick- 
ness of the end bands are adjusted so as 
to fit closely both the inner and outer 
raceways, but not closely enough to make 
the cage a participator in the load, then 
the cage may be split longitudinally into 
two or more parts. If transverse control 
alone is relied on, splitting would seem 
to be a doubtful procedure. 


PECULIARITIES OF TAPERED ROLLER 
BEARINGS 


There are peculiarities incident to the 
scientific construction of any variety of 
tapered roller bearing which will have to 
be considered. The first question con- 
cerns the relationship of the outer- and 
inner-bearing surfaces. It is not sufficient 
that these surfaces should so taper that the 
rollers will evenly fit. A further condition 
is necessary, and to make this clear, it 
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FIG. 15 


will be needful to consider* some conse- 
quences of certain mathematical principles. 

When a circle rolls along a line this 
circle may be viewed as possessing two 
motions. In the first place, it is rotating 
about its center. That is to say, if one 
takes up his position at the center, all 
other points of the circle are turning about 
him just as surely as they would be do- 





January 28, 1908. 





ing if the center were absolutely fixed and 
the circle were rotating about it. A little 
consideration should convince of this. 
Then, in addition to this rotation relative- 
ly to the center, there is the forward mo- 
tion of the center itself. A familiar illus- 
tration is the case of the wagon wheel. 
To a fly on the axle, the wheel is rotat- 
ing. In addition, the axle itself is ad- 
vancing in a straight line. 

The motion of every point of the circle 
(whether on the circumference or not) is 
a compound of the rotation and the for- 
ward movement. Thus in Fig. 14, the 
point P, relatively to the center O (i.e., 
considering O as having no motion), is 
moving in the direction PA. But the 
whole circle, including, of course, the 
point P, is moving forward in the direc- 
tion OM or PB. ‘The true motion of P, 
resulting from this combination, is in an 
intermediate direction PC. At the lowest 
point P’, Fig. 15, the rotation is in the di- 
rection P’A, and the forward motion 
(parallel, of course, to OM) in the di- 
rection P’ B. They thus operate against 
each other, and if the velocities are the 
same—and only if they are the same—we 
shall have absolute cessation of motion for 
P’. That there is absolute cessation of 
motion is known from the fact that the 
circle rolls and does not slide. We thus 
arrive at the conclusion that the velocity 
of rotation of a point on the circumfer- 
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ence is exactly equal to the velocity of 
the forward motion. At the highest point 
P”, Fig. 16, the rotation and the forward 
motion are in the same direction. As they 
are equal, we have the result that the 
point P” is moving at exactly twice the 
velocity of the forward motion. That is 
to say, the highest point is moving for- 
ward at twice the velocity of the center. 
The whole of this argument would be the 
same if the circle were rolled on a curve 
instead of a straight line. Further, the 
argument would be unchanged if the 
circle were rolled on a curve, but with the 
circle in a different plane. 

Suppose, now, the circle to be driven 
by a line (whether a curve or not) 
contacting at the highest point. If there 
is pure rolling here, the velocity of the 
driving curve at the point of contact will 
be precisely the same as that of the high- 
est point. The important consequence of 
all this is that the center of a driven 
circle is advancing at one-half the velo- 
city of the driving curve. 

(Concluded on page 172.) 
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Practical Letters 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 
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from Practical Men 





Piping a Steam Pump and 
an Injector 








D. K.’s remarks on the above subject, 
on page 778 of the November number, ap- 
pear to be in order, except that there are 
a few points which do not agree with his 
sketch. The job would be considerably 
improved if carried out on lines shown in 
the accompanying Fig. 1. 

In the first place, it is not at all clear 
how D. K. would_proceed to erect the pip- 
ing he shows, as apparently no flanges or 
running joints are included in the connec- 
tions. Of the two methods there can be 
no question but that flange couplings 
would make by far the more satisfactory 
job. 
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lig, 2 is a copy of D. K.’s sketch, with 
the addition of the alterations shown in 
lig. 1, marked so as to make them more 
easily discerned. There is nothing to in- 
dicate why the peculiar-shaped T piece 
in the delivery to boiler is employed. A 
standard screwed T piece might be used. 
The connecting four pieces at B should be 
made of wrought iron and in one piece, as 
shown in Fig. 1. 
th 





The pipes running from 
valve on the bottom leg of the afore- 
mentioned T piece should also consist of 
one wrought-iron bend, as shown, with a 
ge connection to the valve. 

‘ther essentials to enable the job to be 
ted or dismantled easily are clearly 
vn in Fig. 1 and are self-explanatory. 

W. VINCENT TREEBY. 

‘Vest Hartlepool, Eng. 
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Warming an Engine 





For how long should the starting valve 
of a steam engine be eased from its seat, 
to allow steam to pass to warm the cylin- 
ders, etc., before starting up? I have 
asked this question a few times, in one 
shape or another, during the past year. 

I had a bit of a flare-up with our 
chief engineer on this very point. We 
have two engines that work alternately. 
From about 5 p.m. on Sunday to about 7 
p.m. on Saturday one or the other of 
these engines is running. One is a little, 
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or more. As soon as he thinks of it 
after his arrival in the morning, Minnabs 
eases the starting valve from its seat and 
allows steam to blow through until noon. 
We firemen determined to protest against 
this; but before doing so we sought to 
be quite sure that we were right in as- 
suming it to be open. One of my mates 
had his opportunity when the chief and 
Minnabs had their hands fast busy on a 
job in the fire room. He found it open— 
he closed it. The following week my turn 
came. On Tuesday Minnabs opened it at 
7:15; at 8 I tried it when Minnabs was 
out of sight; it was open right enough. I 
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high-speed engine we call “Browett,’ closed it. At 10:15 it was re-opened. Next 


after the maker, or simply, “the little en- 
gine,” which is direct-coupled to a six- 
pole dynamo, and the other is “the big en- 
gine,” a 16 and 25% by 18 vertical type, 
that drives machinery and is belted to 
three bipolar dynamos. The big engine 
runs from noon till 6 p.m., in winter, 
7 p.m. in summer. “Browett” does the 
rest. 

Seven of us work this plant, three fire- 
men (eight hours each), three enginemen 
(eight hours each), and the chief, who 
does day work. The three enginemen 
are brothers. One of them, Minnabs, 
greatly favored, is allowed the shift from 
6 a.m. to 2 p.m. Why the favor? He 
cannot be depended on for night work, al- 
though he has been on his job ten years 





day, Wednesday, it open at 7:50. 
About 10 the chief comes into the boiler 
room. I begin to ask questions. What size 
of a valve is that stop-valve on the big 
engine? Six-inch. How long does it take 
to warm that engine up? From four to 
five hours. Then he suddenly turned on 
me and began to trounce me for the do- 
ings of my mate, and of firemen in gen- 
eral. I stuck out. We had a heated “dis- 
cussion” lasting some minutes. I could 
see no fun when we have difficult work to 
steam, and only one boiler to do it, to 
know that steam is being needlessly blown 
away for hours at a time. 

After our “debate” he comes to me and 
says: “What goes through that engine 
is practically nothing.” I remembered that 


was 
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the exhaust of both engines are run into 
one pipe line and that the branch from 
each engine is usually left open, so I 
asked: “What about the exhaust from 
the other engine?” “No exhaust can 
get back on it; it is only when in certain 
positions that the steam can get into it,” 
was the reply. I have been greatly inter- 
ested in that stop-valve ever since. I 
ask no questions about it. I have never 
seen the inside of it. -f'rom outward ap- 
pearance it is simply a six-inch globe 
What iift was given to the valve 
by Minnabs and whether the exhaust did 
or did not get into the cylinders, I meant 
to find out for myself. 

When getting up steam on Sundays the 
fireman is left to himself. The Sunday 
after the “flare-up” is my turn. After 
lighting the fires I proceed to get my par- 
ticulars. The valve is upright. The spin- 
dle is threaded four per inch. I knew 
the spindle did not turn—it moves straight 
up and down, The threaded spindle passes 
through the threaded center of a gear- 
wheel having 44 teeth. The rotation of 
this wheel raises or lowers the spindle. 
This wheel is worked by a pinion having 
25 teeth. The pinion is keyed on the 
upper end of a spindle which is, workable 
by a hand-wheel from the floor. While 
taking my figures—I did not disturb the 
valve—I incidentally put my hand on the 
high-pressure steam chest, but I quickly 
withdrew—it was hot. I tried the valve— 
it was closed. I felt the drain pipcs. 
There are four separate drains, one each 
to the steam chests and one on each cylin- 
der bottom. The high-pressure steam- 
chest drain was hot. The high-pressure 
cylinder drain was warm. I looked at the 
gage—no pressure. I had only just lit 
the fires. I thought, if steam will blow 
through before there is any pressure on 
the gage, how will it blow with 120 pounds 
behind it? When I had got a few pounds 
pressure I went again to examine. Every- 
thing was hot. Every Sunday that I’ve 
been on since then I have gone to that 
valve to listen to the steam blowing 
through. Whether I ought to point this 
out or not, T don’t know. I had been 
told we had no business round there at 
all. 

The threads on the valve-spindle are 
well worn and probably those in the 
wheel are also. To take in this slack 
requires almost exactly one round turn of 
the handle. That means that there 
25/44 of \%, or practicallly 1/7 of an inch 
of wear. When about to open the valve, 
after taking in this round turn, the female 
thread in the gear-wheel begins to press 
upward against the male thread of the 
spindle. Added to this is the steam pres- 
sure under the valve disk. There is noth- 
ing but the packing in the stuffing-box 
to hold the spindle down. If the pack- 
ing is good and has a good grip, well 
and good, but packing wears quickly. The 
distance Minnabs turns his handle after 
taking in slack is not always the same, 
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but I have reckoned 1/10 to %. One- 
tenth of a turn means 1/70 of an inch of 
lift. The periphery of the valve opening 
will be 18.84 inches. If the pressure un- 
der the valve takes any advantage of the 
1/7 of an inch of spindle wear, it will 
mean much more. I once took note 
for a few consecutive days of the time 
he begins to warm up: Tuesday at 7:30; 
Wednesday, 7:10; Thursday, before 7; 
Friday, 7; Saturday, I began to think he 
had forgotten it, but at 5 minutes past 8 
I caught him in the actual act of opening 
it.. As for the exhaust of the little en- 
gine, on opening the low-pressure indica- 
tor cock I get steam, sometimes rapid, 
regular puffs, sometimes a steady blow. 

A LANCASHIRE Lap. 

Manchester, Eng. 
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Cast-iron Lugs 


The accompanying table of dimensions 
for cast iron lugs was computed after 
several experiences with breaking the lugs 
and ruining valuable castings. The idea 
is that if some sudden strain exerts pres- 
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A fiber strain of 3000 pounds is as- 
sumed for the lug and 15,000 pounds for 
the bolt, and the lug is considered as a 
lever fixed at one end and loaded on a 
line through the center of the bolt hole. 
Referring to the sketch, A is wide enough 
for a square nut and C is greater than 4 
A, in order to allow for a fillet. 

From Anglin we have: 


Wi= pee ’ 
where f= 3000 pounds strain and W= 
the load due to the strain on the bolt o1 
15,000 pounds per square inch. The value: 
A and B are determined by the dimension 
of the nut and bolt, and so we have 
and b. The only value to be determined 
by the formula is d, the thickness of th 
lug. 

BL, B. 

Urbana, Ill. 





Pitting of a Commutator 


An eight-pole direct-current generato: 
having eight groups of brushes sparke« 









































sure enough on the bolt and lug to badly because of chattering by the brushes 
break something, it would be better for After running awhile, the commutator 
the bolt to give way than for the lug. It showed pitting at regular intervals of 
will generally be found quicker and about four inches, the pitting extending in 
cheaper to replace the bolt than the en- a straight line across the face of the con 
tire casting. mutator. The commutator is about five 
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feet in diameter. Can anyone explain the 
manner of pitting? Why should the 
streaks of pitting be so regularly spaced? 
WILLIAM WESTERFIELD. 
Burlington, Iowa. 





“How to Tell whether a Boiler 


Has Been Blown Down” 


There were several ingenious sugges- 
tions in the December number in answer 
to this question, but they are all open to 
the very serious objection of not being 
“scale-proof,’ and in the course of time 
the apparatus would probably become 
choked and unreliable. As a remedy for 
this I woutd suggest the following ar- 
rangement: Take a strip of brass and a 
strip of iron, each about 12 inches long 
by % inch wide and 1/16 inch thick, sweat 
them together; solder a small piece of 
german silver, or, better still, platinum, 
to one end and a piece of ordinary elec- 
tric-bell wire near the other end; then 
clamp the strip to some convenient part 
of the blow-off pipe, as at A, Fig. 1. Next 
make the clamp B, with a red fiber or 
hard-rubber bushing in the top, and a 
brass nut through which the brass adjust- 
ing screw C is screwed. To this brass nut 
another piece of bell wire should be sol- 
dered and a piece of german silver or 
platinum soldered to the end of the ad- 
justing screw, as shown. The clamp B 
should then be clamped to the blow-off 
pipe and the adjusting screw set so that 


Cc 









POWER 





After being sure that everything is 
working satisfactorily, it would be advis- 
able to place an asbestos-lined box around 
the device and: the blow-off pipe, with a 
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keep out the dust and dirt, as well as to 
prevent anyone from tampering with it. 
The wires should be brought outside 
through two small holes in the end of 
the box. This arrangement will auto- 
matically close an electric contact all the 
time the boiler is being blown off, and if 
properly adjusted, it will open the circuit 
very shortly after the blow-off is closed, 
for the temperature drops very rapidly 
for the first 100 degrees; and it has the 
great advantage that scale, iron rust or 
mud cannot possibly affect it or destroy 
its usefulness. 


If there is a time-clock 
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Wateliman’s 


FIG. 


the two german-silver or platinum con- 
tacts are in line; then adjust the screw 
* so that while blowing off, the heat will 
ause the combination strip A to slightly 
urve, owing to the difference in expan- 
sion between iron and brass, and close the 
‘ontacts between A and C. 


Clock 
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operated by batteries, as is the usual prac- 
tice, then it is only necessary to connect 
these two wires to one of the stations, 
preferably the outer one on the paper 
disk, and file the punching pin to a knife- 
edge, so it will easily slit the paper disk; 
in this case the slit will indicate the hour 
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and minute every time the blow-off is 
operated, as well as the length of time it 
is blown off. If a watchman’s clock or 
device is not available, then | 
would suggest connecting up with a com 
mon electric bell through two or three 
batteries and the adjusting 
screws on the bell just enough so that 
the armature will snap to, but not vibrate; 
then remove the bell and attach a short 
piece of thread to the armature and lead 
it to the small valve connected to the end 
of a gage glass, arranged as shown in Fig. 
2, which would be drawn open when the 
armature on the bell snapped to, 
would allow the water to escape as long 
as the circuit was closed. 


similar 
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With a little experimenting the gage 
could be marked off into divisions, each 
one of which could represent minutes, or 
possibly inches of water blown down, and 
thus a close approximation of the time 
the blow-off was open, or the amount 
blown off, could be obtained. 

Georce P. Pearce. 

Exeter, N. H. 





A Problem in Generator Connec- 
tions 


When installing electrical apparatus in 
a testing room, it was found that only 
two direct-current generators could b: 
These machines were exactly alik« 
It was required that the machines be in 


used. 


stalled so as to give the following com 
binations : 

1. That either machine might be con 
nected to the bus-bars independently of 
the other, and the field winding of one 
machine to be connected on what is 
known as the “short-shunt” plan and that 
of the other machine on the “long-shunt” 
plan. 

2. That the two machines might be 
operated in parallel with an equalizer con- 


nection between them. 


3. That both machines might operate 
on a three-wire system with the shunt 
field windings in series, connected “short- 
shunt,” the current in them to be regu- 
lated by means of one rheostat, the other 
being cut out of service. 

4. That one machine might be oper- 
ated with its rheostat entirely cut out. 

5. That the two main bus-bars should 
always have the same polarity regardless 
of the method of operating the generators, 
and that either machine when used inde- 
pendently might be connected either to 
the main bus-bars, or to one main bus-bar 
and the neutral bus-bar. 

6. That both machines might be oper- 
ated at the same time with one supply- 
ing energy to the two main bus-bars 
while the other is supplying current to 
the one main bus-bar and the neutral bus- 
bar; again, that the connections between 
the bus-bars and generators might be 
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changed so that either machine would 
supply the neutral as stated above. 

7. That both machines might be en- 
tirely disconnected from the bus-bars and 
each other. 

Each machine is compound-wound, and 
the problem is to make all the specified 
connections with as few switches as pos- 
sible, the total number not to exceed the 
equivalent of a triple-pole and a double- 
pole switch, or one single- and two 
double - pole switches. Double - throw 
switches may be used if desired. 

E. S. LIncoin. 

Boston, Mass. 





How to Prevent Loose Piston- 
rods 





I have seen considerable discussion in 
papers recently on the best way of pre- 
venting, or detecting, the slacking up of 
piston-rods which screw into the cross- 
head. My method is to cut a groove in 
the crosshead, at right angles to the axis 
of the rod, across the surface upon which 
the nut bears, and another groove across 
the face of nut, as shown in Fig. 1. A 
washer of annealed copper is placed be- 
tween the nut and crosshead and the nut 
is set up fairly hard. The copper is com- 
pressed where the surfaces bear, but pro- 
jects into the grooves where there is no 
compression sufficiently to form a slight 
ridge, or lug, which prevents the nut from 
slacking back. The copper need not be 
over 1/16 inch thick and will offer suffi- 
cient resistance to further compression to 
safely carry the load, even if there is some 
slack in the threads. 

It will be seen in Fig. 2 that if there 
is much slack in the threads the nut, when 
tightened, will draw the rod out of the 
crosshead until the surfaces marked a in 
the crosshead and 6 in the nut come to- 
gether, and it will also be seen that in 
case the threads are very loose all the 
load on the outward stroke will be car- 
ried by the nut, while on the inward 
stroke the load will come on the threads 
in the crosshead. For that reason I would 
not use a washer over % inch thick, to 
avoid the chance of the copper being com- 
pressed by the load on the nut, due to the 
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held simply by the friction of the thread 
surfaces ab, Fig. 2, but if the nut is 
jammed fairly hard and kept from mov- 
ing, the rod should stay there. 

The soft-copper ring is used, to some 
extent, under the heads of follower bolts, 
in which case the under side of the bolt 
head is faced off straight, that is, the 
corners are not chamfered and the bear- 
ing for the bolt head on the follower is 
simply roughed off in machining. When 
the bolt is set up, the corners of the bolt 
head dig into the copper and the pres- 
sure of the bolt head forces the copper 
into the tool marks,on the follower, thus 
holding the bolt securely. 

I have had charge of several engines 
having follower bolts so fitted and never 
saw a bolt slack up. The copper becomes 
hard after several times using, of course, 
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and will have to be annealed or renewed. 

I have thought it would be a good plan 
in building an engine to recess the cross- 
head to a depth sufficient to allow the nut 
to enter far enough for a set-screw to 
take hold. The nut should be a fair fit 
in the recess and have a groove cut 
around the circumference for the set- 
screw, so that any bur raised by the point 
of the set-screw would not interfere with 
removing the nut (Fig. 3). Most en- 
gines now in use could not be so fitted, 
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steam, and so allowing the rod to turn 
back without the nut turning. 

Of course, there is always a possibility 
of the rod unscrewing, even though the 
‘nut is held from turning, as the rod is 


but in building an engine it would be a 
small matter to add enough metal to allow 
for recessing. 
A. T. Rowe. 
Brooklyn, N. Y. 
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Cleaning Oily Exhaust 





I have seen several inquiries as to a 
suggestion for getting oil out of the ex- 
haust. I would like to propose a method 
which will be more satisfactory than any 
so far mentioned. 

On board steamships, where the scant 
supply of feed-water compels the use of 
condensation and makes the oil problem 
a serious one, filtration by means of linen 
terry has been found to be most effec- 
tive and convenient for removing the oil, 
and this method has been adopted on 
warships of the American, British, Ger- 
man and other navies. 

The terry strains the feed-water as it 
passes from the feed-pump to the boiler 
and absorbs the oil, or effectively pre- 
vents it from passing. Practically no 
expense is incurred for maintaining such 
a filter, as the terry may be removed, 
cleaned and used over again many times. 

There are filters in which the terry 
cloth can be removed and renewed in 
about fifteen minutes, without shutting 
down the plant. Take, for instance, a 
well-known feed-water filter and grease 
extractor, in which the water is filtered 
through two layers of the terry. As the 
oil accumulates on the filtering material 
the resistance which it offers is shown 
by the difference of reading of two gages, 
one on each side. When this difference 
is more than I5 or 20 pounds, the filter 
can be by-passed by ‘turning a_hand- 
wheel and, upon opening, the dirty terry 
can be slipped off each cartridge, fresh 
material shipped into place, the filter 
closed and at work again in almost no time. 
You can then boil the foul cloth in water 
and soda to have it ready for use again. 

Rosert D. HEIN. 

Terre Haute, Ind. 





Etiquette in the Office 





The editorial on “Etiquette in the En- 
gine Room,” on page 639 of the Septem- 
ber number, was read with interest. I 
would like to read another on “Etiquette 
in the Office.’ The manners displayed 
by some managers and superintendents 
toward their engineers certainly are not 
what might be ‘expected from men in their 
positions. The writer knows of a plant 
where there have been seven different 
chief engineers in four years. This plant, 
together with two others owned by the 
same company, was directed from the 
office. Some of the “chiefs” were dis- 
charged, the others quit in disgust. One 
day the superintendent, who by the way 
was not a mechanic, visited the engine 
room in company with a stranger, who 
took measurements of the boiler fronts. 
When the chief stepped up to see what 
was going on, he was informed that the 
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company had contracted for mechanical 
stokers. Whether the stokers were of a 
type best adapted for.the plant apparently 
had not heen considered, nor had the 
chief’s opinion been sought. Yet he 
would be held responsible for their ef- 
ficiency. Now was that right? 

In the same way certain heating at- 
tachments were procured, which not only 
proved worthless but actually dangerous. 
Then, instead of listening to the chief, 
who had objected to the arrangement 
from the start, the management sent an 
engineer who had charge of a smaller 
plant to make alterations according to 
the manager’s own ideas. 

Whenever the “office” suspected that 
an engineer was getting disgusted with 
things, or if they had another man whom 
they thought would do better, they would 
put this man into the plant in some minor 
position, and as soon as he had familiar- 
ized himself with the lay-out, the engineer- 
in-charge would be discharged, often with- 
out notice. 

There may not be many places as bad 
as this, still a little “etiquette” in every 
office would be a good thing all around. 

ENGINEER. 

Chicago, IIl. 





Classified Licenses 


As behooves an engineer working at the 
trade, I have always taken a great in- 
terest in license legislation, but I have 
come to the conclusion that the labor of 
securing such legislation has always de- 
volved on the engineer, while the benefits 
which arise from the law are appropriated 
by the officials who are created by the 
law, and the employer who reaps the 
benefits of the increased efficiency of the 
engineer, but who rarely recognizes the 
same by increasing his salary. 

The legitimate purpose of a license law 
is to protect life and property and not to 
discriminate between or abrogate the 
rights and privileges of citizens. 

lhe first-class license affords little to 
discuss, as it leaves its holder free to 
earn his living by having charge of any- 
thing from a low-pressure heating boiler 
to the largest plants within the limits of 
the State, although it is sometimes detri- 
mental to the second- or third-class man 
that an engineer holding a “first” should 
by choice or necessity have charge of a 
scecond- or third-class plant. This must 
be patiently borne by the “limited” man 
as he strives to attain his “first.” 

lhe second-class license is certainly in- 
teresting in the interpretations of its limi- 
tations and privileges. As to having 
charge of a boiler or boilers, there is little 
to be said, as I think any person holding 

engineer’s license should certainly be 
‘ompetent to have charge of and_ operate 
boiler or boilers; yet, when a man hold- 

“ a second-class license, and who has 
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successfully had charge of a second-class 
plant for from one to ten years, appears 
for examination for a “first,” and at the 
close of the examination is informed by 
the examiner that his application is re- 
jected because he is not “up” on “boilers,” 
and yet the examiner allows him to retain 
his “second,” giving him the right to “have 
charge of and operate” any number of 
boilers, what a peculiar kind of “logic” 
they must use. The questions on boilers 
asked at a first-class examination have 
reached a point that certainly borders on 
the ridiculous, and would prove extremely 
difficult for most first-class engineers to 
solve, even with their textbooks at their 
elbows. No reference or note-books are 
allowed at the examination, which is, by 
wording of the law, to be “practical,” and 
I have often wondered why, if it is neces- 
sary for the engineer in the operation of 
his plant to have recourse to his reference 
books, an applicant should not have the 
same privilege in imparting information 
on the same subject at a “practical” ex- 
amination. 

As to the engine limit, there is to my 
mind but very little difference, as far as 
the “life and property” of the public are 
concerned, between a 150-horse-power en- 
gine and a 300- or 500-horse-power engine. 

About the only part of an engine that 
statistics show as being dangerous is the 
fly-wheel; but it is very surprising how 
much interest the examiner takes during 
an examination in the setting of valves 
and problems relating to volumes, expan- 
sions, indicator cards and the like, and 
how little interest is shown in the different 
safety appliances and governor adjust- 
inents. 

There have occurred several instances 
where a few more revolutions of a fly- 
wheel have taken the plant from the “sec- 
ond class” and put it in the “first,” and 
on one occasion an engineer who had suc- 
cessfully operated a plant with a second- 
class license was unable to pass the exam- 
ination required for a first-class license 
and lost his position on the installation 
of an engine of slightly larger bore and 
increased piston speed. 

I could cite a number of instances 
where the strict enforcement of the license 
law has brought unnecessary hardship to 
engineers from conditions that the makers 
of the law could not have foreseen, and 
which the inspectors have been extremely 
severe in enforcing the observance of. 

The “third-class” license, which allows 
its holder to have charge of a boiler or 
boilers not to exceed 125 horse-power is 
subject to most of the ills that we find in 
the “second.” One point is the location 
of many of the so-called third-class plants. 
As they are of comparatively small pro- 
portions they are often located in the part 
of a basement that the owner thinks is 


the least desirable for other purposes, and 
over the boiler there may be many hun- 
dred people at work unconscious of the 
fact that under them is located a force 
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that through ignorance or carelessness 
may send them to eternity; and yet this 
force is intrusted to the care of a man 
who, the law says, is only part of what an 
engineer should be. 

As to the engine limit again, it may be 
that the danger to the public safety is not 
us great from mismanagement of a 50- 
horse-power engine as of the larger and 
heavier engines, yet it seems to me that 
a man who is competent to have charge of 
a 50-horse-power engine should be compe- 
tent to have charge of a 55-horse-power 
engine; so where should we set the limit 
and not handicap the man endeavoring to 
earn his living? 

In summing up the subject of classing 
engineers, it would seem that a law licens 
ing an engineer to have charge of a par- 
ticular plant, combined with one class (the 
unlimited), would alleviate the evils 
stated; and having the examinations con- 
ducted more after the style of the United 
States Civil Service examination, thereby 
abridging some of the autocratic privileges 
of the examiners and allowing the exam- 
ination to speak for itself, rather than the 
personal opinion of the examiner, would 
place the engineer on a more equal basis 
with justice to all. 

LowELL. 

Boston, Mass. 





The Care of Commutators 


My mind has often been filled with 
wonder at the amount of rough usage an 
ordinary commutator will allow without 
actually breaking down, either mechani- 
cally or electrically. However, to attain 
the highest efficiency with the least spark- 
ing a certain amount of care is absolutely 
necessary in keeping this very important 
part of a generator in working trim. 
Much trouble and possible break-downs 
may be prevented by carefully observing 
the following simple rules: 

(1) See that the brushes are set dia 
metrically opposite, are of good quality, 
and press lightly upon the segments. 

(2) Have the commutator true and 
smooth, and give the brushes sufficient 
lead to run quietly with full load. 

(3) Never use oil on a commutator, 
but use a good compound and wipe it off, 
or most of it, with a soft cloth. 

(4) Use a file in smoothing up, and 
also in taking the glaze off the brushes. 

(5) See that the brush springs are of 
equal tension, and the brushes are stag- 
gered, that is, each succeeding brush to 
cover the space left between the two in 
front. 

Although taking little time, if these briet 
rules are adhered to, almost any machine 
will run more quietly and give better re- 
sults than if no particular attention were 
given it. 

SHEARER. 

Charlotte, N. C. 
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Effect of Long Pipe on Diagrams 





Comparing Fig. 5 with either of the 
other sets of diagrams herewith will show 
the effect of the long brass piping so often 
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gram in Fig. 5 was obtained. No obstruc- 
tion in the piping was noticed, but the 
head end was distorted much more than 
the crank end. The area of the crank end, 
Fig. 5,is 21 per cent.less than the mean 
area of this end for the afternoon run, 
and the mean area of the head end is 38 
per cent, greater than the mean area of 
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used, in connection with a three-way cock, 
to take two diagrams on the same c:rd. 
The diagrams are from an 18x48 Harris- 
Corliss engine running at 55 revolutions 
per minute. When we went to take the 
diagrams it was found that the engine 
was rigged with about five fect of half- 
inch brass pipe alongside the cylinder, but 
this was removed and two indicators were 
placed close to the cylinder, to take the 
diagrams shown in Figs. I, 2, 3 and 4. 
The governor was in a state of con- 
tinual oscillation and the diagrams show 
some very pretty parallel curves. Figs. 1 
and 2 were taken in the morning. The 
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About Rotary Converters 


For more than five years I have been 
in constant care of rotary converters of 
from 250 to 400 kilowatts capacity, and 
during that period I have learned a few 
things in connection with their operation 
that I have never seen laid down in print. 
While in some respects a rotary converter 
requires much the same care as a direct- 
current generator, there are differences in 
the characteristics of the two that re- 
quire some special care on the part of the 
rotary converter. 

Rotary converters are much more sensi 
tive than direct-current generators and 
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FIG. 2 


mean results of eight sets show that the 
head end contributed 18.85 horse-power to 
the total of 28.48 which was being de- 
veloped. During the noon hour the rod 
from the governor to the admission valve 
on the crank end was shortened, and the 
diagrams in Figs. 3 and 4 show a better 
division of work. The load in the after- 
noon was lighter than in the morning, be- 
ing 23.98 horse-power divided as_ fol- 











especially so in the smaller capacity, high 
er voltage machines. “Bucking” or flash- 
ing over from brush to brush is some 
times the source of much trouble. When 
not protected on the alternating-current 
side, by circuit-breakers, flashing over 
frequently causes considerable damage to 
the commutator, brushes and brush-hold- 
ers, to say nothing of the strains on the 
generators and engines incident to such 
occurrences. 

















FIG. 3 


lows: Crank end, 10.95; head end, 13.03; 
these results being the mean of eight sets 
of diagrams. 

After these diagrams were taken the 
brass piping was replaced and the dia- 





the afternoon. All this goes to show what 
inaccuracies may creep in when using the 
brass-pipe arrangement referred to. 


HERBERT L. SEWARD. 
New Haven, Conn. 





If rotary converters are run with too 
much forward brush lead, bucking is lia- 
ble to occur from most any disturbance 
on the systems, but one may take greater 
chances. on this if protected on the alter 
nating-current side by circuit-breakers. 

When bucking occurs the whole system, 
both alternating-current and direct-cur- 
rent, is short-circuited over the commuta 
tor between the brushes, and unless the 
protective devices work promptly the 
brushes, brush-holders and commutator 
will be badly damaged from burning. | 
have known instances where the brush- 
holders have been burned off and dropped 
into the pit below. Rotary converters are 
frequently bucked in synchronizing, un- 
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less the attendant is very careful to close 
the switch at the proper time. 

I find that if the brushes are shifted 
back several segments the converter is 
much less liable to flash over if the 
switch is closed at the wrong instant, i.e., 
if the machine is nearly but not quite in 
synchronism. Of course, if there is much 
difference in phase relation, there will be 
fireworks regardless of the position of the 
brushes. 

The voltage of the incoming converter 
should not be allowed to run too high. 
Most written instructions advise having 
the voltage of the incoming machine equal 
to that of the generators, but I have re- 
peatedly synchronized with the rotary 
converter voltage Io per cent. below that 
of the alternators, with the best of re- 
sults. In fact, bucking rarely occurs if 
the voltage of the rotary converter is be- 
low that of the alternator, and the brushes 
are back as previously stated. 

In synchronizing alternators the, voltage 
of the incoming machine should be ap- 
proximately that of the bus-bars, but with 
a rotary converter this is neither neces- 
sary nor, in my judgment, desirable. 

Another thing I have noticed is that 
flashing over is liable to occur if the 
brushes are suddenly shifted forward. Ro- 
tary converters have been knocked out of 
synchronism in this manner, therefore in 
moving the brushes up to the running po- 
sition after synchronizing, it is well to not 
be too hasty in the operation. 

Brushes which run tangentially to the 
commutator should not be allowed to 
wear down to a feather-edge at the tip, 
but should be slightly rounded up at the 
toe. This alone will sometimes stop 
sparking at the brushes. If the brush 
wears down to a feather-edge small par- 
ticles of carbon will be detached from the 
toe and be carried over the commutator, 
causing minute sparks, which will find 
lodgment under the next set of brushes 
ahead. _Giving brushes too much bearing 
surface from rear to front will cause 
sparking, also, which is another reason 
why brushes should be rounded off at the 
toe. Brushes which are set radially may 
well be slightly rounded at the front cor- 
ner, or tip, to prevent the flying of par- 
ticles of carbon mentioned. 

The chief characteristic of some com- 
mutators seems to be the developing of 
“fats” on the surface. Bucking may 
iuse it, but the trouble seems to be in- 
lerent in some instances. In such cases 
much good may be accomplished by boil- 
ing the brushes in vaseline or dynamo oil. 

/mmutators have been run for months, 

this method, without truing up, which 
vould have been necessary in two days 
ithout the treatment. After boiling, the 

ushes should not be removed from the 
il until practically cool, else the oil will 

't penetrate the brushes to any extent, 

will evaporate in cooling. Of course, 


they should be allowed to drain and be 
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wiped off (not with waste) before using. 
It is not always necessary to put on a 
complete set of oil-soaked brushes, as 
frequently one-half or one-fourth of the 
total number is sufficient. 

What I have written regarding syn- 
chronizing has reference to the Westing- 
house method, i.e., the use of an induc- 
tion motor for starting. 

In conclusion, I will say that no one can 
tell another just how to operate rotary 
converters. Two machines seldom have 
exactly the same characteristics, therefore 
the necessity of studying the characteris- 
tics of each machine and being governed 
accordingly. It requires an intelligent 
attention to details to make a successful 
operator. 

C. L. Greer. 

Handley, Tex. 





Engineering as Is Engineering 





Recently an engineer (?) convinced his 
employers that they needed a new engine, 
and he was given permission to specify 
the size of the cylinders. It was to be 
a compound condensing engine; the 
steam pressure to be 150 pounds. When 
the order went in, the ratio of cylinder 
was given as 6.2 to 1. The engineer got 
the engine all right, but he told some of 
his friends that the engine builders were 
certainly “a lot of old fogies,” for they 
had urged his employers to let them build 
the engine with a cylinder ratio of 4 to I. 

One time a chief engineer was asked 
how many pounds of water he evaporated 
per pound of coal. He said: “Eight and 
five-tenths pounds.” He was asked when 
he had made the test from which his 
figures were derived. He replied that no 
test had been made, as none was neces- 
sary. He simply found the area of the 
water cylinder of the feed-pump, multi- 
plied this by the travel of the piston for 
a given time, and reduced it to pounds 
of water. Then he weighed the amount 
of coal the fireman into the fur- 
nace during an hour, or half hour, as 
the case might be, divided one by the 
other, and, presto, the job was done. 

A company wanted an engine. A tan- 
dem compound non-condensing type was 
decided upon, and the contract was let. 
The engineer was finally advised what 
size of cylinders the builders proposed to 
use. He promptly got busy with his 
pencil and paper and soon the startling 
information was conveyed to the engine 
company that a 28-inch low-pressure cylin- 
der was not the proper size to use, as 
the receiver pressure would not be right 
with that ratio. Did the builders accept 
the engineer’s correction of their design? 
They did. Not only that, but their rep- 
resentative visited the engineer and patted 
him on the back, saying, “My people say 
that you are the most up-to-date man 


threw 
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they have run across.” The representa- 
tive also said that his company would be 
pleased to furnish three additional engines 
which were contemplated. 

The cylinder was changed from 28 to 
29 inches, and the builders sold the com- 
pany three additional engines. 

I suppose that when the high-pressure 
cylinder is bored out once a new low- 
pressure cylinder will be needed, in order 
to maintain the proper ratio and receiver 
pressure. 

IMPRIMATUR. 

Kansas City, Mo. 





Water Exchange Between Boilers 





Charles Haeusser’s experience as re- 
lated on page 873 of the December number 
of Power, recalls to my mind an experi- 
ence I had with two 80-horse-power hori- 
zontal tubular boilers last summer. 

One Sunday these two boilers were 
washed out; when refilled, fire was started 
under one boiler in order to raise 
steam to try the engine after making 
some repairs. After steam was up the 
engine was started. Shortly after a 
“rushing” sound set up in the boiler un- 
der which there was no fire. The engine 
was shut down at once, when looking at 
the steam and water gages it was found 
that the steam had fallen from 40 to 20 
pounds and the water from three gages 
to one. ‘Upon examining all the valves 
I found that my assistants had forgotten 
to close the valve on top of the boiler 
under which there was no fire. 

After thinking the matter over I came 
to the conclusion that air was the cause 
of this trouble, as my idea was that when 
one boiler was fired up and steam began 
to rise, there remained air in the other 
boiler, due to refilling the boilers with 
water; but no way of escape was open for 
this air and it in turn prevented the 
steam from the boiler under which there 
was fire going into the other boiler. 
After the engine was started this 
had an opening, the steam began to rush 
into the cold boiler, causing the “rushing” 
sound and drawing some of the 
water into the cold boiler. 

| think that air was the cause of Mr. 
Haeusser’s trouble also, because he says 
that the noise started after the valve 
was opened to blow the mud out of the 
water column. When this valve was 
opened the air escaped, when the steam 
from No. 2 boiler rushed into No. 1 
boiler, drawing water with it through 
the five-inch pipe. 

It is a better plan where there are two 
or more boilers on one line and it is 
necessary to keep up steam in one boiler 
to shut off all the others. 


air 


also 


H. J. 
Milwaukee, Wis. 
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The Cycle 


It would add much to the quality of en- 
gineering literature and facilitate the en- 
lightenment of the student if writers would 
be more careful in expressing themselves. 
The “cycle” of a heat engine is among 
the phenomena frequently obscured by 
hasty writers. We have seen three ex- 
planations of the gas-engine cycle, all of 
which were faulty and one ludicrously 
wrong. The term “one-stroke cycle” has 
been used by some writers with reference 
to piston engines, whereas there never 
was and never could be such a cycle; at 
least two strokes are necessary to com- 
plete any cycle in a piston engine. The 
terms “two-cycle” and “four-cycle” are 
merely slovenly contractions of “two- 
stroke-cycle’ and “four-stroke-cycle,” 
which serve to indicate the number of 
piston strokes required to complete one 
heat cycle. 

The cycle in electrical phraseology is 
not a heat cycle but a cycle of pressure 
variation in alternating-current working. 
It consists of two electrical impulses or 
waves of opposite polarity. When the 
electrical pressure has risen from zero to 
the maximum positive e.m.f., subsided to 
zero, reversed and risen. to maximum 
negative e.m.f., and again subsided to zero, 
one cycle has been completed. This cycle 
is repeated regularly and in rapid succes- 
sion, and the number of cycles per second 
is termed the “frequency” of the current, 
or the machine producing or receiving the 
current. Thus, a 60-cycle generator is one 
producing an alternating e.m.f. which “al- 
ternates” at the rate of sixty complete 
cycles per second; its “frequency” is 60 
cycles. 

It will usually help in untangling ob- 
scure references to cycles of any sort if 
the reader will remember that a cycle is a 
succession of events which, at its com- 
pletion, leaves all related conditions ex- 
actly as they were at its beginning. 





* The Future Gas Engine 


What will be the standard type of in- 
ternal-combustion engine twenty-five years 
hence? It is inconceivable that the four- 
stroke cycle, with its small utilization of 
one-half of the piston strokes, will be ac- 
cepted as the finality of development; the 
two-stroke cycle as now applied is equally 
unsatisfying from a broad viewpoint of 
energy transformation, for reasons that 
are familiar to all students of the question, 
and the enormous heat waste by the en- 
gine is a serious fault of both cycles. 
What sort of a cycle, then, will the ulti- 
mate internal-combustion engine follow? 


From a chiefly mechanical standpoint one 


is tempted to predict a sort of compromise 
between the present two-stroke practice 
and that developed in steam engineering. 
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The proposition to use a combustion 
chamber external to the engine, in which 
products of combustion are mixed with 
and tempered by steam, sounds attractive, 
but your thermodynamic investigator holds 
up his hands in horror at the idea of such 
a hybrid scheme, not to mention the dif- 
ficulties of its practical application. 

It has been pretty conclusively demon- 
strated that no matter what the working 
cycle may be, compression of the combus- 
tion-supporting air is indispensable to ef- 
ficient combustion; having gone thus far, 
it is logical to prescribe compression by 
means of a separate machine, in order that 
the engine mechanism may do only the 
class of work for which it is best adapted. 
Beyond this point there is practically no 
hint of the trend of future development. 
Combustion at constant pressure during a 
variable portion of the stroke and expan- 
sion during the remainder, as in part of 
the Diesel cycle, looks attractive, but the 
introduction of the charge into the cyl- 
inder involves several knotty problems. 

It will doubtless be several years be- 
fore any steps toward a fundamental 
change are taken, but that some radical 
departures from present practice are in- 
evitable there is no room for doubt. 





Engineers’ Licenses 


The grading of engineers’ licenses seems 
a little out of place in this day. The ob- 
ject of the laws is sometimes wondered 
at by those who have not been instru- 
mental in procuring their enactment. The 
ostensible object is to provide safe men 
for the operating of steam machinery. The 
real object seems to be on the one hand 
an attempt to limit the supply of engineers 
and thus increase the price of engineer 
service. On the other hand it looks like 
a scheme by which the engineer is made to 
pull chestnuts out of politics for a set of 
inspectors who make and break engineers 
(?) on any old occasion. 

A physician is examined by a committee 
of some sort and allowed to practice 
medicine. The kinds of disease which he 
may legally treat, or the size of a leg he 
may saw off, are not specified. A phar- 
macist is registered. It is not stated in 
the permission given him to distribute 
drugs that he shall only compound pre- 
scriptions containing vegetable poisons, 
while arsenic and calomel must be mixed 
by a man with a special license to poison. 
One set of attorneys of certain attainments 
are not required to confine their legal 
talent to divorce cases, while those of 
higher moral and literary standing are al- 
lowed to defend sneak thieves and high 
financiers. 

It would seem that an engineer is and 
must be an engineer, and if he knows 
about a little boiler he must know about a 


bigger one as well. The dear public have 
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a right to insist that those 
forces, expansion of steam and the cen- 
trifugal force of revolving fly-wheels, shall 
be handled only by a safe, sane and con- 


mysterious 


servative man. But the owner, the man 
who is most interested in having valuable 
machinery and coal piles well taken care 
of, is not considered as a factor. That he 
should be at all anxious to secure the 
highest grade of skill in the market has 
not been thought of. Some States and 
many cities have enacted license laws, 
more have not. Are the engineers who 
hold licenses any better “posted” or bet- 
ter paid than members of the same pro- 
fession who are unlicensed? 





For the Attention of the New 
York Postal Authorities 


A salesman once called upon an engi- 
neer to try and interest him in a new type 
of boiler. The salesman, as salesmen will, 
told of numerous satisfactory sales, with 
hosts of repeat orders, some of them even 
to the third or fourth instalment. Two or 
three testimonial letters were shown from 
large iron works which have long since 
become assets of the United States Steel 
Corporation. These letters were careful'y 
read by the engineer, letterhead and all, 
and what he saw was this: The president 
of the boiler-works company was presi- 
dent of one of the iron companies and 
general manager of the other. He had 
faith in the boiler, or in the gullibility of 
the average boiler buyer. 

The gullibility of the average buyer is 
something passing the understanding. 
“What you have to have they soak you 
for,” said a newsboy the other day, while 
reading the bill of fare outside a cheap 
restaurant; “but what you don’t need you 
can get at your own price.” 

The average buyer today has to have 
coal and he gets “soaked.” This soak- 
ing process makes him all the easier mark 
for the faker who has some coal-saving 
device or compound to vend. The latest 
concern in this line is the New York Ash 
“uel Company, at 400 Broadway, New 
York. Testimonial letters are printed from 
various satisfied victims, It is cited in one 
instance that twelve cans of the compound 
ran a thirty-horse-power engine six weeks. 
Thirty horse-power for three hundred and 
sixty hours. Ten thousand eight hundred 
horse-power-hours for fifteen dollars, with 
no smoke and no soot on the roof. A 
bushel of good cinders and twelve cans of 
\lonn Compound. 

Another user of the compound is not 

lite so mythical, for the engraved letter- 

id of a well-known manufacturing com- 

ny is used in sending 

mial and order across the street. It is 
ken for granted that the location of 
tks and office are well known to the 
llers, for no other addresses are given. 


a verbose testi- 
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In fact, the order is given in such a fa- 
miliar way as to arouse a suspicion that 
the orderer and the “orderee” are on the 
list of stockholders of both companies. 

Long and patient experiment has proved 
that human brains and coal mixed in 
proper proportions always produce the best 
furnace results. 





Corrosion of Condenser Tubes 


The pitting and corrosion of condenser 
tubes is so serious a matter and withal is 
so erratic and mysterious that any addi- 
tional information upon the subject will 
be heartily welcomed by the profession. 
Mr. Ughemann, of the Engineer Council 
of the German Navy, has been experi- 
menting upon the subject, with the result 
that he has discovered that an oxide of 
iron -deposited by a strong electrolytic 
action upon copper tubes immersed in a 
mass of sea-water is a very effective pro- 
tection against such corrosion. 

As an intense electrolytic action can be 
produced at only a short distance, the 
piece of copper or brass to be protected 
is enveloped by a wire or band of iron 
wound spirally around the piece. If a 
copper tube thus prepared be immersed in 
sea-water, there will be a copious disen- 
gagement of bubbles, and the liquid be- 
comes simultaneously of a reddish yel- 
low color by reason of the formation of 
oxide of iron at the expense of the iron. 

The copper soon becomes covered be- 
tween the spirals with iron, which soon 
becomes sufficiently adherent not to be 
swept off by a very rapid current of 
water, even after the removal of the iron 
spirals. The same deposit is produced, 
but more slowly, under the spirals them- 
selves. When all the surface of the cop- 
per is covered with a sufficiently thick 
coating, the attack of the iron seems to 
cease, and the piece can be removed. The 
copper can then remain indefinitely in the 
sea-water without alteration, provided the 
coating be maintained in its integrity. 
The same results were obtained with the 
alloys of copper. 

An experiment made with a _ copper 
tube coated with iron electrolytically de- 
posited showed that this coating of metal- 
lic iron dissolves entirely off in sea-water 
and affords no protection because the sur- 
face of the copper becomes rapidly ex- 
posed. Only the oxide of iron, as pro- 
duced by the process heretofore described, 
is protective, not the metallic iron itself. 

Chief Engineer B. F. Isherwood, United 
States Navy, who translates Mr. Ughe- 
mann’s paper for the Journal of the 
American Society of Naval Engineers, 
suggests that even if this process should 
not prove to be practicable itself on a 
commercial scale, it may be valuable as 
a stepping-stone to something that will 
be commercially successful. 
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Bilge-water, which is ordinary 
water mixed with putrescent vegetable 
matter, is the best of all removers of 
sea-water scale from boilers, but it will at 
the same time attack their material and 
the material of condenser tubes much 
more rapidly than will ordinary sea-water. 
This bilge-water is found not only in the 
holds of vessels, but about wharves near 
the outlets of sewers. It is said to be due 
to this pollution of the water of the East 
river that surface condensers are entirely 
impracticable in the large stations upon 
that side of New York City. Mr. Isher 
wood says that the higher the tempera- 
ture of the metal the more rapid is the 


sea- 


rate of corrosion, and ‘explains this as 
being due to the fact that the density of 
the metal decreases as its temperature in- 
creases, reducing the cohesive force, and 
its combination 


resistance to chemical 


with other substances. There appears to 


be, however, a_ critical temperature, 
around what is commonly referred to as 
“tepid” or “lukewarm,” at which the 
action upon iron tubes is more rapid than 
it is at a higher temperature. 

Coating the tubes with tin delays their 
corrosion as long as the tin lasts, but its 
durability is not great, and its very slight 
thickness on the tubes cannot be increased 
beyond what is obtained from the first 
dip. 

The corrosion of the condenser tubes 
is principally on their sea-water side, but 
their distilled-water also suffers 
much, the corroding agents being the 
atmospheric gases mingled with the steam. 
This corrosion is quite uniform compared 
with the corrosion on the sea-water side, 
and the resulting oxide and salts are car- 
ried into the boiler with the feed-water 
and produce an injurious effect upon the 
iron. 

In the case of horizontal condenser 
tubes, there will often be found a partial 
coating, on their upper sides, of baked 
mud, sometimes as hard as brick. This 
is mud deposited by gravity from the sea- 
water on the upper outer side of the tubes 
when the sea-water surrounds the tubes, 
and on the inner lower side when the 
sea-water passes through the tubes, and 
has been baked by the long application of 
the low temperature of the tubes. 


side 





If the coal in the State of West Vir- 
ginia could be capitalized at ten cents a 
ton—a triflingly small figure to represent 
the value of a ton of coal—the total capi- 
talized the that one 
State $10,000,000,000. This 
would be about twelve times the combined 


wealth of coal of 


would be 
capital of all the national banks in the 
United States. 


West Virginia is mar- 
velously rich in coal, but Kentucky is 
about equally rich. The coal and iron 


of Alabama combined ought to be worth 
in the future as much as the coal of West 
Coal Trade Bulletin. 


Virginia.- 
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Inquiries 


Questions are not answered unless they are 
of general interest and are accompanied by 
the name and address of the inquirer. 








Temperature of Water Leaving a Heater 

(a) To what temperature can a closed 
ieed-water heater raise the water, the 
temperature of ihe steam being 212 de- 
grees? 

(b) How many feet of heating surface 
per horse-power are required? 

‘ BG. Ws 

(a) If there are sufficient heating sur- 
face and steam supply, 211 degrees tem- 
perature is possible. In practice, however, 
the water is heated to about 208 or 210 
degrees, as a maximum. 


(b) The quantity of water, not the 
rated horse-power of the boiler, deter- 
mines the heater surface area. See N. A. 
Carle’s article in Power of December, 
1906, page 738. 


Generators of Different Sizes in Parallel 


Can two compound-wound generators 
ot equal voltages but different capacities 
and speeds be operated satisfactorily in 
parallel? 

by. By. 

Yes; provided the speed regulation and 
the compounding are the same in both. 
lf the no-load voltages of both are equal 
and the full-load voltage of one is several 
volts higher than that of the other they 
cannot. And the compounding of one ma- 
chine cannot be adjusted independently 
of the other when they are working in 
parallel. If one engine regulates within 
14% per cent. and the other one only 
within 3 per cent., this may cause serious 
trouble with a fluctuating load. 


Pump Capacity 

A double-acting pump having 4% square 
inches of steam-piston area and 5% inches 
stroke runs at 70 strokes per minute, with 
« mean steam pressure of 40 pounds per 
scuare inch. Assuming no losses in the 
pump and water connections, how many 
gallons of water, weighing 8% pounds per 
gallon, will it lift 20 feet in one hour? 

x. KV. 

The total pressure on the piston is 4% 

40 = 180 pounds, and the travel per 
minute is 544 X 70 -—- 12 = 32.08 feet. 
The work done, therefore, is 180 
32.08 = 5774.4 foot-pounds: per minute. 
Working through a distance of 20 feet, 
this will 5774.4 + 20 = 288.72 
pounds, which is equivalent to 288.72 ~ 
§.33 = 34.65 gallons of water per minute, 
or 2079 gallons per hour. 


raise 


Hlow to Compute the Horse-power in a 
Running Stream 
low much power can be developed 
from a stream 10 feet wide and 6 inches 
deep, having a fall of 8 feet, with a flow 
of 30 feet per minute? 


A. S. I. 
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You have a stream 10 feet wide and 
one-half foot deep, which gives it a cross- 
section of 

0X %4’=5 
Of this section 30 feet in length is pushed 


square feet. 


_over the dam in a minute, so that you have 


5 X 30 = I50 cubic feet 
of water passing over per minute. Taking 
the weight per cubic foot at 62% pounds 
and multiplying this by 8, the hight of the 
fall, you get the number of foot-pounds 
which would be developed per minute; 
and dividing this by 33,000, the number 
of foot-pounds per minute in a_ horse- 
power, you will obtain the horse-power 
represented by the fall of that much water. 
Multiply this by the efficiency of the water- 
wheel, 0.80, for example, and you will 
have the horse-power producible from 
that quantity of water falling through 
that distance by a wheel of that efficiency, 
as follows: 
10 0.5 & 30 & 62.5 & 8 X 080 
33,000 





a - = 1.818 H.P. 
Electric-transmission Efficiency 

(a) Electric power is delivered to a 
factory at the rate of 2400 watts and at 
400 volts, over a line 20 miles long having 
a resistance of 100 ohms. What is the 
efficiency of transmission ? 


(b) If the power were 8400 watts and 
the voltage 1400, what would be the trans- 
mission efficiency ? 

A TW. 

(a) The current is 2400 ~ 400 = 6 
amperes and the drop in the line is 6 
100 = 600 volts. The generator voltage, 
therefore, is 600 + 400 = 1000, and as 
400 of this is available at the factory, the 
efficiency is 40 per cent. 





(b) Current = 8400 ~ 1400 = 6 am- 
peres. Drop = 6 X 100 = 600 volts. 
Generator voltage = 1400 -+- 600 = 2000. 

= 1400 
Efficiency = = cent. 

c y men 7O per cent 


The length of the line is not a factor, 


since its total resistance is known. 
What Makes the Whistle Pipe Cold? 

A 2-inch pipe, on top of which is a fire- 
whistle, extends 30 feet above the roof. 
With steam at 125 pounds pressure this 
pipe, for about 6 feet from the top, gets 
cold. The pipe is connected to the boil- 
ers by an independent main designed to 
drain condensation back: The valve in 
the whistle is tight. The pipe is not cov- 
ered. What makes it get cold? 

5; 2D: 

The pipe is cooled because steam can- 
not get into it, and steam cannot get 
into it because it is full of water or air, 
probably air, judging from your descrip- 
tion. It would probably help some if 
you put in an automatic air valve, to 
automatically release any accumulation of 
air, and have the pipe so arranged that 
water will be trapped from it as fast as 
it condenses. 
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Book Reviews 


VALVES AND VALVE-GEAR MECHANISMS. 
By W. E. ‘Dalby. Published by 
Longmans, Green & Company, New 
York. Cloth; 366 pages, 6x9 “inches ; 
illustrated. Price, $6. 

The study of valve-gear mechanisms 
has always been a fascinating one to me- 
chanical engineers, and this volume is a 
valuable addition to the published litera- 
ture on the subject. It is an examination 
of a number of typical gears which are 
in actual work at the present time and 
representing in a certain sense the sur- 
vival of the fittest. With few exceptions 
the study is confined to those gears in 
which there is but one position of the 
valve for a given position of the crank, 
two of the exceptions being the Corliss 
and the Sulzer gears. The first third of 
the work is devoted to descriptive matter 
and drawing board methods of determining 
steam distribution effected by the simple 
eccentric. Two chapters are devoted to 
the subject of reversing gears. Both the 
graphical and analytical methods are used ; 
in the analytical, higher mathematics are 
freely indulged in. 


Power STATIONS AND PoweR TRANSMIS- 
sion. A manual of American prac- 
tice in the construction, equipment 
and management of electrical generat- 
ing stations, sub-stations, etc. By 
George C. Shaad. Published by Amer- 
ican School of Correspondence, Chi- 
cago. Cloth; 74 pages, 6%x9% 
inches; illustrated. Price, $1. 

This is one of a series of hand-books 
issued by the American School of Corres- 
pondence for the purposes of self-help. 
Special pains have been taken by the 
author, who is an expert in his line, to 
present the practical side of the 
ject, and bring it well within the compre- 
hension of the every-day man who is try- 
ing to keep in touch with the rapid ad 
vance in engineering and industrial fields. 
The language is plain and clear, formulas 
and higher mathematics 


sub- 


being avoided 
without sacrificing any of the requirements 
of practical instruction, and the arrange 
ment such that the student is taken step by 
step to the mastery of the subject. Pro- 
fuse illustrations, to which the text refers 
in clear, concise language, make the work 
valuable either for reading or study. The 
work is dividend into two parts: Part 
I treats of power plants, both steam and 
hydraulic, and their location: and equip- 
ment; also of the generators, 
transformers, instruments, etc. 
treats 


exciters, 
Part I] 
of transmission and distribution 
systems. The work is thoroughly indexed 





The United States leads all Europe in 
coal and ore resources and production. 
This is shown by the fact that all Europe 
has 42,800 square miles of coal area; the 
United States has 340,000. 
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The 


Gas 


BY CECIL 


The numerical values of K.and X, are so nearly 
equal in practice that, in view of the other uncertainties 
involved in output calculations, it is sufficient to con- 
sider them equal. For example, if 

Yo = 5, Mc = 1.35, He = 4.85 and me = 1.32, 
then 
Ke = 1.23044, 
and 
Ke = 1.23966 ; 
the difference being less than one per cent. of the 
smaller of the two values. Sometimes the value of 
kK, is larger than that of K.; for example, if 


%c = 5, Mc = 1.3, # e = 475 and m- = 1,27, 
then 
Ke = 1.2767, 
while 
Ke = 1.2718. 


However, as will be explained farther along, these 
constants have to be modified to fit actual engine per- 
formances, so that the small difference between their 
values is of no importance. The theoretical equation 
for indicated work per cycle may just as well be con- 
densed into 


K. (P: — Pe) V. 
Fe— Z 





= ind. ft.-lbs. per cycle. 


Inspection of equation (i) shows that 


—t. 
%e— I 


—_ Ky ’ 


and substituting this equivalent in the work formula 
gives as the final theoretical equation : 


Ky Ke Vs = ind, ft.-lbs. per cycle. (n) 


INDICATED HorsE POWER 


The horse-power of an engine is equal to 


Foot-pounds per minute 
33,000 

and the number of useful foot-pounds per minute de- 
veloped in a gas-engine cylinder is equal to the foot- 
pounds per cycle X number of explosions per minute. 
Consequently, if the number of explosions per minute 
be represented by N,, the indicated power of an engine 
will be, theoreticaily, 

Ky Ke V. Nz 

33,000 





= LHP. 


The relation of this equation to the old steam-engine 
formula based on mean effective pressure will be ob- 
vious upon analysis. The mean effective pressure per 
square foot is equal to the foot-pounds per cycle di- 
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Engine—Part 
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Third 


ye POOLE 


vided by the piston displacement, so that the mean 
effective per square inch is, theoretically, 
Ky Ke 
144 
The piston displacement in cubic feet is equal to 
piston area X stroke, in foot measure, so that 
LA= 148 Fes 
and it will be found that if these equivalents be sub- 
stituted in the steam-engine formula 
pn L A Nz 
33,000 
the result will be the equation above. 
In all of the equations for pressures, temperatures 
and work obtained after ignition is accomplished, the 





pm = 


= 1.H.P., 


factor K, necessarily appears, because it includes all of 
the elemental factors which affect the rise of pressure 
and temperature above the compression point. Refer- 
ring again to equation (g), it will be found that A, 


is the product of a —1, the mixture heat value, >, 


and the “utilization” ,factor u, all multiplied by 778 
to reduce heat to foot-pounds. The values of C, and 
C, in this case are those of the entire cylinder contents, 
consisting of fresh mixture and burned gases remain- 
ing in the clearance from the previous explosion, The 
calculation of these values is very tedious and, more- 
over, it is difficult to determine the data required to 
make the computation. The calculation of the heat 
value (h) of the gas is also tedious and the proper 
value to assign to a (cubic feet of air per cubic foot of 
gas) is a matter largely of guesswork. As a matter 
of fact, the ratio of air to gas actually obtained in an 
engine cylinder is almost impossible of accurate de- 
termination; the author has never seen a set of test 
records which gave any evidence that the air ratio had 
been correctly ascertained. 


PRACTICAL Output EsTIMATION 


In view of the foregoing difficulties, the most prac- 
tical method of estimating engine output is either to 
base the estimate on the rise of pressure which expe- 
rience has shown can be obtained reliably with the 
given fuel and operating conditions (compression pres- 
sure, cooling water heat waste, shape of combustion 
chamber, timing of ignition, etc.), substituting 

Ps — Po 
res 
for Ay in the equations, or else to assume values for 
h 


1I+a 
obtainable. In order to facilitate the application of the 


which experience has shown to be readily 





k, u and 
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Table 7. 
CORRESPONDING TO DIFFERENT COMPRESSION RATIOS AND EXHAUST VALVE TIMING; FOUR-STROKE CYCLE. 





POINT OF EXPANSION STROKE AT WHICH THE EXHAUST VALVE BEGINS TO OPED. 
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former of the two methods, Tables 3-A to 3-D have 
been prepared, the values therein given being based on 
a large number of indicator diagram analyses. In se- 
lecting these values the average values shown by in- 


Table 8. 
Properties of Gas Engine Fuel Mixture Constituents 


One Cusic Foot, at 700 DEGREES TEMPERATURE AND 1,944 Pounps Pressure 


Note:—1,944 lbs. per sq. ft.=13% lbs. per sq. in. 

















B.t u. to raise temp. | Cubic feet 
: one degree Fahr. of air uti- 
Constituent Weigit B. t. u. — lized in 
| Cc onstant | Constant combus- 
pressure | volume tion 
- _ am 
Hydrogen........ 0.003602 186 .62 0.0122807; 0.0086901 2.41 
Methane..........} 0.02874 620 55 0.01703893 0.0134584 9.61 
Ethylene......... 0.05034 998.45 | 0.0203373) 0 OO87088 14.42 
Carb. oxide....... | 0.05032 221.18 0.0124742, 0 0088462 2.40 
Carb. dioxide. .... | 2 ee 0.0171582) 0.0121373 
Nitramen......<«. | A. See 0.0123063' 0.0087174| ..... 
eer 0.05750 eee ula ene 0.0125079, O 0O89194|  ..... 
Mohs caaaneacy | 0 05204 ...+...| 0 0123589) 0 0087891} 2. .! 





dicator diagrams were not taken, because in rating a 
gas or oil engine the benefit of all doubt must be ac- 
corded to the engine. The values in the table, there- 
fore, will be found somewhat Jower than one should be 
able to obtain under average conditions. 

In order to apply the second method of estimating, 
Tables 8, 9 and 10, are provided. From Table 8 one 
can readily compute the properties of any fuel mixture 
if the analysis of the fuel is known. In making such 
computations the results will more nearly agree with 


Table 9. Properties of Some Representative Fuels and 


Mixtures 


At 700 Decrees ABSOLUTE TEMPERATURE AND 1,944 PouNpDs ABSOLUTE 


PRESSURE. 
Note:—1,944 Ibs. per sq. ft. = 131% Ibs. per sq. in. 














Air Re- 
quired for Practical Mixtures 
| Comsbustion: 
B.t.u. | £ = 3 
Fuel per | on = 
cu. ft/Theo- Prac B.t.u. ae a St 
| retie- tie- |per cu. LP _ k (k-1 )h it | atl 
| ally | ally ft. j{C l+a ol | ols 
gE t=|35 
[3 





| 
| 





| 


Vols. |V Me ‘ols. 
1 








Gasolene vapor...... 750 |14 7 41.7 |1.4050'16.8885) 13,139/0.3982 
Natural gas......... 600 |12 14 40.0 1.3980 15.9200) 12,386/0.3753 
Oil water gas........|353.7| 5.2 | 8 39.2 1.4060 15.9558) 12,414/0.3762 
Dowson producer gas. | 96.7; 1.09| 1.6 | 37.2 |1.4098 15 2445 » 11,860)0 . 3954 
Mond | 93.7) 1.12) 1.7 | 34.7 |1.4085)14 11,( 028|0 3342 
Taylor ‘ . 91.6) 1.08 1.6 | 35.2 |1.4083)14.;: 11,1 182)0 3388 
Avg. suc, “ * 90.6) 1.03 1.6 | 35.0 |1.4095 14.3325) 11,151)0.3379 
Blast furnace ~ 62.4) 0.68 1.0 | 31.2 1.409512.7760) 9,940)0.3012 


im wan Ae 


ANALYSES OF THE ABOVE FUELS BY VOLUME. 








| | 
; Gaso- | Dow- | Avg. | Blast 
Constituent jleneby| Natu-| Oi! | son } Mond |Taylor| suc. |F’rn’ce 
’ eight) ralgas, gas | gas | gas | gas | gas gas 
SS es —_ —_— —- eS _ — — 
| | | | 
Carbon....... . ae | ees eee Pee ort is eee las 
Hydrogen.........|144%%| 2 2%'51.8%'18.5%|22 0% 17 0% 14.0% 2 6% 
Methane......... }......192.6% 33.0%! 0.5%| 2.4%| 2.5%) 0 8% i. 
Ethylene.......... epee 1 0.4%| 4.2% ee nee, Facet: 
Care. OMNES: . ... 5 1.00 | 0.5%! 4.2% 25.6%'16.0%\19 .0% 26. 0% 196 0% 
COs. GHOGNGe..... c}. 105 0.3%) 1.4%, 8.0% .12.0%| 8.4%; 5.0%, 9 10% 
Nitrogen......... ew tone 3.7%| 5.2% 47.0% '47 .0%|52.5%'54 0% 62 0% 
Je ry « 0.3%)| 0.2%; 0.4%| 0.6%| 0.6%; 0.2%! 0.0% 


practice if the quantity of air per unit of gas be taken 
at 20 per cent. above the theoretical requirement for oil 
fuels ; 360 per cent. for natural gas ; 40 per cent. for less 
rich gasés, such as: coke-oven gas, oil-water gas, and 
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ordinary illuminating gas; and 50 per cent. for pro- 


ducer and blast-furnace gases. These percentages are 
not all in accord with theoretical reasoning, but they 
Table 9 
has been computed on this basis, using some represen- 
tative fuel analyses. 


seem to be justified by practical expediency. 


The heat values in this table and 
Table 8 will seem low to anyone accustomed to heat 
values based on 32 deg. Fahrenheit, or o deg. Centi- 
grade; the explanation will be found in the sub-head- 
ings of the tables—the figures are for gases at 700 deg 
absolute temperature (240 deg. Fah.) and 13% pounds 
per square inch absolute pressure. The temperature 
and pressure have been selected as coming nearest to 
average conditions. In a well-cooled cylinder, with a 
cooled piston and cooled exhaust valves, the initial mix- 
ture temperature may readily be as low as 630 or 640 
degrees absolute, but in a cylinder moderately well 
cooled and having solid valves, the temperature may 


Table 10. Average 
Practical Values of 
Kg 

Ko=778 —*_u (k-1) 
l+a 
. Average 
Fuel Ke 

Gasolene........ 9300 

Kerosene....... | $100 

Natural Gas.... .| 7xh’ , 

Coal or oil illumi-| 
nating gas.... i2 =x a’ 

Producer gas....| 40x h’ 


Blast furnace gas} 50 x h’ 
{ 

Norr.—h’ =B.t.u. per cu- 

bie foot of gas at 32° Fahr. 





easily be 800 degrees, especially if the inlet and exhaust 
valves are close together. 


The next stumbling-block in estimating the power 
of an engine is the fact that, even if the actual values 
of all of the other factors were known beforehand, the 
use of the factor K. would rarely give correct results. 
The explanation of this is simple: the compression and 
expansion curves do not follow strictly the exponential 
law which is applied to them for lack of something 
better. Even when the ratio of compression to pre- 
compression pressures agrees with equation (c) and 
the ratio of explosion to release pressures conforms to 
equation (j), the indicator diagram will usually be 
from ten to forty per cent. larger in area than called 
for by either equation (m) or equation (n). This is 
because the compression curve is slightly more concave 
and the expansion curve very much /ess concave than 
are the corresponding curves plotted by the formulas. 
The discrepancy between the calculated and the actual 
curves is due to the fact that the formulas are based 
on the assumption that heat is added and withdrawn in 
a regular manner during expansion and compression, 
respectively, whereas the addition and withdrawal are 
far from regular in most cases. 


The heat loss during 
the first two-thirds of the compression stroke is more 
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rapid, relatively, than during the remaining third, be- 
cause of the constantly decreasing wall surface through 
which the heat escapes to the jacket water. The heat 
interchange during the expansion stroke is more com- 
plex. In most cases, the curve starts down about with 
the calculated curve; a little later, it is flattened by an 
access of heat either from the walls or by after-burning 
of the gases. No matter what the cause is, there is 
obviously an irregular accession of heat which raises 
the curve after expansion begins. 

These discrepancies are illustrated in Fig. 38, 


which the solid curves are reproduced from those 


traced by an indicator and the dotted curves were 
plotted by the formulas (c) and (j), using the expo- 
nents corresponding to the pressure ratios. Another dis- 
crepancy lies in the fact that the “peaks” of nearly all 
normal indicator diagrams are considerably rounded, 
whereas the power and work formulas are based on the 
assumption of a sharp point. If the “peak” represent- 
ing the maximum explosion pressure were carried up, 
in the calculated diagram, to the point that it would 


















Compression Ratio 6. 


Compression Exponent 1.32 
K, 1.3687 
Initial Pressure, e. 14. 
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Expansion Exponent Ne, 13 
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FIG. 38. 


ILLUSTRATING DISCREPANCIES BETWEEN ACTUAL AND 
THEORETICAL INDICATOR DIAGRAMS 


reach with instantaneous but not adiabatic combustion, 
and the expansion line were started from that point, the 
area of the plotted diagram would doubtless be nearer 
to equality with that of the actual indicator diagram, 
and equations containing or depending on the factor 
A. would approximate more uniformly to accuracy. 
But it is impossible to predict just where the peak 
would go with instantaneous combustion, because the 
heat loss during the explosion cannot be estimated with 
any confidence. 

In view of these discrepancies between the formulas 
and the actual performance, it is more practical to sub- 
stitute a factor for K. in equation (n) which will vary 
generally with the compression ratio and yet allow for 
the absence of regularity in the compression and ex- 
fansion curves and the rounding of the maximum- 
fressure point. Representing the substitute factor by 
# the formula for mean effective pressure becomes 


. Ky Ka 


Pm 14 


; (p) 


POWER 


and this may also be written 


Ka (pz — pe) 


ae 
an fo 


(p2) 


Tabie 11. Seven Test Records 








R.t.u. per 


cu. {t. cold 
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No. 


Bore 
and Stroke 


L.H.P.t 
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270 133 
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202; 88. 
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127 
585 
| 650 

600 
. 660 


oF 


| 625 





* Hit-and-miss regulation. 

t+ Power developed in one end of a cylinder in double-acting engines. 
The indicated horse-power formula, based on mean 
effective pressure, is 


144 pu V 8 Ne 


pier =/HP, 


(q) 


and if one prefers to go direct from foot-pounds per 
cycle to horse-power, 


Ky K ca Vs Nz _ =/H.P, 


33,000 








(q2) 


,it now remains to deduce a rational value for the 
empirical factor K, which is supposed to include KX, 
and also to make allowance for the discrepancies just 
discussed. From an analysis of nearly one hundred 
indicator diagrams, taken under widely varying condi- 
tions and from all classes of engines, the author has 
come to the conclusion that no factor can be worked 
out that will give calculated results corresponding to 
even the average results obtained in practice under 
widely different conditions. The value of 7."-' 
comes nearer the general average than any other factor 
that has been tried, and in many cases it has given 
surprisingly close results. 

Tables 11 and 12 will serve to illustrate the differ- 
ences between actual and estimated engine perform- 


Table 12. Comparisons of Test Results 
with Estimates 








Ka= 
144 pm 
-"s 


Kr= ’ , 
Compress’n 
exponent 


di Ne 





No. 


Test | 
| tTe—1 





| Est. 


| Test | Sree 


205 
183 
236 
148 
| 163 
169 


|} 182 | 


Pressure in 144 (p:—pe) 
| 
| 


| 
| 


| 
| 


Test | Est. 


Test | Est.* 





9103 
5120 
6682 
10016 
12043 
9905 
6800 


9300 | 
5u80 | 
6780 

7800 
7200 
7920 
7500 


.432)1. 
.589|1. 
6577/1. 
.543/1. 
.045/1. 
2591. 
7: 


tt et et et 
n 





| 
Test Est. 





1.39 
1.3. 
| 1.34 
1.30 
1.30 
1.30 





epee pet et et 
& 





- 83. 








* Assumed to be equal to rn-l. 


ances, the estimated results being based on Tables 3-A 
and 3-C, Table 10, equation (p) and the use of 7."~' 
The data in Table 11 were ob- 


for the value of Ay. 


tairred by tests and measurements of the various en- 


gines and fuels. 








No measurements were made of the 


2 ae 
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proportion of air to fuel, the mixture in all cases being 
adjusted until the best results were obtained in the 
engine cylinder. Engine No. 5 was a tandem single- 
acting, No. 6 was a twin-cylinder single-acting and 
No. 7 was one of the mammoth twin tandem double- 
acting engines in California, described in Power of 
January 14, 1908. All of the others were simple single- 
acting engines. 

It will be noticed by reference to Table 12 that the 
empirical values of K, average up fairly close to the 
actual values derived from the tests, but the compari- 
sons in Tests 2, 5 and 6 indicate the futility of trying 
to derive a factor that will approximate accuracy in 
every case. 

When one has a series of indicator diagrams the in- 
dicated horse-power is, of course, readily computed by 


Table 13. Horse=power Constants 


For DirrERENT MEAN EFFECTIVE PRESSURES. 





M.E.P.| H. P. Constant | M.E.P. | H. P. Constant 
| 








50 0.2182 | 80 0.3491 
51 0.2225 81 0.3535 
52 0.2269 | 82 0.3578 
53 0.2313 | 83 0.3622 
54 0.2356 || 84 0.3665 
55 0.2400 85 0.3709 
56 0.2444 86 0.3753 
57 0 .2487 87 0.3796 
58 0.2531 88 0.3840 
59 0.2575 89 0.3884 
60 | 0.2618 90 0.3927 
61 | 0.2662 91 0.3971 
62 0.2705 92 0.4015 
63 | 0.2749 93 0.4058 
64 0.2793 || 94 0.4102 
65 | 0.2836 | 95 |. 0.4145 
66 | 0.2880 96 0.4189 
67 0.2924 | 97 0.4233 
63 | 0.2967 98 0.4276 
69 | 0.3011 99 0 .4320 
70 0.3055 100 | 0.4364 : 
71 0.3098 101 | 0.4407 
72 0.3142 | 102 | 0.4451 
73 0.3185 103 | 0.4495 
74 0.3229 , | 104 | 0.4538 
75 0.3273 © || 105 0.4582 
76 0.3316 || 106 0.4625 
77 0.3360 | 107 0.4669 
78 0.3404 || 108 | 0.4713 
79 0.3447 | 110 | 0.4800 
1 








Constant X Piston Displacement in Cu. Ft X 
Explosions per minute = I.H.P. 


means of equation (q). In order to facilitate this com- 
putation, Table 13 is provided. The “horse-power con- 
stants” are merely the mean effective pressures multi- 
plied by 144 and divided by 33,000. Having the mean 
effective pressure from the diagram, the corresponding 
constant is taken from the table, either direct or by 
extrapolation. Thus, if the mean effective pressure 
were 76.7 pounds, the factor would be 0.3316 + 0.7 of 
the difference between this and 0.3360, or 


0.3316 + 0.00308 = 0.33468. 


Tables 14-A and 14-B give piston displacements in 
cubic feet for diameters of 3 to 60 inches and stroke 
lengths of % inch to g inches. 
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Tables 15 and 16 have been prepared for the con- 
venience of those dealing with engines which depart 
from the usual pressure and temperature ratios so far 
as to escape the application of Tables 1, 2, 4 and s. 
Table 16 also supplies values of Ka for making rough 
estimates by means of formulas (p), (p2) and (q2). 


EFFICIENCY 


The indicated thermal efficiency is the net work done 
on the piston per cycle divided by the work equivalent 
of the heat liberated by combustion per cycle. Ex- 
pressed as a formula: 


Ind. ft.-lbs. per cycle oe 
778 X B.t.u. of combustion indicated efficiency. 


The brake thermal efficiency is 


Fit.-lbs. per cycle at shaft , 
778 X tte 7 ssecheatios = brake efficiency. 

The “B.t.u. of combustion” is equal to the number 
of heat units per cubic foot or pound of fuel, multiplied 
by the number of cubi¢ feet or pounds of fuel per 
minute or hour taken in by the engine and divided by 
the number of explosions per minute or hour. That is: - 


h"x<n 





B.tu, of combustion, 
in which 
h"” = B.t.u. per cubic foot (or pound) of fuel, as 
delivered to engine, 
n == Number of cubic\feet (or pounds) of fuel 
delivered to the engine per minute, 
NN. = Number of explosions per minute. 


The mechanical efficiency is the ratio of brake to in- 


dicated efficiencies or horse-powers, as one may prefer. 
Thus, 


Brake efficiency 
Indicated efficiency 





= mechanical efficiency, 
or 


Brake horse-power as 
1.HP. = mechanical efficiency. 





There is no way of ascertaining the thermal efficiency 
of an internal-combustion engine except by actual 
test. The theoretical thermal efficiency of the four- 
stroke cycle is given by the formula: 


I 


Heat efficiency = 1 — eo 


but this cannot be applied to an actual engine because 
it is based on adiabatic compression, combustion and 
expansion, and complete instantaneous combustion at 
the moment when the crank is passing the dead center. 
The formula for efficiency, assuming regular loss 
and gain of heat during compression and expansion re- 
spectively, is 
Px Ke— P. Ke 
h ’ 
+a (re om 1) 
but this cannot be considered generally accurate for 


Indicated efficiency = 
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Table 14-A. Piston Displacement, in Cubic Feet, or parts of a Cubic 
Foot, per Stroke 








LENGTH OF PISTON STROKE 





| | = 
1 inch 7 ante inches 4 nests inches 6 inches 7 7 inches 8 inches 9 inches 
Sa ge AGRO 2 


00888 0.01332 0.01775\0. 


Diameter of || 
Piston, Inches } 


— 
m 


34 inch 








a 





5 
ic) 
a 
\ 
ton 
5 
fc) 
ia 


03272'0.03682 
035510 .03995 
03841)0.04321 
04142004659 
04454'0.05011 
04778 0.05376 
05113 0.05753 
.05460 0.06142 
.05818 0.06545 
.06187 0.06960 
.06568 0.07389 
.06960'0.07830 
07363 0.08284 
.07778 0.08750 
.08204|0 09230 

09721 


024540. 
026630. 
02880)0. 
03106, \O. 
03341'0. 
03584, 
03835 
04095 
04363 
04640 


0.001020. 00205'0. 0030710" “0040910. 
0.00111 0.002220 .00333 0.00444 0. 
0.001200. 00240 0. .00360 0.00480, 0.009600 .01440 0.01920)0. 
0.00129 0.00259/0 .00388 0.00518) 0.01035)0.01553 0.02071)\0. 
0.00139 0.00278)/0 .00418 0 .00557|0 .01114,0.01670 0.02227/0. 
0.00149 0.00299'0 .00448 0. 00597/0.01195)0 .01792 0 .02389)0 .02986 0. 
00160 0 .00320\0 .00479 0.00639 |0.01278,0.01918 0.02557 0.03196 0. 
.00171.0.00341|0.00512'0. 00682 0.01365 0.02047 0.02730) (0.03412 0. 
.00182 0.00364/0.00545 0.00727) (0.014540. 021820. 02909|0.03636 0. 
.00193 0 .00387|0.00580/0. 00773) 0.01547 0.02320 0.03094 0.03867 0. 

.00205 0 .00410)0 .00616/0.00821)|0 .01642 0.02463 0.03284 0.04105 0.04926 
.00217 0 .00435]/0 .00652/0 .00870)/0 .01740 0.02610 0.03480 0.04350 (0.05220 
.00230 0. 00460/0 .00690)0. 00920)0 .01841 0.02761 0. -03682 0.04602 0.05522 
00243 0.00486|0.00729/0. 00972'0.01944, 0.02917 0.03889/0.04861 0.05833 
.00256 0.00513 0.00769/0. 01026)/0.02051) (0.03077 0.04102 0.05128 0. 06153 
.00270 0.00540 03240 0.04321/0.05401/0.06481 


3 
3% 
34/0 
3340 
3% 
3540 


02045. 0. 
022190. 
024000. 
02589 0. 
02784 0. 


02863 
03107 
03361 
03624 
03897 
.04181 
04474 
04777 
05090 
05414 
05747 
06090 
06443 
06806 
07179 
07561 








.08641)0. 


0.00810)0.01080/0. 02160 0. 
00284, 0.00568|0.00852/0.01136)0. 
-00298 0 0 ..00597|0 .00895/0.01194)/0. 
pn .00626 


0.00940 
.00328/0 .00657/0 .00985 
.00344 0. 00687|0.01031 
00360 0.00719)0.01079 
.00376 0.00751 






0.01127 


0.01253/0. 
0.01313)0. 
0.013750. 
0.01438 0. 
0.01503 0. 









\o\e 
PVDF 


rve\ 


00392 0.00784/0 
.00409/0.00818/0. 
00444 0.00888 0. 
.00480 0.00960 0. 
.00518 0.01035 0 

-00557/0.01114'0. 
.00597/0.01194 0. 
00639 
0.00682 
0.0072 
0.00773 
0.00821 
0.00870 
0.00920 





0.015470. 
0.016420. 
0.017400. 
0.01841 0. 





0.01278 0. 
(0.01365 0. 
70.01454 0. 


019440. 


.01177 





02182 0.02509 0 
02320 0.030940 
02463 0.03284 0 


026100. 0348010. 
02761 0.036820. 


02917 0. 


0. 015690.0 
012270. 016360.0 
013320. 01775)/0. 
01440 0.019200. 
.01553 0.02071 0. 
01670 0.02227 0. 
01792,0.02389 0. 
01917 0.02557 0. 
02047 (0 .02730,0.0 


02273 
0262 


03138)0. 
327510 
03551)0 
038410 


04142 0. 
044: 54 0. 
047 780 F 
05113)0. 
5460 0. 
058180. 
.061870. 
.06568 0 
06960 0. 
073630. 


0. 
02388 0. 
025060. 
60 .03939 0.05253 
027500. 
028760. 
030050. 


03409 0.04545 
03581 /0.04775 
03758 0.05011 


04125 (0.05500 
04314'0.05752 
04508'0.06011 


0.05681/0. 06818 
0.05969|0 0716310. 
0.062640 .0751710. 
0.06566 0 .07879/0 

0.06874 0.08249/0. 
0.07190 0.08628 0. 
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.09852 0.131350. 


04706'0.06275 0.07844/0. 


-04909)0. 06545 0.08181 (0. 


-05526|0.07102 0.08877/0. 
.65761|0.07682'0.09602'0. 
1035410. 
111360. 
119450. 
12783/0. 
136500. 
14544 0. 
15468 0. 
164190. 


0621 3/0. 08284 0. 
06681)0. 089090. 
07167)0. 09556 0. 
07670 0.10227 0. 
OS81S00. 109200. 
08727 0.11635 0. 
09281 0.12 374/0. 


10440 0.139190. 
11045 0.147260. 


17399 
18408 


'0.07514|0.09016 0. 
09413 0. 
U9817 0. 
10653 0. 
115220. 
124250. 
13363 0. 
14334 0. 
15340 0. 


16380, 0. 
17453) 0. 
18561) 0. 
197030. 
2087910. 
22089 0. 


07954 
08357 
08769 
.09192 
09624 
10067 
10519 
10982 
11454 
12428 
13442 
14496 
15590 
16723 
17897 
19109 





090900. 
.09550)0. 
.10022/0. 
.10505)0. 
.10999]0. 
.11505)0. 
1202210. 


125500. 
1309010. 
0. 
0.15362)/0. 
0.16567/0. 
0. 

0.19112)0. 
0.20453/0. 
0. 
20362 0. 
216550. 
22987 0. 
24359 0. 
257710. 


10227 
10744 
11275 
11818 
12374 
12943 
13524 
14119 
14726 
15979 
17283 
18638 
20044 
21501 
23010 
24569 
26180 


14204 0. 
17817)0. 


21839)0. 
2327110. 
24748 0.27842 
26271 0.29555 
27839 0.31319 
29452 0.33134 


\o\e 
PDR, 


03889 0. 
041020. 
043210. 
04545 0.06080 0. 


0.00972/0. 
0.010250. 
0.010800. 
0.01136)0. 
0.01194)0. 
6/0.01253 
4/0.01313 
0.01375 
0.01438 
50+ 01503 
0.01569 
0.01636 


077780. 
08204 0. 
08641 0. 


11667 0.15556 0. 
12306 0. 16408) 0. 
12962 0. 17283)0. 
13635, 0.181810. 
14326:0.1910110. 
15033 0.20044 0.25055 
15757 0.21010 0.26262 


19445 
20510 
21604 
22726 
23876 


23334 0. 
246120. 
25924 0. 
2727110. 
28651 0. 
30066 0. 
315150. 
32994 0. 
345150. 
36066'0. 
37649 0. 
392710. 
40958 0. 
426110. 
44333 0. 


27223 0. 
28714 0. 


31112 0.35001 
32816 0.36918 
30245 0.34566 0.38886 
31816 0.36361 0.40906 
33427 0.38202'0.42977 
35077 0.40088 0.45099 
36767 0.42020 0.47272 
38493 0.43992/0.49491 
40267 0.46019|0.51772 
42077 0.48088/0. 54099 
43924 0. 50199/0. 56474 
45816 0.52361 )0.58906 
4778510. 54611/0.61438 
497130. 56815|0.63917 
51722/0.59111/0.66500 
53768|0 .61449 0.69130 
55858|0.63838|0.71818 
57985|0.66269 0.74552 
5£062 0. 67500 0.75937 
62360/0.71269|0.80177 
64604 0.73833|0. 83062 
47781 |0.. 57337 0.66893 0.76449|0. 86005 
49442, 59320 0.69218 0.79106 0.88995 
51131|0.61358 0.71584 0.81810 0.92036 
52850/0 .63420'0. 73990 0.84560 0.95130 
54 5980 0.65517 |0.76437 0.87356 0.98276 
563740 .67649|0.78924 6.90199 1.01474 
58177|0. 69812|0.81448 0.93083 1.04720 


02051 0.03076 0. 
02160 0.032410. 
02273 0.03409 0. 
02388 '0.03581'0.04775 0.09550 0. 
02505\0.03758'0.0501 1:0.10022 0. 
-02626'0.0393¢ 0.05252 0.10505 0. 
02749|0.0412. 0.05499 0. 10098 0. 16497 0. 21996 0.27495 
02876 0.04314 0.05752,0.11505,0.17257, 0.230100. 
03005 0. 04508 0.06011 0. 12022 0. 18033 0.24044 0. 
03137 0. 04706) 0.0627F 0.12550:0.18825'0.251000. 
03273 0.049090 .06545 0.13000 0.19635 0.251810. 
03413 0.05 5120/0.06826 0.13653/0.20479 0.27306 0 
03551 0.05326 0.07102 0.14204 0.21306 0 5840710. 
03694 0.05542 (0 .0738¢ 0.14778 10.22167 0.29556 0. 
03841 0.05761 (0.07681 0. 15362 0. 23043'0.30725 0 
03990 0.05985 0 .07980'0.1595° 0.2393910.31919 0. 
-04142 0.06213 0.08284 0. 16567 0.24851 0.33134 0. 
-04219)0 .06328 0 .08437 0.16875 0.25313 0.33750 0. 
04454 0.06681 ‘0.08909! 0.17817|0. 26726 0.35634 0. 
.04615|0 .06922'0 09229 0. 18458 0.27687 0.36917 0. 
.04778|0 .07167 0.095560 .19112/0. 28668 0.382250. 
04944007416 0.00888)0. 19777 0.29665 0.39553)0. 
0.05113'0.07670 0.10226 /0.20453 0.30672 0.409050. 
0.05285 0.07927 0.10570 0.21140 0.31710 0.42280 0. 
02730|0.05460 0.08190 0.10920 0.21839'0.32759 0.436780. 
-02819|0 .05637 0.08456 0.11275|0.22556 6.33°2510.45100 0. 
.02909|0 05818 0.08727 (0.11635 0.23271 0.34906 0.46542 0. 
-03000/0 :06001 0.09001 0. 120020 .24003 0.36005/0.48007 0.600090 .72010'0. 84012 0.96014/1 .08020 
.03093 0 .06187 0.09280 0. 12374 0.24748 0.37122|0.49495 0.61869 0.74243 0.86617 0.989911 .11360 
031880 .06376 0.09564 0.12752 0.25503 0.38255/0. 51007 0.63759 \0.76510 0.89262 1 .02014|1 14766 
.03284!0 .06568 0.09852'0.13135 0.26271 0.394060. 52542 0.65677 6.78812|0.91948 1.05083 1.18219 
03281 (0.06762 0.10144 0.13525 0.27950 0.40575 0.54100 0.67624 0.81149'0.94674 1.08200 1.21724 
03480/0 .06960 0.10440 0.13920 0.27839 0.41759|0.55678 0.69598 0.83517 0.97437 1.113561 .25276 
03580 0.07160 0.10740 0. 14320 0.226400 .42960'0.5728010. 71600 0.85920 1 .00240)1 . 14560 1.28880 
0. 03682). 07363 0. 11045 0. SaTaAH SOAERIO.4417900. 89050. 7363190. -88358 1 .03084/1 .17810)1 .32536 
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0. 
28762) 0. 
30055 0. 
31374 0.: 
32726) 0. 
. 34132 0. 
35509. 0. 
36944 0. 
-38406| \0.4€087)0. 
39899 0.47878 0. 
41418)0.497010.: 
42182 0. 506250. 
44543'0.53451)0. 
46146 (0. 5537510. 
02389 
02472 
02557 
02642 
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Table 14-B. 
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Piston Displacement in Cubic Feet, or parts of a Cubic Foot, per Stroke 
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.4000 
.4767 
. 5554 
.6362 
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1640 
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3562 
$554 


5566 


6599 
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.8727 
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6. 
), 3823 
). §450 
3. 7094 
}. 8766 
0458 
2156 


.2070 
3226 
.4402 


5598 


.6816 


8053 
9311 


.0589 
. 1888 
. 3207 
4547 
. 5907 
.7287 
.8689 
.0110 
. 1552 
. 1959 


4495 
6000 
7526 
9068 


5.0635 


2219 


3885 
5635 


.7406 
.9193 
.1005 , 
2833 
.4687 


6557 
8448 
0359 
2297 
4250 


8214 


2266 
6396 


.0609 
.4906 
.9280 ° 


12. 
12. 
13. 


374 
828 
291 


.761 
. 240 
.726 | 


i teres 
oe LENGTH OF PISTON STROKE 
‘BE 1 inch | 116 in. 2 inches 214 in. 3 inches 3 Join. 4 inches 414 in. 5 inches 514 in. |6 inches 7 inches'8 inches 9 inches 
| | | | | | ie a Sas i Wits | 
1814|0.15556 0.23333! 0.31111/0.38889 0.46667 0.54444 9.62222 0.7 Es A IES ee 
19 0.16408 0.24612 0. 328160. 41020 0.49224 0.57428 9 63652 5 7aasale manay © Memeslo:eonent ero bet 
1914 0.17283 0.25924|0 3456610. 43207 0.51849 0.60490 9 69132 0.7777: o04is 0. veasul enone! i seedl sean 
a 1 18181 ® aratile panei! 0. “asabilo 848630, aneas 0.6% a 0.717173 0.86415 U.95056/ 1.03698) 1.2098) 1.3826) 
3014/0, 19101 (0:28651|0.38201 0.47752 0. 57302.0..66852 9.44103 0.85953 0.95503 1.0908 {1.1460 | 1.3570] 1.5280 
1 “|p: 20044 10 30066|0. 4008819. 8011019. 6018210. 7016415 aot vio G0198 1 0022 [1 -lons |i _a0m6 1.3370) 1.5280 
2114(9. 21010 0.31515 0.42020 0.52525 0.63029 0.73534 9, $1089 0.04544 1.0505 1.1555 |1.2606 | 1.4707] 1_6808 
52’ “Ip: 22000 0.33000] 0; 4400010. 5499610: 65005 07600410 aroosi0-080021.0999 |1 “2046 |1-3190 | 1 saool 4 eee 
72319: 29010|0 3451510, 4602019. 5752510 6002010. S05841G copecl oas4- (1.1805 1.2099 1.3199 1.53991 1.7599! 
23° 9.24044 (0.36066 0 4808510 .6011010.72132 0 84154looerra{1 0820 oo fed ped ee 
331<|0. 95101 napeninigeree S aaeetin Tenens Koabelt coin | a wo 1.3224 1.4420 1.6831) 1.9235 
24° |0.26180 0.39270|0.52360 0.65450 0.78540 0.916301; or7e {1.1781 * fee fhe Be 
213419 eane|0: 109240. b1a8o 65450/0. 78540 0.91630 1.0472 1. 781 1.3080 1.4399 [1.5708 | 1.8326) 2.0944 
on 0.28107 | 5 496101 . “5681410710171 BBaani0 oo4adls .0913 jt 2272 1.3641 1.5005 1.6369 1.9098, 2.1826 
2514 0.29555 0.44332|0.59110 0.73887,0.88665 1.0344 see it gop (h4et7 it -aues (1 foun | Scene Saeed 
26. *|0.30725\0.46088|0.61450|0.76813(0.92178 1.0754 \I_20r0 1.3826 |1.5363 |L-6sy9 [1 S1as | 2.1508] 3.4580 
2614 0.31918 0.47878|0.63837 0.797960.95755 1.1171 | Fey {14363 |1.8060 [1.7588 |L-oLal | 2.29481 2.See5 
a 33134 (0 4970110. 66268(0. athe 90403 5 user pee on ooo 1.7555 |1.9151 2.2343) 2.5535 
271410. 34373 (0.51559|0.68745|0.859321.0312 {1.2030 |1 3749 1.5408 1.7186 1.8805 {2.0024 | 2.4061) 2.7498 
28 (0.35634|0.53451/0.71267\0.89084]1 .0690 | 5 Sera {ances la euan |.7807-11 ones Ia tame | 3 toadl ieeer 
ED bt Ou" . . 2 11.4253 1.6035 |1.7817 (1.9599 |2.138 2.4944! 2.8507) 
2814 0. 36918|0. 55377|0. 73836 0.92295]1. 1075 H 2921 (1 -4ze7 (1.661: 5 wos |2"2351 | 2.5843] 2/0541 
72,0. 909807 : }1 .2¢ 11.4767 |1.6613 |1.8459 |2.0305 |2.2151 2.5842 9534| 
29° |0.38225|0.57337|0.7644910.95561!1.1467 {1.3379 |1 52 7: 3 |2'2085- | 2:6757| 3.0880 
jo 573: | ji 11/5290 1.7201 (1.9112 2.1023 |2.2935 [757 3.058 
2914 0.39554 |0 59331 |0.79108|0 .98885|1.1866 |1.3844 |1 38 77 a7z (9.1788 |2.279% | 2 7omel 2 160 
lg 28 c 11.5822 1.7799 |1.9777 |2.1755 |2.3732 | 2.7688) 3.1643) 
30° "19 4000810 @12 pore - 66 | 1.582% 799} 7 1755 2.3732 | 2.7688) 3.1643) 
- en 0.613590. 818121.0227 1.2272 1.4317 11.6362 1.8408 (2.0453 2.2498 2.4544 |:2.8634 3.2725] 
31 |0.43679|0.65518)0. “873581 :0920 [1.3104 L588 Hees 1 9658 3 1830 S dons 3 aaur | 20575] 2 aaa 
31 | |0.43679\0.65518)0. 87358 1.0020 1.3104 1.5288 /1 7472 1.9655 |2.1880 2.4023 |2.6207 | 3.0575) 3.4943 
% 6 3 "5785 11.8040 2.0295 2.2549 2.4804 |2.7059 | 3.1569 3.607: 
32° |0.46542/0.69813]0.93084 1.1636 {1.3963 | 617 is azra (3 anos [a:70as | aideeel 37904 
3214 0.48008|0. 7301210. 96016 1.2002 {1.4402 [1.6803 1.9209 2.1604 |2.4004 2.6104 |:s808 | 3.3606) 3.8106 
33. 0.49497 |0.74245]0.98993 1.2374 |1.4849 11.7324 1.9799 2.2273 |2.4748 2. 2.9608 | 3.4648| 3.9507 
| 93 1.2: 1.7324 1.9799 2.2273 |2.4748 |2.7223 |2.9698 | 3.4648) 3.95 
3314 0.51008 /0.76511|1.0202 |1.2752 {1.5302 |1.7853 12.0103 (2.2953 |2.55 54 |s:c0ne | 3'5708| 2.0008 
372| ; . 5302 .7853 |2.0403 2.2953 |2.5504 |2.8054 13.0605 | 3.570: 306 
34 |0.52542|0.7881211.0508 |1.3135 |1.5762 {1.8390 2.1017 2.3644 {2.627 is |s.1098 | 367701 4.9058 
A - x .0/62 336 2.101 2.3644 |2.6271 (2.8898 |3.1525 3.6779) 4.203: 
3424 0.54098|0.81148|1.0820 |1-3525 |1.6230 1.8934 211639 2.4: 703 754 [3/2459 | 3.7869) 4.3279 
My , 6230 |1.8934 2.1639 2.4344 |2.7049 [2.9754 13.2459 | 3.7869 4.327! 
35 |0.55678|0.83516]1.1136 |1.3919 |1.6703 {1.9487 .\2 297 55 |2.78: 23 |3:340r | 3\s074| 4.4542 
'|0.55 6703 |1.§ 2.2971 2.5055 |2.7839 |3.0623 |3.3407 | 3.897: 5 
3514 0.57280 /0.85920/1.1456 [1.4320 |1.7184. 2.0048 2 5776 |2.8 7-4 be be 
Ms 00.8 2.0048 |2.2912 2.5776 |2.8640 3.1504 |3.4368 96) 4.582 
36 0.57733 0.86599] 1.1547 |1.4433 |1.7320 2 753 (3.4640 | 4.0413) 4.6186 
i 0. , "7320 |2.0206 2.3093 2.5980 |2.8866 [3.1753 |3.4640 | 4.041: 6 
3614 0.60550 |0.90825]1.2110 |1.5137 [1.8165 2.1192 (2.4220 2.7247 |: Saas |a.Geen | doen! 4onee 
4 90825} 1. ; 2.1192 |2.4290 2.7247 |3.0275 3.3302 |3.63: 2385) 4.8 
37 0.622220 .93333|1.2444 {1.5556 {1.8667 2.1778 (2.4889 2.8000 |: anon ia dann | ¢dapel 4 oe 
(0.6: 93333} 1. 2.1778 |2.4889 2.8000 |3.1111 3.4222 |3.7333 | 4.3556) 4.9778 
3714 0.63918|0.95877|1.2784 [1.5979 1.9175 (2.2371 |2.5567 2.8763 |: ib -5ine {3 sa61 | 4.a7ea] Baise 
9 ¢ n P a 2. |\2.5¢ > 3 13.1959 |3:5155 |3.835 4.4742 3: 
38 |0 65631 |0.98446|1.3126 |1.6408 [1.9689 [2.2971 5250 iat '|3:2858 [s0000 |s.onre | 4.total #2508 
0.65631 (0. ¢ ; .9689 |2.2971 |2.6252 2.9534 |3.2815 |3.6097 |3.9378 | 4.59: 5 
38140.67373|1 .0106 |1.3473 {1.6843 |2.0212 |2.3580 |2.6049 3.0318 [3.3686 3.7055 1.0494 | 4.7161) 6.3898 
6 7 106 |1. 2.3580 |2.6949 3.0318 |3.3686 3.7055 {4.042 7161\ 5.3898 
39 (0.69132/1.0370 |1.3826 |1.7283 |2.0740 2 4196 12.7653 § 34560 [8 coms [4.1479 | 4, sb0e-B: S06 
89, 0.69132 1.0370 1.3826 |1.7283 [2.0740 (2.4196 }2.7653. 3.1109 3.4566 |3.£023 |4.1479 | 4.8392) 5: 5306 
¥40.70914|1 0637 |1. 2.4820 |2.8366 3.1911 |3.5457 [3.003 |4.2549 | 4.9640) 5.67: 
40 |0.72722/1.0908 |1.4544 |p.8181 (2.1817 2.5453 | 3 as (3: 6aei (3 9007 1d Sens | S.poesl 6.857% 
| .OSO0§ 4 ole ‘ 2.5453 12.9089 3.2725 |3.6361 |3.9997 |4.3¢ 5.0906 78 
4014 0.74549]1.1182 11.4910 11.8637 /2.2365 |2 6092: | 32547 [3.7274 {41066 {4.4750 | G2tsdl 6/9639 
\% "8637 |2.2365 |2.6092:'2.9819 |3.2547 |3.7274 |4.1002 14.4729 | 5 2184) 5.963% 
41. (0. 76406|11461 1.5281 {1.9102 (2.2922 2.6742 |3.0562 3.4385 [3.8203 4.2023 |4 5844 | 5.3484] 6.1125 
‘5281 |1. 2 6742 |3.0562 |3.4383 |3.8203 14.2023 4.5844 | 5.348 5 
4114'0.78281|1.1742 |1.5656 |1.9570 [2.3484 |2°73 ; 39141 14.3055 (4.6909 | 5.4797) 6.2625 
\% ; 3484 |2.7398 |3.1312 '3.5227 13.9141 14.3055 |4.6969 | 5.4797 5 
42° |0.80174|1.2026 |1.6035 |2.0043 |2.4052 |2 '3 6078 Hyd Hi a Be pe 
j ; : ; 4052 |2.8061 /3.2069 |3.6078 |4.0087 [4.4095 |4.8104 | 5.6 
4214.9 82095/1 9314 |1.6419 |2.0524 |2'4698 |2'8733'|3 2838 |: “Aisa |4.9257 | 5.7466) 6.5676 
My ; '2.8733'|3.2838 |3.6943 |4.1047 |4..9152 |4.9257 | 5.7466] 6.5676 
43 |0.84039/1.2606 |1.6808 |2.1010 2.5212 [2.9414 ': 7 as |5-Otde |p ameel'S 7231 
j : i. "5212 2.9414 1353616 |3.7818 |4.2020 |4 8822 |5.0424 | 5 8828 
4314,0.86007|1.2901 |1.7201 2.1502 2/5802 [3.0102 {3.4403 | 03 |4:7304'|5. 1604 | 6.0205, 6. 880¢ 
2 5802 |3.0102 13.4403 |3.8703 |4.3003 4.7304 °|5.160: 5 06 
43 8: 86007]1.2901 |1.7201 /2.1502 |2.5¢02 |3.01 7304 15.1604 | 6.0205! 6.8806 
‘31S "1998 |2:6398 |3.0797 |3.5197 |3.9596 |4.3996 |4.8396 |5.2795 594| 7.039: 
443<p seaeeli aan |i bake [a sepa - jam . 396 .8396 15.2795 | 6.1594) 7.0393 
\% ‘3 01 |2.2501 |2.7002 3.1502 |3.6002 |4.0503 |4.5003 4.9503 |5.4 5 5 
45. \0.92037|1.3806 |1.8407 |2.3009 2.7611 (3.071: 6018 \5.0620 |3.5222 |, 6.4426, 7.3630 
| “3009 |2. 3°73 |3.6815 14.1417 |4.6018 5.0620 |5.5222 | 6 7.36: 
4514|0.94097|1.4115 |1.8819 (2.3524 |2.8229 |3 2934 3.1753 18.6458 |"6. 5868) 7.5278 
6 , 3 3.2934 13.7639 |4.2344 |4.7049 |5.1753 |5.6458 |'6.5868| 7.5278 
46 —|0.96175|1.4426 |1.9235 [2.4044 (2.8852 |3_366 7 7 \5. 2806 (3.7708 | 6.7322| 7.6010 
; “8852 |3.3661 |3.8470 |4.3279 |4.8087 5.2896 |5.7705 | 6.7322 
461410 .98275|1.4741 |1.9655 |2.4569 |2.9483 |3.4396 |3.9: 3 40a1 (5.8008 | 6.8793) 7.8620 
6 f : .9483 |3.4396 |3.9310 |4.4224 |4.9138 |5.4051 |5.8965 | { 
47 |1.0040 |1.5060 12.0080 |2.5100 3.0120 |3.514 5 Sean o.Opey | Tossel 6.0819 
: 3.5140 {4.0160 |4.5180 |5.0200 5.5220 |6.0240 | 31¢ 
4714|1.0255 |1.5383 |2.0510 |2.5638 |3.0766 |3.589 5 6104 (6.1531 | 7.1786) 8.2042 
4 ‘5s 3.5893 |4.1021 |4.6148 |5.1276 |5.6404 |6.15: | 
an 11 0678 li eae fo ees 2 ren K sat “ oa 76 |5.6 ).1531 | 7.1786) 8.2042 
3.6653 |4.1889 [4.7125 |5.2361 5.7597 |6.283; 3306) 8; 
os bh aees la: cae 7 4 5 8 51 5.75$ 3.2833 | 7.3306) 8 3778 
S (tis ea beet peau bon te ee ee eee ee || ele 
50 |1.1368 |1.7044 [2.2726 |2.8407 3.4089 3.9770 |4 5151 [5.1133 |5.6814 (6.2496 |6.8177 | 7.9540 9.0903 
: 9! 3.5465 4.1376 |4.7287 |5.3198 |5.9109 |6.5020 |7.09: 52) ¢.457 
52 {1.2290 |1.8435 |2.4580 [3.0725 3.6870 |4.301 30 (5.55 D [6.7505 (7.3740 | 8.60201 9.8319 
84: : .0725 3.6870 |4.3015 |4.9160 |5.5305 |6.1450 |6.7595 |7.37 | 
53 |1.2767 |1.9151 |2.5535 3.1918 3.8302 |4. 468% 5 oe le cusey 7 name 17 cnet | 6 ce 
35 |3.16 & 4686 15.1069 [5.7453 |6.3837 |7.0220 6 37 / 
54 [1.3253 |1.9880 |2.6507 |3.3134 3.9760 (4.63 5 F gooey saat | 9 arvie ae 
98 3134 3.5 "6387 15.3014 |5.9641 |6.6267 |7.2894 |7.9521 | ¢ 
55 {1.3749 |2.0623 |2.7498 3.4372 4.1247 4.8 Po \e-arae (f bere lo ees | senanis one 
Q? 4 ke .8121 |5.4995 16.1870 |6.8744 |7.5619 |8.249: ¢ 
56 /1.4253 |2.1380 |2.8507 3.5634 4.2760 4.9887 |5.7 "8304 [8.5521 | 9.9774 111.403, 
2 5634 4.2769 4.9887 |5.7014 [6.4141 7.1267 |7.8394 |8.5521 | 
57 11.4767 |2.2151 |2.9535 3.6918 4.4302 5 1686 |5 906 7383 ‘pens (00,4879 01 a4 
ee . Of A 5.1686 |5.9069 |6.6453 7.3837 |8.1220 |8. 860: “Oe 
ove 822! a 5.3515 |6.1160 |6.8805 |'7.6450 |8.4095 |¢ C : 
68 1.5200 |2. 203: 457 3 6450 |8.4095 |9.1740 |10.7029.12.232 
1. 5822 2.3733 3.1643 ee 4.7465 5.5376 6.3287 |7.1198 7.9109 |8.7020 |9.4931 |11 .0752 12.657 
; 5 4.0906 4.9087 5.7268 6.5449 |7.3630 8.1811 |8.9992,/9.8174 |11.4536 13.090 
. } 
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the same reason that the equations for net work and 
pressure, which contain Ke and A, or A, alone, are 


not always accurate. 
The only method of determining the efficiency of a 


gas or oil engine with any approach to accuracy, there- 


fore, is to make a series of tests of the machine. Even 
this procedure does not always give accurate results, 
because engine indicators are seldom sensitive enough 
and are usually afflicted with lost motion in the pencil 
mechanism ; because it is difficult to maintain uniform 
operating conditions throughout a period sufficiently 
long to measure the fuel consumption, and because it 
is almost impossible to maintain the quality of the fuel 
constant when the fuel is a gas. The composition of 
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natural, coke-oven, producer or blast-furnace gas is 
likely to change several times during a short run. 
Pressure producer gas is more nearly stable than any 
of the others just enumerated because the holder tends 
to equalize the quality of the gas, and can be manipu- 
lated so as to supply an absolutely uniform gas 
throughout a very brief run. 

It is possible to obtain a supply of absolutely uni- 
form gas of any kind for a short test by providing a 
holder large enough to contain all the gas required for 
the test, filling it befor@ beginning the test and not 
putting any more gas in it until the test is finished. This 
is a rather expensive and inconvenient method, how- 
ever, and is impractical for making field tests. 





Notr.—On page 125 a line was accidentally dropped during the process of putting the type in page 
form. This line belongs between the ninth and tenth lines of the third paragraph in the second column, 


and reads: 


Consequently the heat per pound of cylinder contents 
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REAR VIEW OF\TWIN TANDEM DOUBLE-ACTING GAS ENGINES IN THE SAN MATEO POWER HOUSE OF THE CALIFORNIA GAS AND ELECTRIC 


CORPORATION. THE BORE OF THE CYLINDERS IS 42 INCHES AND THE STROKE IS 60 INCHES. THE ENGINES DRIVE ALTER- 
NATING-CURRENT GENERATORS’ AT 88 REVOLUTIONS PER MINUTE, AND THESE GENERATORS ARE OPERATED IN PARAL- 
LEL WITH THE CORPORATION’S HUGE SYSTEM. THE FUEL IS WATER GAS OF ABOUT 600 B.T.U. PER CUBIC 
y, FOOT, MADE FROM CRUDE OIL. THE FULL-LOAD COMPRESSION IS 95 POUNDS, ABSOLUTE. EACH 


TWIN ENGINE IS CAPABLE OF CARRYING 4600 BRAKE HORSE-POWER CONTINUOUSLY 
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Table 15: Values of r 
; | | | | . 
(ig gp Led | pp 1.21] p 1.22) p 1.23) nm pr 1-25) pp 1-26) p 1-27) pe 1-28) 1.29) 1.3 |p 1.31) p 1.32) p 1.33) p 1.34) p 1.35) p 1.36) p 1.37 i: p 1.39] p 1.4 
E\E | } 
oe | | 
“, ; 2 E 3.992} 4.036] 4.081] 4.126) 4.171) 4.217] 4.264] 4.311| 4.359) 4.407| 4.455) 4.505] 4.554 4.605] 4.656 
3.00 3 S19] 3.855] 3.898] 3.042] 3.986] 4.031] 4.076] 4.129] 4.168] 4.218] 4.2eo] 4c3tO 4.358] 4.407| 4.456) 4.506] 4.557, 4.608] 4.659 4.712] 4.765 
er: 3887 3.931| 3.976| 4.021| 4.067| 4.113] 4.160| 4.208] 4.255] 4.304) 4.353] 414021 41452] 4.503] 4.554) 4.606] 4.659| 4.7121 4.765 4.819] 4.874 
3°15, 3.963| 4.008| 4.055] 41101| 4.149| 41197] 4.245] 4.294] 41344 4.394 41444] 4.496] 4.547| 4.600] 4.653, 4.707| 4.761| 4.816] 4.87>| 4.028] 4.085 
3-45 Z.038| 41083| 4.133] 45182| 4.230| 4.280] 41330] 4.381| 41432| 4.484) 4.536] 4.801 4.643| 4.697] 4.752, 4 80m] 4.864) 4.024] 4.070] 6.039] B.006 
3.20) 4.038) 4. 63| 4.212| 4.262| 4.313] 4.364| 41416] 4.468] 4.521| 4.574] 4.629| 4.683] 4.739] 4.795| 4.852 4.910] 4.968| 5.027] 5.086) 5.147| 5.208 
3.25) 4.114 Soa 4.291] 4:343| 4.395} 41448) 41501] 4.555] 4.610) 4.665| 4.721| 4.778] 4.835] 4.894] 4.952) 5.012] 5.072| 5.133] 5.195| 5.257] 5.320 
3-30 4:d6e| 4.318] 4.371| 4.404| 4.478] 4.532| 4.587] 4.643| 4.700) 4.757| 4.815| 4.873] 4.0391 4.002| 5.083) S 11a] S177] SD40| S:R08| S.aee] 81439 
3-33 4/343] 4.306] 4.450] 4.505] 4.561] 4.617] 4.674] 4.731| 4.700 4.849] 4.908] 4.000 5.030 5.0991 Biteal Sipts| Sob49 5.347] 5.413| 5.480| 5.547 
3-40) 4-490 4:475| 4.930] 4.587] 4.644] 4.705] 4.765] 4.820 4.880] 4.941] 5.009| S.088] S.to8 S293] Bode6) Bca29] Boaee 5.455] 5.523| 5.592) 5.662 
3-43, 4:497| 4.5531 4.611| 4.669| 4.728| 4.787| 4.848] 4.009] 4.971| 5.0331 5.097] S161] 5.298, $1293] B.a90| $2496] 8.495 B.s65| 8.634] Bool Biee7 
3.50) 4-4 4643 4.691| 4.751| 4.812| 4.873| 4.935] 4.998] 5.062) 5.126 5.192| 5.258| 5.325| 5.393| 5.461 5.531| 5.602\ 5.673| 5.745| 5.819] 5.803 
3-55) 4-301| 4-7ii| 4.772] 4.883| 4.896] 4.950 5.093] 5.087] 5.153] 8.2901 Biase] boaee| Soasa| Siapal Scaes 2836 5.709| 5.783] 5.857| 5.933] 6.009 
3-60| 4-959! 4.700] 4.853| 4°16] 4.9801 5.045] 5.111] 5.177] 8.2451 5.313] 5.380] B.403] Ecboal b1506| S.oe0| Sota] Sissel Siapal ool Scbaal 6.088 
3-65) 4 S07] 4.870] 4.034| 4.999 5.065| 5.132] 5.199] 5.208] 5.337| 5.407] B.ava| S.det] S.eoal b.e98| Booe3] 1840 5.926| 6.004| 6.083, 6.163, 6.244 
3-70 4-885] 4.060] 5.016] 5.082 5.150| 5.218| 5.288] 8.358| 5.430] 5.509| Sars 5.640] S.s24| S.800 S-88| S956] 6.0351 G.Ital G.197] O.2ve] 6.363 
3.75) 4-33 5.030 5.097| 5.166| 5.235| 5.306) 5.377| 5.449| 5.522| 5.597| 5.672] 5.748] 5.825 5.904| 5.983] 6.063] 6.159 6.227] 6.311| 6.396] 6.482 
3-80) $.041| 5.110] 5.179| 8.200| 5.321| 5.393] $1466] 5.540 5.616) 5.002| 5.709] 5 S47] 3.097] 6.007] O.089] O-ir1] 6.265 6.340] 6.420] B.br3| 6.602 
3.85) BN 5.190] 5.261| 5.333| 5.407| 5.481| 5.556] 5.632| 5.709| 5.787| 5.867| 5.947] 6.028) 6.111| 6.195| 6.280] 6.366) 6.453] 6.541| 6.631| 6.722 
3.90) B.S. 5.344| 5.418) 5.493] 5.569) 5.646| 5.724| 5.803] 5.883] 5.965| 6.047] 6.131, 6.215] 6.301| 6.389] 6.477| 6.567| 6.657| 6.749] 6.843 
3.95) 3.1 3 352 5.426| 5.502| 5.579| 5.657| 5.736| 5.816| 5.897) 5.979| 6.063] 6.148] 6.233) 6.320] 6.409] 6.498] 6.589] 6.681| 6.774) 6.869) 6.964 
4.00) a7 3433 5.509| 5.587| 5.666] 5.745| 5.826| 5.908| 5.992| 6.076| 6.162| 6.248] 6.336! 6.426| 6.516| 6.608| 6.701| 6.795] 6.891| 6.988\ 7.087 
4-05) 3 -237| 3.514 6.502| 5.673] 5.752] 5.834 5.917] 6.001] 6.086) 6.173) 6.261| 6.350] 6.440| 6.531| 6.624] 6.718] 6.814| 6.911] 7.010) 7.108 7.209 
4-10) 3.3041 8.505] 8.676] 5.757] 5.840] 8.923] 6.008] 6.094| 6.182] 6.270] 6.360] Godel] GiB4a| 6.637] Gosaal Gime] Gloss] Scovel PLDT 7.229) 7.333 
4-15) 3-206| 8.677] 3.7591 $.849| 5.927] 6.013| 6.099] 6.188] 6.277| 6.308| 6.460] 6.553] 6.648] 6.744] 6.849] 6.040] SF Oa1| F149] F246 7.3001 Flas7 
4.20) 3-076 3-959 5.843| 5.928| 6.015| 6.102) 6.191| 6.281| 6.373| 6.466] 6.560| 6.656] 6.753| 6.851] 6.951| 7.052| 7.155| 7.259] 7.365) 7.472] 7.581 
4-25) 3-0e0| S.h4l| 5.927 6.014| 6.102| 6.192 6.283| 6.375] 6.469| 6.564| 6.661| 6.758] 6.858| 6.958| 7.061| 7.164| 7.270| 7.360| 7.485| 7.595| 7.706 
4-30 3 -737| 8.9231 6.0 :100| 6.191] 6.282) 6.375] 6.470] 6.565| 6.663| 6.761| 6.862] 6.963| 7.066| 7.171| 7.277| 7.385| 7.494| 7.605| 7.718] 7.832 
4.35) o-otg 8.006 6.096 8.187 6.279| 6.373 6.468] 6.564| 6.662) 6.762| 6.863| 6.965| 7.069| 7.175] 7.282] 7.390| 7.501| 7.613| 7.726) 7.842] 7.959 
4.40) 5-858| 6.089] 6.180] 6.278] 6.367] 8.463] 6.560] 6.659] 6.750] 6.861] 6.064] 7.060] Fees] Foss] 7 a0a1 7 808 7.616, 7.731| 7.848] 7.966) 8.085 
4-45) 8-079] 6.171] 6.265] 6.360| 6.456] 6.554, 6.653| 6.754| 6.857, 6.961| 7.006] 7.173 7.282) 7.392) 7.504) 7.618) 7.733) 7.851) 7.970) 8.090) 8.213 
£30) $160 6.255] 6.350] 6.447] 6.545| 61645, 6.747] 6.850] 6.954 7.000] 7.168] 7.278) 7 389| 7.502] 7.616] 7.732] 7.850, 7.970] 8.092] 8.216) 8.341 
4a eee] 6.5581 6.485] o:bael 8.686] O:737| O.eael O:046| 7 Oba] Tt0r] Tiara] Taeal Poanel Poona] yoeael edaa| 5:2ee) 2-820) 8-202 8.341| 8.470 
= 8.323 6.421| 6.521] 6.629] 6.724| 6.898| 6.934] 7.042] 7151] 7.261] Tara] F488 7 .604| 7.722] 7.841] 7.963] 8.086) 8.211] 8.338) 8.468) 8.599 
"70 6.405) 6. f : ‘ : 8| 7.138] 7.249| 7.362| 7.477| 7.594 7.712| 7.822] 7.954) 8. .205| 8.332] 8.462) 8.594) 8.725 
4.70} 6.405) 6.505) 6.606) 6.709) 6.814) 6.920) 7.02 | 581| 7.700] 7.821| 7.943] 8.068| 8.195] 8.323) 8.454] 8.587| 8.722) 8.859 
4.75) 0-27 3 8.778 8.885 6.904 +905 aot? 7331 aaa +368 +684 +806 7990 8.055] 8.182] 8.311] 8.443] 8.576] 8.712) 8.850| 8.990 
48 6-er 8.757 6.864 6 oA 7.085| 7.197| 7.312| 7.428| 7.547| 7.667| 7.789] 7.913] 8.039 8.167 8.206 8.429 8.563 8.699 8.837 8-978) 9.121 
é ; . > (77 39| 8.020] 8. :279| 8.411] 8.5 '683| 8.822] 8.963) 9.102! 9.25: 
195 6.816] 6926] 7.037] 7.1511 7.266| 7.383] 7.509] 7.623] 7.246| F801] 7.008) 8.127 8.258 8.301) 8.527] 8.664) 8.804) 3.946 9.090) 9.236) 9-385 
BY : ; : : ‘ 74| 8.104) 8.235] 8.368, 8.504] 8.642] 8.782| 8.925] 9.070] 9.217) 9.366, 9.5 
5.00, 6.899) 7-011| 7.124) 7.240) 7.357/ 7.477] 7-598) 7.721) 7.847| 7-974) 8.104) 8.235) 8 368| 8.504| 8.642) 8.782) 8.925) 9.070 9.217/ 9.366 9.518 
5.05, 6-982 7.095) 7.211) 7.329) 7.449] 7.570) 7.694) 7.820 7.947) 8.077) 8.209) 8.343) 8. 79| 8.617] 8.758] 8.901| 9.046) 9.104) 9.344) 9.497; 9.652 
213) 7-048 +386 +386 +508 +632 7 O88 B86 8 Oly 8.1491 8284) 8421 8.560 8.590) 8.845 8.991 9.140 9.201) 9.444 9.600) 9.759| 9.920 
‘oo! 7. j ; : : "852| 7. 251| 8.388) 8.527) 8.669] 8.813] 8.960} 9.108] 9.2 414) 9.57 .729) 9. 055 
5D Fan 4337 a eet 7-688 +816 7947 3 OB S218 Het 8 408 eH 8.778 rete 9.074) 9.226] 9.380] 9.537| 9.697] 9.859/10.023 10.191 
330 7308 4538 7.649| 7.778| 7.909| 8.042| 8.177] 8.314| 8.454| 8.596| 8.741| 8.888 9 .037| 9.189] 9.344 9.501 9.661) 9.823] 9.989/10.156 10.328 
30) 72: . : ; ‘ 17 556 8.7 -848| 8.998] 9.150) 9.305] 9.462] 9.622] 9.785) 9.950)10.119110.2 .46 
3-40, 7.360] 7.695] 7.826] 7.959] 8.094| 8.232] 8.372] B8.514| 8.650] 8.800) 8.056) 9.108] 9.2631 9.421] 998i 9.744) 9.910 10.078 10. 250)10.424 10.601 
40) 7. : "1871 8397| 8.47 2) 9.064) 9.219] 9.377) 9.537] 9.700] 9. -035 10.206] 10.381|10.558 10.7: 
5a T-Tanl Toon] BO05] San] Sapo B:aael Seon] O7ia] Sane] O.on7] 9 172] 9 .2a0] Bo aeel Donel Olanal OB aeelie coelie ‘aealie auaine eeniieant 
6.50 7-70 4 Ooe 8 092 3232 8 374 8 519 8 666 8 816 3 068 9.123 9 281 9 441 9 605! 9.770] 9.939]10.111|10.286|10.464|10.644 10.8281 .016 
2-80, 7/904) 8.041| 8.181| 8.323| 8.467] 8.615] 8.764| 8.017] 9.072] 9.229) 9.300] 9.553] 9.719) 9 . 885/10 .059/10 .234/10.412/10 597|10.777/10.965/11 .155 
“988! 8. "414| 8.5 i ; 75| 9.3: -499| 9. :833/10.005/10.180]10.358/10.: 910/11. .295 
5.65) 7 oe 8 218 3°350 3 506 S855 8 807 8 962 9110 9.279 Herts 9608 ete 9 oal10-1 28110 301 10.482/10. 11 .044/11 .237/11.435 
3.70) eos8| 8.305] 8.440] B:eo8 8.750| 8.904| 9.061| 9.221] 9.384) 9.549| 9.718| 9.889110.064|10.241/10 422110 .606| 10. 11.177|11 .375 11.575 
oot 8-300] 8.530 $690] 8.844) 9.001 9.161| 9.323| 9.488] 9.657| 9.828|10.002|10.179|10.360/10.544|10.731|10.¢ 11.312)11.512 11.717 
$-S 3 :ia0 8 477 “$28|'8. 82| 8.939 9.098) 9.260| 9.425, 9.593] 9.764| 9.938|10.115|10 .295|10.479|10.666|10.856/11. .246/11.447/11.651 11.858 
5.28) 3-2) Saal 4 Tae 8875| 9.034| 9.195! 9.360] 9.528] 9.608! 9 |872|10 .049| 10.229] 10.412| 10.598 10.788/10.981/11. 1.378 11.582/11.789 12.000 
5-00) BeOS ess] 8.80 8.967| 9.129] 9.293! 9.460] 9.630] 9.804| 9.980|10.159/10.342110 528|10-718110.911 11.107|11 307/11 .510 11.717|11.928 12.143 
Oo eoal 8.741] 8:800| Sood Diaaal Diaee 9.560| 9.733| 9.909|10.088)10.271|10.456|10.645|10.838/11 .034|11 .233/11. 1.643 11.854 12.068 12.286 
6-05, 8.672| 8.829] 8.090] 9.153| 9.319] 9.488] 9.661] 9.836110,018 10-197 |10.382|10. 971 10.763|10.958|11.157]11.360/11. 1.776 1f .990 12.208 12.430 
6.05 ae :918| 9.080] 9.246] 9.415] 9.587] 9.761| 9.940/10.121|10.306| 10 .494|10.685|10 880 11 .079/11 .281|11 .487|11 .606|11 .910 12.127|12.348 12.574 
10) 6 eal 9008! 8. 71| 9.339] 9.511] 9.685] 9.862'10.043|10.227/10.415,10.606|10.800|10.998/11 .200/11 .405]11 .614111. 2'044|12.264 12.489 12.718 
ae 9.008 9262 9433 9007 9.783] 9.964 10.147|10.334|10.524/10.718110.915/11 116/11 .321/11 .520/11.742/11 .958/12.178 12.402112.631 12.863 
82) 8-Oi7] 9:184| 9.363] 9.596] 9.703] 9.882110, 066 10.251 {10-441 10.634 10-A30I11 OsTIIT  23sitt 4431 LT 654/11 .870/12. 2°313/12.540 12.772 13. 
6.25) 8 -toal 9.27 '445| 9.620| 9.799| 9.981/10.166 10 .355|10.548/10.744 10.943/11 .146|11 354/11 .564/11.779|11 .998|12 221/12 448 12.679 12.915 13.155 
630 O90 9.362 9.536 9. 4| 9.896|10.080 10.268) 10.460|10.655|10.854/ 11 .056)11 . 262/11 .473/11.687|11.905|12.127 12.353 12.584/12.818 13.057 13.301 
6.35) oor] 8.481 9628 9:8 9.992 10.179] 10.370|10.564|10.762110.964|11 17011 .379|11 .592111 .809|12,030|12.256 12. '1271912.958 13 .201/13.448 
8.45) 9.364] 9.540] 9.720) 9.903 10.089|10.279|10 472/10 .669|10.870|11 .075/11 .283/11 .495|11 .712/11 .932112.157|12.385 12. |12.856)13.098 13.344 13.695 
50| 9.451| 9. ‘ "997|10.186|10 378 75|10.775|10.978| 397/11 .612)11 .832|/12.055/12.283]12.515 12.752/12.903|13 .238/13.488/13.74: 
$ oo) o -5s0 9.790 9.904 0.092 /10 283|10.479110 STTHLO SSOIL1 Ose IIL 2O7ILL STALL 720/11 Oesli2. 1 POL Atolls O4el12. BeslS 1o0lL3 SeBILS Ose 1s BOL 
635 eos! 8 996 1018711 "381|10.579|10.780|10.986|11 .195|11 .408|11 .625|11 .847|12 073/12 .303/12.537|12.776 13.019|13 .267|13 520 13.777 14.040 
8.65 9-714| 9.900 10 039] 10 282 10: 478/10 670 10. 489111 O9t|11 "803 11 830 11 -740|11 {965)12: 103/19 420)12:864|19 000 13.153 13 40518002 13098 14.180 
‘70! 9. : "182!10.377110.576,10.779| 6/11 197)! 2 32/11 .855)12.083/12.315|12.551/12.792]13 038,13 .288/13.543 13.803 14.068 14.3: 
6.70| 9.901) 9.900 10 27altO a7 sILO OvalLO SaUlee copolLd BOT SoTlLL TadlLd OvOlLa-Dorlte asoll2 Ovalta Seite TOolLe aceite woe 13 946 14.215 14.489 
6.80 9.977 10:170|10.367|10.668|10. 772110. 081 11. 19311 -Al OIL 631 11 -896|12 085 12-319112so8l12. 801 13 aot aot 13 .559/13.821/14.088 14.361 14.639 
“Orlag’ : “460'10 663110871111 082111297111 .517111.7 112.5 2.438/12 .680/12.926/13.177|13 .433 13 .694/13 .960 14.232)14.508 
SSolto 16a 10.381 10553110. 750/10: SODItT -se31t apaltt ood {i “a50l12_081 (12.31 7112 .oBy112 Spelid Osclis 306 13.566 13.830 14.100 14.375114.656 14 941 
6 aolt0, 2eatt0. 442 10.647 10. BSI11 068 11 284/11 .05/11.731 11 1960/12 .194|12.433|12.677|12.925|13.178|13 .436113 .699 13 967/14 240 14.519|14.803 15.093 
oOo 1O 38010 B33lz0. 4011 $ Tid, 67/11 .386|11 .610|11 .838|12.071/12.308|12 .550,12.796'13 048/13 304/13 565/13 832 14.104114.381 14.663 14.952 15.245 
105 19.830}10.533 10:3 nite ee 127181|12.421|12.666!12916'13 171/13 .431!13 .695|13 .965\14 .241|14.522'14 808/15 .100 15.398 
+0 10.508 10-716 10.O98I11 144ltt -36Sitt SoOlLE S10 12:053|12 | 292/12 .535|12 783/13 036/13 204/13 .557|13 .826|14 .099| 14/379 14 .663|14.953 15.249 15.551 
-10.10. eee Seo Lt - LA8i11 .SG5/11 50011. ¥ 403/12 .649|12 3.157|13.418|13 .684'13 956) 14.234 14.516 14.805|15 .099|15 .399 15.705 
43010; 686 1080011 -116.11 /338I11 .864 11.794 12.020|12.260| 12.14/12. 763113018113 277118 .$49113-8121 Ld 087/14 .368|14.655|14.947|15.245 15.549 15.859 
138 10-775110, 99017 '210)11 .434/11 .663/11 897/12. 135/12 .377|12.625'12.878|13 .135|13 .398113 .666|13 .940'14 .219|14 503/14. 793/15 .089| 15 .391/15.699 16.013 
730 10.8641 082111 _BOSIL1 -S3II1 TeSITT OOOlTS. 2a0l12. aBolLS: 37|12.992|13 253/13 519/13 .791|14 068114 350| 14.638 14 932/15 .232|15.538/15.850 16.168 
3 10, O83I1L. 74/11 .399|11 .629|11 .863/12.102/12.346 12 .595|12848'13 .107|13 .371|13 .641/13.915|14.196|14 482/14 .774 15 .071|15.375| 15.685 16.001 16.323 
2 1 Gaal 2eely 494] 11 726/11 .963/12 . 205/12 /452|12.704|12 960 13 .222/13 .490|13 762/14 .041|14.324'14 614/14 910,15 .211 15 .518|15 832/16 .152 16.479 
rst ae He 11 SB9ItT 82 112 "063'12.308 12 558/12 813/13 073/13 .338|13 608/13 884 14 _166|14.453/14.746/15.046 15.351 15 .662|15 .980 16 .304'16 .635 
Sean ingest allt Oo1lta: 16sita ale 12.664/12.922|13 185 13 .453|13.727|14 .007|14 .292114 .583\14 879/15 .182115.491/15 .807|16.128 16.456 16.791 
Sater tt 543 tt 778 12019112 265 12.515'12.771/13 .032|13 .298|13 .569|13 .846|14.129'14.418/14.71215.012'15.319115 .632 15 .951/16. 277/16 .609 16.948 
100 11 403111 63: RR IER THESE HIER TUTE ETE en 13 .410|13 .685|13.965|14 .252/14_544)14 842'15 .146|15.456|15 . 773/16 .096|16 .426|16. 762 17 .106 
7.65 11 .492/11 - 728111 _969|12.216|12. 466|12.723|12 984113 _2o1|13 623 13.801 |14.085| 14.375 14.670115.006|15.279|15.904115.914 16 241/16 .575|16.916|17 .263 
770 Li .982{11 -821|L2-008| 12-314 (12.667 |12.827 113.001 1336113637113. 018) 14 205|14 .498|14.797|15.102'15 .413|15 .731/ 16.056) 16 .287|16.725 17.070 17 .382 
1.75 11 O73|11 .O14|12-161|12-412 12. 660112-031|L3.198I13.-471|13. 780 14.035] 14.325) 14.621 | 14.024 15. 2831155481 5.500 16. 533/16,875)17 .224 17.580 
7/80 11.768 Re ee pele 15 .363'15 .682|16.008 16.; :679|17',025|17 .378/17 . 739 
7°85 11. 112" 100|12.352!12 609/12 .872|13 .140/13 413/13 .693 13 .978| 14 .269| 14 .566| 14 869/15 .178/15.494'15.817|16. 146 16 483/16 82617 .176 17 .533 17 .899 
7°00 [1 944i12. 194|1 9. 448|12. 7OBI12. O7aII3. Das 13 521/13 .803|14 .092|14 .386|14 686 14.993 15 306/15 .626 15 .952'16 285 16.625 16 .973|17 .327 17.689 18.058 
7:95 12035112287 13 saalte:gorlts: oes 13 .349| 13 .629]13 .914| 14 .206| 14.504! 14.807|15.118 15.434'15.757 16 .088| 16 425/16. 769/17 .120|17.479)17 845 18.218 
8.00 12.126|12 380|12 .641)12.906|13 178/13 .454|13 .737|14 .026|14 .320|14 621 14 928 15.242 15.562 15.889 16. 223/16 .564 16.912 17 .268)17.631|18 .001 18 .37 
ne 
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Values of r2— 
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0.2 | 0.21) 0.22 0.23) 0.24 0.25) 0.26 0.27 ¢ 0.28 0.29 
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g 





. 2734 1.2875 
. 2780 1.2924 





. 2826/1 . 2972/1. 
. 2871.1 .3020,1.¢ 
.2916 1.3067\1. 
.2960 1.31141. 


.3004 1.31601. 
.3047 1.3206 
.3090 1.3251 
-3132 1.3295 
.3173 1.3339 
.3215 1.3383 
.3255 1.3426 
.3295 1.3469 
.3335 1.3511 
.3375 1.3553 
.3414 1.3594 
3453 1.3635 
.3491 1.3676 
3529 1.3716 
3566 1.3755 
3603 1.3795 
.3640 1°.3834 
.3676 1.3873 
.3712 1.3911 


.3748 1.3948 ¢ 


.3784 1.3986 1. y 
3819 1.4023 1.42: 
3853/1 .4061 1.4: 

‘ “3888 1.4097 1.4: 

.3922)1 .4133 1.4 

.3956 1.4169 1.4 


Pes hese 
NWOkSCIOC 


"4665 1.4923)1. 
.4693'1. 4953) 1. 
:4722 1 .4983)1. 


"4749 
4777 
.4805 
.4832 
.4859 
.4886 
4913 
4939 
.4966 
.4992 
5018 
5044 





bBag LS “3645 1. 
5368|1.5671)1. 
-5391|1 .5696 1. 
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APPENDIX 


> 


MATHEMATICAL DERIVATIONS 


Derwation of Equations (c) and (d): 


_PeVe _ Pa Ve 
ia ~ 
consequently, 
Ss fF, V. 
x  §6= oe * Ue 


Now, with adiabatic compression, 


Te ER ime 
Tu = Ve ‘ 





in which 
as 
at a 
therefore, 
ee: sina ( Va 
Zz =\=-) 


Compression, however, is not adiabatic ; heat is lost 
to the jacket, so that an exponent of smaller, value 
than k must be used; this is usually represented by n. 
Making this change 


T< Va roe l 
= o-) =r-"—'*— 


La 
and 
Pe = ( in ae 
— v—) Prey 
These obviously transpose into 
Tem To re*—! (d) 
and 
Pes Pa %e* . ce) 


Derivation of Equation (g): 


The number of heat units taken in during one suc- 
tion stroke is assumed to be equal to 


coin Me 
I+a 
and if the weight of the entire cylinder contents be 
represented by W, the heat units per pound of contents 
will be 
h Vs 

tev" (1) 
substituting this equivalent for H in equation (e) 
gives the equation 


hulvs 





Co (i +a) W = 7, — T-, 
which transposes to 
huvs 
Tx T. t 
" ree Cr(i+a)Ww (t) 


Equation (a) furnishes an equivalent for the prod- 
uct of C, W which is easier to evaluate in practice. 
Thus, equation (a) may be transposed into 

Pa Vu 


soils 78 7.Ce 





and 





C=G-Gae.( fr—s), 


Cr 


which reduces to 
- Cp 
cmc, (2-1), 
or 
tee =eCo (k—1). 


Substituting this equivalent for C, and transposing 
C, to get it with the W, produces the equation 


icites Pa Va 
or 778 Tu (k —1) 
Now substituting 
Pa Va 


778 Ta (k — 1) 
in the place of C, W in formula (t) above, for explo- 
sion temperature, gives: 
fT, Ta + oe m= t) nt x 7): 
This may be made more manageable by substituting 
the equivalent of ’, + V’, in terms of the compression 
ratio. Thus: 


Va Vo Ve * 
Now, 


so that 
Pat. 7 see 
— re 
Making this final substitution gives, for the explosion 
temperature formula, 





778(k—1)uhTa(1 7 ) 
ete (1 +a) Hu , 
which is identical with equation (g) when equation 
(h) is applied. 


Derivation of Equation (i): 


Applying formula (b) to the pressure increase of 
the combustion process, and representing the maximum 
pressure of combustion or explosion by P;, 


Pz Vz Pe. Ve 
— = 
and as the volume is practically constant, V, = V,. 
Consequently, 
Px “a 
“:.. a 


and this transposes to 


P. Tx 


P.= T. 





Accepting the equivalent of 7, given by equation (g), 
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dividing it by JT. and multiplying by P, gives the 
following: 








Kg Ta (1 ——. ) Pe 
Pere © a ~~. 
But, according to equation (b), 
P- Ta Va 
a >? eS 


so that 7. can be put in the numerator of the fraction 
and the two temperatures and pressures eliminated. 


And since 1 — = is already there and 


ce 


I 





rex (1- 


Te ) alia la 
the formula becomes: 
z= Pe+ Kg(re—t1). (i) 


The reader should not confuse k with the exponent 
n, but remember that & = C, + C, always, while n is 
always less than that. 


Derivation of Equation (m): 
The net work done on the piston per cycle is 


Px Ve— Pe Ve _ Pe Ve— Pa Va 





~== ft.-lbs. per cycle. 


Bef Be tI 
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and since V, = V. v7’, and yz = ber, 
Poa Pere oe Pea fare x ke = ft.-lbs. per cycle. 
Now, 
Per e= ae 
and 
Pare = oe ; 
consequently 
Ps — Per'e = P.(« sors 
and, correspondingly, 
Po — Pa re = Pe (1 an eetie 
Moreover, 
Vea. 


Substituting these three equivalents, the result is 


I ™ T 
| a oe. | Vv 
r-( ee * Za x ne 
—_—__ eats ema! fae f 
Be=— I Bem I ‘ 


= foot-pounds per cycle. 


which becomes identical with equation (m) upon sub- 
stituting K,.and , for the bracketed fractions. 




















TWIN TANDEM DOUBLE-ACTING GAS ENGINE AT THE MCKEESPORT PLANT OF THE NATIONAL TUBE COMPANY. THE CYLINDER BORE 


IS 32 INCHES AND THE STROKE 42 INCHES, THE ENGINE DRIVES A DIRECT-CURRENT GENERATOR, OPERATED IN PARALLEL 
WITH SEVERAL STEAM-DRIVEN GENERATORS. RUNNING ON BLAST-FURNACE GAS OF 80 TO QO B.T.U. PER CUBIC FOOT, 
THIS ENGINE DEVELOPS FROM 1600 TO 1800 BRAKE HORSE-POWER REGULARLY, WITH FREQUENT HEAVY 
OVERLOADS. THE COMPRESSION PRESSURE IS 180 POUNDS PER SQUARE INCH, ABSOLUTE. REGU- 

LATION IS EFFECTED BY VARYING THE QUANTITY OF GAS ADMITTED 
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MUST BE NEW OR 


‘“‘Graphoil” Steam-cylinder 
Graphite Cup 





To surmount certain difficulties which 
have prevented the general application of 
graphite and oil in combination for lu- 
brication purposes, the “Graphoil” steam- 
cylinder graphite cup herewith illustrated 
was designed to be connected with an or- 
dinary oil lubricator. The principle em- 
ployed permits the oil to be fed in such 
a way as to take up the graphite, at a 
point as close to the surface to be lubri- 
cated as is practicable, so that the graphite 
will be continuously carried to the point 
of delivery and the mixture allowed at no 
time to come to rest long enough for the 
graphite to separate from the oil. 

Fig. I is an exterior view of the cup 
and Fig. 2 is a sectional view. 

Referring to Fig. 3, which shows the 
graphite cup in connection with a sight- 
feed lubricator, A is the threaded con- 
nection to the lubricator through which 
oil is admitted to the cup, and B is the 
valved outlet, where the oil and graphite 

















“GRAPHOIL” GRAPHITE CUP 


are introduced into the steam pipe. At B 
there is a shank with a %-inch pipe 
thread on to which may be secured a short 
tube to extend into the steam pipe, so as 





to deliver the lubricant at the center of 
the column of steam and thereby avoid 
unnecessary distribution of the mixture 
over the interior surface of the pipe. 

As will be seen by reference to Fig. 2, 
the device consists of an inner and an 
outer cup separated by a steam space, 
which serves to equalize the pressure in 
and around the inner cup B, and also to 
prevent condensation in the latter. In- 
side the inner cup is an upright brass tube 
C open at the top and bottom and cut 
away on one side, where it is covered 
with wire cloth D. 

The graphite is placed in the inner cup 
B, after removing the filler plug A, and 


1 

= 
=| 
= 
3 
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SECTIONAL VIEW OF THE “GRAPHOIL” 
CUP 
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FIG, 2. 


rests in a compact mass around the tube 
C, with its upper surface exposed. 

The attachment is constructed entirely 
of brass, the exterior parts being castings, 
the brass cup B a piece of seamless tubing 
closed ‘at one end with a header, and C 
a small tube cut away as stated, and 
covered with brass gauze of 24 mesh, No. 
30 wire. At F are three holes surround- 
ing the oil inlet E, the purpose of which 
is to connect the space surrounding the 
inner cup with the cavity where the oil 
enters, to balance the pressure so that the 
oil will flow by gravity. 

When the “Graphoil” cup is connected 


INTERESTING 


with an oil lubricator the oil flows into 
the inner cup, passes over the surface of 
the graphite, taking up some of it, then 
goes through the meshes of the wire 











“GRAPHOIL” CUP IN CONNECTION 
WITH A LUBRICATOR 


FIG. 3. 


screen D and down the tube C to the bot- 
tom of the outer cup. From there it 
drains through the holes G into the pas- 
sage leading to the outlet H. Each drop 
of oil fed contains the right proportion 
of graphite, generally 1% per cent. 

These cups are particularly adapted for 
air compressors, locomotive cylinders, 
multiple-oiler systems, eccentric troughs, 
wipers, etc. 

The “Graphoil” cup is made by the 
Comstock Engine Company, of Brooklyn, 
New York. 





The Junge “‘ Water Back” 





This invention is designed for use in 
conjunction with traveling grates and 
serves to retard the movement of the fuel 
without interrupting the operation of the 
grate, until the fuel is completely con- 
sumed, or practically so, before discharg- 
ing into the ash-pit. The device really 
consists of a water-cooled wall, or body 
of metal with longitudinal pipe channels 
in it, and is to be located above and ad- 
jacent to the rear of the grate, its hight 
above the grate being adjusted by a hand- 
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operated lever. It can be normally so 
adjusted as to permit the free passage of 
ashes, and it can be readily raised out 
of its operative position to allow clinkers 
to pass under it. If desired, the boiler 
water supply may be led through the 
“water back” to cool the metal, at the 
same time heating the feed-water some- 
what, or a separate supply may be pro- 
vided for the “water back.” Herewith 
are shown diagrammatically two types of 
“water back”—the swinging, Figs. 1 and 
2, and the vertical-lift, Figs. 3 and 4. 

Fig. 1 is a vertical section taken length- 
wise of the combustion chamber. Fig. 
2 is a cross-section of the same, showing 
a front elevation of the “water back” 
with the water channels in dotted lines. 
The water back A is supported pivotally 
by means of trunnions C C from the side 
walls D D of the furnace. One trunnion 
extends through the wall and a lever F is 
keyed to the projecting end; G is a reach- 
rod pivoted at one end of the lever P, 
and extending to the front of the fur- 
nace; H is a hand-grip attached to the 
reach-rod G, J is a locking-plate attached 
to the buckstay of the boiler, and J J in- 
dicate a series cf locking notches in the 
reach-rod G, which are adapted to engage 
the locking-plate J, and hold the “water 
back” in the desired elevation above the 
grate. 

Fig. 3 is a vertical section lengthwise 
through the furnace. Fig. 4 is a cross- 
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may be raised or lowered by means of the 
hand-lever F. The “water back” may 
thus be locked in position by means of 
the latch G, which engages the proper 
tooth H in the quadrant J. 

For general use the swinging type of 
“water back” is preferred, but in case 
the middle boiler or boilers of a battery 
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Requisites of Roller Bearings—Il 


(Continued from page 148) 

Let us apply this result to the tapered 
roller bearing. In Fig. 17, where PQ 1s 
the diameter of contact of a circular sec- 
tion of a roller, P is the highest point 















































FIG. 4 


VERTICAL-LIFT TYPE OF JUNGE WATER BACK 


Pr 

































































FIG. 2 


SWINGING TYPE OF JUNGE WATER BACK 


section showing the “water back” in ele- 
vation; A is the “water back” proper, 
located above the chain grate B, The 
ends of the “water back” extend into the 
recesses C C in the side walls D D, and 
are supported by vertical rods E E, which 


are to be fitted with the device, the ver- 
tical-lift type is installed, as in such case 
the side walls of the furnace need not be 
pierced through. This device is made by 
the Junge Furnace Company, of Pitts- 
burg, Penn. 


for this circle. The driving velocity ar 
P of the outer raceway is double the 
velocity of O. Likewise, for any other 
circular section, P’ has double the velo 
city of O’. Let V and V’ be the velocities 
of P and P’, and wv and wv’ those of ( 
and O’. Since P and P’ (points of th 
single driving raceway) are rotating with 
PR and P’R’ as radii of rotation, we 
have 


V PR 


¥ "PR 
Likewise, O and O’ are rotating (for the 


instant) with OQ and O’ Q’ as radii of 
rotation. From this circumstance, we get, 


v= og 

, s@r, 
As V = 2 vand V’ = 2’, we may ther 
fore write 
PR (7 v\ OQ OP 

OQ OP 

The consequence of this is, that the line 
P P’,00O', OO’ and RR’ all intersect 
a single point.* 


7 


dl ieee ee 5 


*This depends on the following geometric! 
theorem: A series of straight lines, whi 
make proportional intercepts on two parall 
broken lines, all pass through a comm 
point. As the theorem, in this extended foru 
may not be found in the books, the followin- 
demonstration, practically the same as th 
contained in ‘‘Wentworth” for the restrict: 
form of the theorem, may be interesting. | 
the lines A A’, BB’, CC’ make proportion: 
intercepts on the parallel broken lines A B ‘ 
and A’B’C’. Denote the _ intersection 
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We have, then, the requirement for 
tapered roller bearings that the vertex 
cf the outer raceway shall be coincident 
with the vertex of the inner raceway. 
This point, as already indicated, is like- 
wise a point on the axis of the shaft and 
the axis of the roller. In short, this 
means that in any longitudinal section of 
a tapered roller bearing, the two lines 
representing the outer raceway, the two 
representing the inner raceway, the two 
representing the axes of the rollers, to- 
gether with the shaft axis, are seven lines, 
all of which pass through a single point. 


FIG. 


cone 


FIG. 


This may be clearly understood from Fig. 
18. From a mathmetical standpoint this 
is no requirement imposed upon a tapere: 
roller bearing and not upon a straight 
roller bearing. For, in the latter case, 
the point S is simply removed to infinity. 

Now a further characteristic of tapered 


1A’ and BB’ by X. Draw the straight line 





XC’ K. By hypothesis, we have 
AR BC 
ar Bader ee (1) 
A’ B B’' ¢ 
The triangles A BX and A’ B’X are sim- 
ilar. Likewise, BKX and BO za. 
rherefore, 
AB BY BK 
. ( B’ Xx }= “BC (2) 


Comparing (1) and (2), we have 





BC BK 
2 er ae 
Therefore BC = BK. This means that 0 








A 


ind K 


~. therefore, 


The line CO’ 
identical with the line KO’, 
vhich latter is known to pass through &X. 
And so on, for a more extended number of 
ines and intercepts. 


are identical points. 
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roller bearings is due to the fact of the 


taper of the roller. When a journal load 
is imposed, though no thrust is delivered, 
there will arise a thrusting pressure of 
the roller along its axis in the direction 
of its butt end. A moment's considera- 
tion will convince one of the existence of 
this individual end thrust. Of course, 
this thrust varies in amount with the 
load. But, in addition to this, the thrust 
is influenced by the taper of the roller itself 











P 
P 
fe) 
4 fe) 
=e - 
a: ’ 
a a 
a 
aoe R’ R 
17 
R 
R 
18 





and also by the inclination of the axis of 
the roller. This gives rise to a serious 
pressure—comparable with the load ordi- 
narily. If the bearing itself is subjected 
to a thrust, this individual end thrust of 
the rollers is, it will be granted, liable 
to very serious increase. 

It is necessary, therefore, to provide 
adequate means for the reception of the 
end thrusts of the rollers. This may be 
done by a rib or annular band integral 
with the inner or outer bearing ring. 
Such a rib is indicated at R, Fig. 18. 

It may be added, in closing, that the 
tapered roller bearing should command 
the serious attention of those interested 
in bearings for the reasons adduced in the 
December article, and which related to 
the variety of advantages peculiar to it. 





. 
Business Items 
The Dearborn Drug and Chemical Works, 
Chicago, Ill., has issued, as usual, a large 
wall calendar for the new year. 
The American Steam Gauge and Valve 
Manufacturing Company, Boston, Mass., is 


exploiting an outside-spring pop safety valve 
having the same characteristics as its special 
pop safety valve, with the exception that it 
has a outside spring and is built especially for 
high-pressure work. 





_ 


4/ 


An Allis-Chalmers steam turbine and gen- 
erator of 3250 kilowatts capacity, on normal 
load, constituting the largest electric-gener- 
ating unit thus far installed in the State, is 
now being placed by the Virginia Passenger 
and Power Company, in its Twelfth street 
station at Richmond, Va. 





“* Charlie '’ Martin 


The castaway, with fainting heart, 
Beholds the fading light; 

So we have seen our friend depart— 
Our day turn into night. 

God gave him grace to be a Man! 
Unselfish, helpful, kind. 

Such qualities, in earthly span, 

Are rarely so combined. 

In that great heart, self had no place, 
Our welfare was its care, 

And we, unthinking, saw no trace 

Of peril lurking there. 

But though our rank is cleft by 
The clay alone is gone; 

The Spirit, like an angel’s breath, 
Remains to lead us on. 


Death, 





The helping hand, the noble mind, 
The voice that rang so true, 
In mem’ry’s realm will live enshrined, 
Till Death has claimed us, too. 
J. M, 
° 
Miscellaneous 
Advertisements under this head are in- 
serted for 25 cents per line. About sia 
words make a line. 
Who manufactures crude oil engines? 
Please write Box 21, Powpr. If prices are 
right, good business will result. 


OWING to a mistake in our bindery some 
of the Power subscribers received a copy 
of the January issue of the American Ma 
chinist. On return of this copy of the Amer 
ican Machinist with your name and address 
on the wrapper we will send you the copy of 
Powkr of January 14, which you should have 
received. We will also reimburse you for the 


postage. Power, 505 Pearl St., New York. 
For Sale 

150 HORSE POWER tandem compound 

Corliss engine; in good order; 16 ft. fly 


wheel. F. W. Iredell, 11 Broadway, New York. 
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Alarms, High and Low Water 
Penberthy Injector Co., Detroit, Mich. 
Asbestos Materials 

Carey Mfg. Co., Philip, Lockland, Ohio. 


Bars, Cylinder Boring 
Underwood & Co., H. B., Philadelphia, Pa. 


Belt Dressing and Fillers 
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Columns, Water 

Reliance Gauge Column Co., Cleveland, 0O. 
Robertson & Sons, Jas. L., New York. 
Compounds, Boiler 

Hawk-Eye Compound Co., Chicago, Ill. 
Keystone Lubricating Co., Philadelphia, Pa. 
Stephenson Mfg. Co., Albany, N. Y. 
Compound, Lubricating 

Cook’s Sons, Adam, New York. 
Stephenson Mfg. Co., Albany, N. Y. 
Condensers 

Anderson Co., V. D., Cleveland, Ohio. 
Baragwanath & Son, Wm., Chicago, IIl. 
Coverings, Pipe and Boiler 
Carey Mfg. Co., Philip, Lockland, Ohio. 


Crank Pin Turning Machine 
Underwood & Co., H. B., Philadelphia, Pa. 
Draft Apparatus, Forced 

Sirocco Engineering Co., New York. 

Dry Kiln Equipment 

Ohio Blower Co., Cleveland, Ohio. 
Economizers, Fuel 

Green Fuel Economizer Co., Matteawan, N. Y. 
Ejectors 

Penberthy Injector Co., Detroit, Mich. 
Engines, Gas 

Buckeye Engine Co., Salem, Ohio. 
Engines, Steam 


Buckeye Engine Co., Salem, Ohio. 
Erie Mfg. & Supply Co., Erie, Pa. 
Ohio Blower Co., Cleveland, Ohio. 
Shepherd Engineering Co., Williamsport, Pa. 


Engine Stops 
Strong, Carlisle & Hammond Co., Cleveland, 
Ohio. ’ 


Hxhaust Heads 


Burt Mfg. Co., Akron, Ohio. 

Hoppes firg. Co., Springfield, Ohio. 
Loew Mfg. Co., Cleveland, Ohio. 

Ohio Blower Co., Cleveland, Ohio. 
Patterson & Co., Frank L., New_York. 
Robertson & Sons, Jas. L., New York. 


Feed Water Heaters and Purifiers 


Baragwanath & Son, Wm., Chicago, Ill. 

Erie Mfg. & Supply Co., Erie, Pa. 

Hoppes Mfg. Co., Springfield, Ohio. 

Loew Mfg. Co., Cleveland, Ohio. 

National Pipe Bending Co., New Haven, Conn. 
Patterson & Co., Frank L., New York. 
Robertson & Sons, Jas. L., New York. 
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Feeders, Furnace 
Ohio Blower Co., Cleveland, Ohio. 


Filters, Oil 


Burt Mfg. Co., Akron, Ohio. 
Robertson & Sons, Jas. L., New York. 


Fittings, Pipe 

Walch & Wyeth, Chicago, Ill. 

Floats 

Reliance Gauge Column Co., Cleveland, O. 

Furnaces, Forging 

Oteene. Carlisle & Hammond Co., Cleveland, 
0. 


Gaskets 

American Goetze Gasket and Packing Co., 
New York. 

Carey Mfg. Co., Philip, Lockland, Ohio. 

Detroit Leather Seeaaty Co., Detroit, Mich. 

Greene, Tweed & Co., New York. 

Gaskets, Copper 

American Goetze Gasket and Packing Co., 
New York. 

Gaskets, Leather 

Detroit Leather Specialty Co., Detroit, Mich. 

Gauges, Water 


Greene, Tweed & Co., New York. 
Penberthy Injector Co., Detroit, Mich. 
Reliance Gauge Column Co., Cleveland, O. 


Graphite 
Dixon Crucible Co., Jos., Jersey City, N. J. 


Grease 

Cook’s Sons, Adam, New York. 

Keystone Lubricating Co., Philadelphia, Pa. 
Stephenson Mfg. Co., Albany, N. Y. 
Heating and Ventilating Apparatus 
Ohio Blower Co., Cleveland, Ohio. 


Hose 

Myers & Bro., F. E., Ashland, Ohio. 

Lagonda Mfg. Co., Springfield, Ohio. 
Indicators, Gas Engine 

Trill Indicator Co., Corry, Pa. 

Indicators, Speed 

Starrett Co., L. S., Athol, Mass. 


Indicators, Steam 

Lippincott Steam Specialty & Supply 
ewark, N. J. 

Robertson & Sons, Jas. L., New York. 

Trill Indicator Co., Corry, Pa. 

Injectors 

Penberthy Injector Co., Detroit, Mich. 

Robertson & Sons, Jas. L., New York. 

Lubricating and Oiling Devices 

Cook’s Sons, Adam, New York. 


Co., 


Lubricators 

Greene, Tweed & Co., New York. 

Manzel Bros. Co., Buffalo, N. Y. 
Robertson & Sons, Jas. L., New York. 
Sight Feed Oil Pump Co., Milwaukee, Wis. 


Milling Machines, Portable ' 
Underwood & Co., H. B., Philadelphia, Pa. 
Machines, Pipe Cutting and Threading 


Curtis & Curtis Co., Bridgeport, Conn. 
Loew Mfg. Co., Cleveland, Ohio. 


Machines, Reseating ‘ 
Lagonda Mfg. Co., Springfield, Ohio. 
Micrometers 

Starrett Co., L. S., Athol, 
Motors, Water 

Lagonda Mfg. Co., Springfield, Ohio. 


Mass. 


Oil and Grease Cups 

Cook’s Sons, Adam, New York. . 
Keystone Lubricating Co., Philadelphia, Pa. 
Packing, Flange 

American Goetze Gasket and Packing Co., 


New York. 
Eureka Packing Company, New York. 
Greene, Tweed & Co., New York. 


Packing, Hydraulic 


Detroit Leather Specialty Co., Detroit, Mich. 
Eureka Packing Company, New York. 


Packing, Metallic ° 

American Goetze Gasket and Packing Co., 
New York. 

Detroit Leather Specialty Co., Detroit, Mich. 
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Packing, Piston 

Eureka Packing Company, New York. 
Greene, Tweed & Co., New York 

Underwood & Co., H. B., Philadelphia, Pa. 
Packing, Rod 

Eureka Packing Company, New York. 
Greene, Tweed & Co., New York. 

Pipe Bending 

National Pipe Bending Co., New Haven, Ct. 


Pipe Coils, Brass, Iron and Copper 
National Pipe Bending Co., New Haven, Ct. 
Planimeters 

Robertson & Sons, Jas. L., New York. 

Trill Indicator Co., Corry, Pa. 

Polish, Metal 

Hoffman, Geo. W., Indianapolis, Ind. 


Pablishers 

Hill Publishing Co, New York. 
Pumps, Boiler Feed 

Baragwanath & Son, Wm., Chicago, Ill. 
Pumps, Oil 

Burt Mfg. Co.. Akron, Ohio. 

Manzel Bros. Co., Buffalo, N. Y. 
Patterson & Co., Frank L., New York. 
Sight Feed Oil Pump Co., Milwaukee, Wis. 
Pumps, Power 

Deming Co., Salem, Ohio. 

Myers & Bro., F. E., Ashland, Ohio. 
Patterson & Co., Frank L., New York. 
Reducing Wheels 

Robertson & Sons, Jas. L., New York. 
Trill Indicator Co., Corry, Pa. 
Regulators, Damper 

Lagonda Mfg. Co., Springfield, Ohio. 
Robertson & Sons, Jas. = New York. 
Regulators, Feed Water 


Lagonda Mfg. Co., Springfield, Ohio. 
~— Carlisle & Hammond Co., Cleveland, 
oO. 


Regulators, Pressure 

Lagonda Mfg. Co., Springfield, Ohio. 
Robertson & Sons, Jas. L., New York. 
Repairs, Engine and Pump 
Underwood & Co., H. B., Philadelphia, Pa. 


Reservoirs, Oil 
Burt Mfg. Co., Akron, Ohio. 


Separators, Oil 


Baragwanath & Son, Wm., Chicago, III. 
Hoppes Mfg. Co., Springfield, Ohio. 
Loew Mfg. Co., Cleveland, Ohio. 

Ohio Blower Co., Cleveland, Ohio. 
Patterson & Co., Frank L., New York. 
Robertson & Sons, Jas. L., New York. 


Separators, Steam 


Baragwanath & Son, Wm., Chicago, III. 
Hoppes Mfg. Co., Springfield. Ohio. 
Ohio Blower Co., Cleveland, Ohio. 
Patterson & Co., Frank L., New York. 
Robertson & Sons, Jas. L., New York. 


Skylights 
Burt Mfg. Co., Akron, Ohio. 


Steam Heating Supplies 


Erie Mfg. and Supply Co., Erie, Pa. 

Greene, Tweed & Co., New York. 

Strong, Carlisle & Hammond Co., Cleveland, 
0. 


Tools 


Starrett Co., L. S., Athol, Mass. 


Traps 


Anderson Co., V. D., Cleveland. Ohio. 
Ohio Blower Co., Cleveland, Ohio. 
Reliance Gauge Column Co., Cleveland, Ohio. 


Valves 
Walch & Wyeth, Chicago, III. 
Valves, Automatic Cut-off 


Lagonda Mfg. Co., Springfield, Ohio. 
Valves, Check 

Greene, Tweed & Co., New York. 
Valves, Gate 
Greene, Tweed & Co., New York. 
Valve, Pop Safety 

Ashton Valve Co., Boston, Mass. 
Ventilators 

Burt Mfg. Co., Akron, Ohio. 
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Novel Electric Drive for Rolling Mills 


A Small Motor Drives the Rolls during the Passes by 
Utilizing the Stored Energy of a Heavy Fly-wheel 





The advantage of using a fly-wheel to 
store energy for future use is very 
clearly demonstrated in the new motor- 
driven 30-inch universal plate mill of the 
Illinois Steel Company at South Chicago, 
recently installed by the Westinghouse 
Electric and Manufacturing Company. It 
is the first application of electric motors 
to this class of work, and the units are 
the largest that have ever been used. 

The first step toward the solution of the 
problem was to find out the amount of 


tional area affected, so that the average 
horse-power required for the reduction 
of a given weight of material might be 
determined. Using these data as a basis, 
the next observations were with the re- 
versing type of mill, which is much more 
complicated in every way owing to the 
largely increased size of motors required 
and the fact that the application of fly- 
wheels direct to the roll shaft and the ope- 
ration of the motor direct from the power 
station are not practical on account of 





. 
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FIG. I. 
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power required for this service, as prac- 
tically no data were available on this 
subject, the usual solution being to install 
a motor of the maximum torque equal to 
that of the steam engine that would have 
been selected but the normal 
capacity of the machine very much in 
doubt. 

Many experiments were made, beginning 
with a non-reversing mill, by carefully 
indicating the engine, noting the fly- 
wheel speeds, the nature of the material 
being worked and the dimensions of sec- 


leaving 
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in transmission over the direct current. 

The investigations of the power re- 
quired for reversing rolling-mill work in- 
cluded continuous indicator diagrams and 
a careful study of speed variations; the 
movement of inertia of the system and its 
kinetic energy at any given speed were 
calculated and the power required for ac- 
celeration determined. From these data 
a curve was plotted showing the torque 
actually required at the surface of the 
roll for the various passes or for a given 
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the acceleration, retardation and 


the reversal of the rolls. 


rapid 
Figured in the 
usual way, it would have been necessary 
to install apparatus capable of supplying 
a maximum demand of 10,000 
the would 
very serious consideration. 

To make electrical driving feasible it 
is necessary to equalize the power require- 
ments from the central station; this has 
been done by the plan worked out in this 
case in connection with a high-voltage al- 


horse- 


power, and regulation be a 


ternating current, owing to its advantages 


AND A 


DIRECT-CURRENT GENERATOR 

Corrections 
to allow for the increased power required 
during the last passes, owing to the metal 
being cooler, were also made; but these 


reduction of sectional area. 


are less than might be supposed, owing 
to the smaller reduction of area at each 
pass than in the breaking-down passes 

when the metal is hotter. 
Fig. 2 shows the requirements for the 
30-inch plate mill, plotted in three curves; 
“BR” 


the torque curve, and “C” the horse-power 


“A” representing the speed curve; 


curve. The data upon which these curves 
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were based was obtained from steam-en- 
gine driven units and the time periods 
were carefully checked from actual oper- 
ating observation. Some of the facts 
brought out by these curves and by tests 
of the equipment are extremely interest- 
ing, and it is somewhat startling to learn 
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CURVES SHOWING REQUIREMENTS 
FOR 30-INCH PLATE MILL 


FIG. 2. 


that the acceleration from zero to full 
speed takes place in from two to five sec- 
onds; the material enters the rolls when 
they are at approximately half speed; 
current can be shut off from the motor 
and the rolling continued by the energy 
of the moving parts, so that the material 
leaves the rolls at half speed; the interval 
of time for handling the material be- 
tween passes varies from two to three 
seconds. 

The speed increases between the first 
and the last pass while the torque de- 
creases, so that the actual power require- 
ment is nearly uniform from start to 
finish. The number of passes required 
to roll the average plate is 13 and .the 
time for one cycle is 75 seconds. This is 
divided into a working period of 48 sec- 
onds and an aggregate of rest periods 
equal to 27 seconds, there being an inter- 
val of 2 seconds between passes. The 
horse-power ‘required varies from zero 
to 3400, and the average for the cycle is 
1170 horse-power. 

In the case of the 30-inch mill equip- 
ment the various problems have been 
solved by installing a direct-current sepa- 
rately-excited motor for driving the mill 
and using an equalizer in the form of a 





POWER 


motor-generator set with a heavy fly- 
wheel, inserted as a transforming device 
between the supply circuit of the mill 
motor and the central station, which sup- 
plies high-voltage alternating current. 

The equalizer set operates continuously, 
with relatively slight variation in speed. 
The field excitation of the mill motor is 
fixed while that of the direct-current gen- 
erator of the motor-generator unit is va- 
riable. With zero current in the gen- 
erator field winding the electromotive 
force of the armature is zero, and no 
current is supplied to the mill motor, the 
armature of which is connected perma- 
nently by heavy: leads to the armature of 
the generator. 

Current is supplied to the generator 
field winding from a separate supply cir- 
cuit, and passes first through very high 
resistanee; as this is cut out, the field is 
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current in the generator field circuit, 
which changes the direction of flow of 
current in the armature circuit of the 
generator and the mill motor. Thus the 
full control of the mill motor is obtained 
by means of a field rheostat which passes 
a current of less than 150 amperes. 

To facilitate the rapid reversal of the 
generator field magnetism the entire mag- 
netic circuit is built up of laminated steel ; 
and the field magnet is supplied with in- 
terpoles (punched with the field lamina- 
tions), and with an additional compensat- 
ing field winding located in slots in the 
faces of the main’magnet poles. The ma- 
chine is of the double-commutator type 
which provides a liberal capacity for the 
very heavy current required by the mill 
motor, and by permitting the use of a 
large number of bars the voltage between 
bars is reduced to a low value, facilitating 

















FIG. 3. ONE OF 
strengthened and the generator voltage 
is increased accordingly. The motor speed 
follows the variation directly and the 
amount of current which if takes will be 
governed by the torque required to per- 
form the work. The reversing of the mill 
motor is accomplished by reversing the 
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sparkless commutation under the disad- 
vantage of wide variations in field ex- 
citation. 

The main feature of the control is the 
automatic “slip” regulator which governs 
the speed of the motor-generator. A se- 
ries of pneumatically operated switches, 








February 4, 1908. 


controlled by means of magnetically ope- 
rated air valves, are used to insert re- 
sistance in the secondary circuit of the 
alternating-current motor, and thereby 
slow it down during the periods of heavy 
load; and also to cut out’ resistance, and 
bring the speed of the set to normal 
value during the light-load interval. 
The function of the fly-wheel on the 
motor-generator is to convert the varying 
load as nearly as possible into a uniform 
constant load; consequently the required 
capacity of the alternating-current motor 
of the equalizer set (and the power taken 
from the line) is determined by the aver- 
age load condition. The drop in 
of the motor-generator set ranges 


speed 
from 


er 
po 


FIG. 4. 


10 to 15 per cent. for the heaviest passes; 


and, in case the loads should be greater 
than that calculated, a further drop in 
speed is effected by the automatic-control 
apparatus just mentioned. 


EQUALIZER SET 
This set is shown in Fig. 1 and consists 
of an alternating-current induction motor, 
direct-current generator and fly-wheels 
cated between these machines, all 
ounted on a common shaft and on a 
mmon bed plate. 
The alternating-current motor has a 
mtinuous-load rating of 1300 _ horse- 
wer and will develop a maximum torque 
jual to three times the full-load torque. 
is a 25-cycle, 2200-volt, 8-pole machine, 


THE MILL MOTOR 
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with a synchronous speed of 375 revolu- 
tions per minute. No transformers are 
the votlage of the motor 
primary is the same as that of the central 
station feeder circuit. 

The fly-wheel is shown in Fig. 3. For 
reasons of manufacture and in order to 
keep the diameter as small as possible, 
it is made in two sections. Even with 
this arrangement, however, the peripheral 
speed, which is 250 feet per second or 
nearly 3 miles a minute, is hardly within 
a safe limit for cast steel, so the lamina- 
ted type was adopted. The total weight 
is 200,000 pounds, the diameter is 13 feet 
2 inches, the radius of gyration is 5 feet 
214 inches, and the fly-wheel effect is 


2/2 


needed, as 


2,660,000 pounds at 1-foot radius.. 

The wheel is made up of a sheet-steel 
rim and a cast-steel spider with double 
spokes of comparatively small sections, 
for the purpose of making the wheel more 
elastic than it would be with single spokes 
of equal strength. The frame of the spider 
is machined with dovetail slots and the 
thin steel sheets are punched in segments 
with tongues to fit into the spider rim 
slots. These segments are assembled with 
over-lapping joints; on the outside are 
heavy one-piece steel end rings, clamped 
to the laminations by means of through 
bolts. In reality very little strain comes 
on these bolts, as the thin sheet construc- 
tion gives a very high resistance to slip- 
ping with a comparatively light pressure. 
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To give an idea of the energy stored 
in this wheel and the efficiency of the 
motor-generator set, it requires 1200 kilo- 
watts for a period of five minutes to ac- 
celerate it to full speed, and the load, 
running light, is 200 kilowatts. 

The direct-current generator has a cor- 
tinuous rating of 3000 kilowatts or 4073 
horse-power at 600 volts and 375 revolt- 
tions per minute, and will stand 150 per 
cent. overload without injurious sparking. 


Mitt Moror 


The direct-current mill motor will safely 
carry a continuous load of 4000 horse- 
power at 575 volts and 150 revolutions per 





AND ITS CONNECTION TO THE ROLLS 


minute, and will stand a maximum of 
10,000 horse-power momentarily. As in- 
dicated by Fig. 4, it consists of two units 
with the armatures mounted on the same 
shaft and the field magnet on a common 
bed plate, forming a two-bearing set. Each 
half of the set is a 2000-horse-power 
motor. ‘The principal reason for the 
subdivision is to reduce the fly-wheel 
effect by using armatures of small diame- 


ter. The energy required for acceleration 
is thereby reduced, facilitating rapid 
reversing. 


The normal speed of the motor, with 
maximum field excitation of the genera- 
tor which supplies current to it, is 100 
revolutions per minute; higher speeds are 
obtainable by means of shunt-field control. 
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Technical Aspects of Oil as Fuel—V 


Construction and Efficiency of Oil Engines ( Daimler, Diesel, 
Haselwander ) Using Benzol and Other Low-priced Coal-tar Oils 





BY 


From the consideration of the technical 
aspects of oil as fuel for power genera- 
tion presented in the previous articles, 
it should be clear that of the low-priced 
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zol will be stable in the future and that, 
unless we allow the oil trust to get hold 
of the business, its price will also remain 
within commercial limits. 





























































































































FIG. 


fuels which are gained either as a direct 
or indirect by-product of the gasification 
of coals in gas-works retorts, in coke 
ovens or in gas producers, there are three 
which deserve foremost consideration, 
namely, benzol, brown coal-tar oils and 
hard coal-tar oils. Though we have seen 
that benzol is gained also as a by-product 
of the fractional distillation of coal tar, 
by far the largest quantity of it is ex- 
tracted from illuminating and coke-oven 
gas. According to Bunte, too kilograms 
of coal gasified in gas-works retorts yield 
30 cubic meters of gas, containing 938 
grams of benzol and 312 grams of toluol, 
and 5 kilograms of tar, containing 50 
grams of benzol and 4o grams of toluol. 
Of the total amount of raw benzol (1340 
grams) the gas, therefore, yields 93 per 
cent. and the tar 7 per cent. With the 
increasing adoption of the Welsbach in- 
candescent gaslight,.there is no harm in 
extracting from the gas, together with 
benzol, a great deal of its luminosity. Es- 
pecially will this be so with coke-oven 
gas, which in modern practice is most 
often used for heating and power : pur- 
poses. We can therefore rest assured 
that with the increasing application of 
by-product recovery coke ovens and by- 
product gas producers the supply of ben- 
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It must be remembered, further, that 
benzol is not fit for use in Diesel and 
other engines which belong to what we 
are prone to call the “continuous-combus- 
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tion” type, but that it can be used in the 
ordinary Otto-type oil engines, provided 
slight modifications are made.-. These 
modifications refer only to the carburet- 
ing or vaporizing part of the Otto type 
of engine, since the quantity of air re- 
quired for complete combustion of ben- 
zol is different from that for gasolene 
and other fuels. Also, the speed of flow 
of the aspirated air when passing the 
fuel-injecting nozzle must be greater than 
in the case of benzine, else an unburnt 
oily residue is apt to accumulate on the 
valves and igniters and interfere with 
the successful working of the engine. 
Fig. 35 shows a benzol carbureter as 
constructed by the Daimler Motor Works 
at Marienfelde-Berlin. It is specially in- 
tended for high-speed automobile and 
boat engines. The nozzle A, connecting 
with the float, sprays at each suction 
stroke of the piston a certain amount of 
benzol, the quantity of which depends on 
the depression, into the air. The main 
intake of the air is below the mouth of 
the nozzle at B. There is a secondary air 
supply at C, whence air can enter and 
mix with the benzol vapor. In order to 
effect and enforce an even better mixing 
of the fuel and air molecules the vapor is 
throttled through openings D. The position 
of the cone B relative to the other parts 
of the carbureter, and the size of the open- 
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ings C and D are so proportioned that by 
shifting the sleeve E, which is connected to 
the governor, higher up or down, the ad- 
mission of the main and secondary air 


February 4, 1908. 


upplies is regulated in correct ratio to 
ach other. Moreover, the admission of 
nixture to the cylinder is throttled, and 
wing to the fact that the amount of de- 
oression at the nozzle is also influenced, 
the mixture admitted is always ignitable. 
At maximum load, for instance, the 
sleeve or cylindrical slide E is raised, as 
shown in Fig. 35, and the throttle and 
secondary air supply ports are opened to 
their fullest extent; at the same time the 
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intake of the main air supply shows its 
maximum opening. At low loads, on the 
other hand, the influence of the low de- 
pression in the carbureter is somewhat 
compensated by the diminution of the 
main and secondary air admission open- 
ings. Since all regulating movements of 
the sleeve E are automatically caused by 
the governor, this arrangement lends it- 
self very well to use on motor vehicles, 
on account of the non-dependence of fuel 
economy upon the skill and good will of 
the driver. 

On a recent trial run made in Berlin, 
with benzol costing $5 per 100 kilograms 
(220 pounds), the cost per ton-kilometer 
ot a heavy truck car carrying 4000 kilo- 
grams (4.4 tons) load, running over a 

stance of 133 kilometers at a speed of 
18 kilometers an hour with a consumption 
of 27 kilograms (59.4 pounds) of ben- 


zol, came out as 1.143 pfennig or 0.27 
cent 
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Fig. 36 shows another vaporizing de- 
vice for benzol fuel, built by the Berliner 
Motorwagenfabrik in  Reinickendorf. 
When starting the motor the total amount 
of air is aspirated through the narrow 
channel A, passing the fuel nozzle B, in 
which the benzol is kept at constant level 


by the ordinary float device, at great. 


speed. In the same measure as the speed 
of the motor increases part of the air, 
depending on the growing depression, is 
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allowed to pass below the spring plate D 
through the channel C, in order to preserve 
as far as possible unchanged the ratio of 
mixture between air and benzol vapor. 
The carbureter is heated by exhaust gases. 

In a recent test a two-cylinder N. A. G. 
motor of 140 millimeters cylinder diame- 
ter, 170 millimeters stroke and 16 to 18 
horse-power capacity at 650 revolutions 
per minute, using an alcohol vaporizer, 
showed the following results with differ- 
ent fuels: 





Max. ,.. | Consum 
Fuel. Horse- -— Per tion Per 
power. a H.P.-hour 
Kilogram 
So. ere 15.27 722 0.674 
Gasolene...... 18.55 822 0.339 
Ps 5s4sc004 18.09 759 0.381 


Mr. Ullman, the representative of the 
Deutsche Benzol Vereinigung, in Gorlitz, 
Germany, to whom the writer is indebt- 
ed for much of the information here pre- 
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sented, has also succeeded in operating 
various other types of motors, from the 
small bicycle type to the largest stationary 
type, successfully on this novel fuel. Con- 
sidering that the price of benzol is only 
about half of that of gasolene and lower 
than that of alcohol, and that it renders 
practically the same amount of work as 
cleanly and reliably as these fuels, it is 
advisable that industrial circles also in 
this country should begin to turn attention 
to this fuel. 


DETAILS OF DIESEL 
ENGINES 


CONSTRUCTIONAI 


Since 1897, when the first engine of this 
type was brought on the German market, 
the construction of Diesel engines has 
undergone frequent modifications, affect- 
the most delicate parts of their or- 
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ganism and having to do with the regu- 
lation and admission of oil under pres- 
sure at various loads to the cylinder, and 
with the vaporizing device, serving to 
admix compressed air of higher pressure 
than that contained in the cylinder to the 
oil in the fuel valve. The pumps, also, 
and the modes of driving them, have un- 
dergone frequent changes within the last 
ten years, until the various builders of 
Diesel engines have now arrived at a 
state of construction which can be con- 
sidered standard for some time to come. 

All European firms employ the single- 
acting four-stroke-cycle type of engine 
and secure high capacities by combining 
two or three cylinders in one unit. Only 
one or two builders employ a_ special 
crosshead in order to get easy access to 
the pin. The working cylinder is open 
below and closed by a head above. All 
valves—exhaust, inlet, fuel and starting 
—are contained in the head. They are 
spring-closed cone-seated poppet valves, 
opened by means of cams on the-horizon- 
tal secondary shaft, running at half the 
speed of the crank-shaft. Both the cylin- 
der barrel and head are water-cooled. 
Oil is injected by a special oil pump and 
the quantity of oil delivery is regulated 
from the governor in various ways, as 
will be shown presently. A special air 
compressor, usually driven from the main 
shaft, delivers the oil spray into the com 
bustion chamber, where it is ignited by 
the heat of compression. In many cases 
the compressor is driven by an independ- 
ent electric motor. 

The figures on page 177 give detail 
drawings of Diesel engines as built by Car- 
els fréres, in Ghent, Belgium. The horizon- 
tal cam of the rocking lever which serves 
to actuate the fuel inlet valve, Fig. 37, 
consists of two parts, in order to avoid 
dismounting of the secondary shaft, when 
the valve is removed. The upper one of 
the two oil-admission pipes is provided 
with a try cock by which to ascertain, 
before starting, whether or not the sup- 
ply pipe is filled with oil. The atomiz- 
ing of the oil by the compressed air is 
done by several, usually four, perforated 
plates, set at a distance of several milli- 
meters one above the other. The holes 
are about two millimeters in diameter 
and are set out of line. Since the pres- 
sure of the air when passing through 
these holes in succession is very high, 
and the holes themselves fairly large, it 
is unlikely that the passages will become 
clogged up with oil residue, which often 
was the case formerly, when a series of 
layers of wire gauze was employed for 
atomizing purposes. 

Fig. 38 shows the cylinder-head from 
above, with all the valves and actuating 
levers and cam-shaft attached. The fuel 
and starting valves are located side by side. 
An eccentric sleeve is provided by means 
of which the fuel valve is kept closed 
when starting and the starting valve is 
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opened admitting compressed air from a 
tank into the valve chamber, and giving 


the starting impulses, exactly as in gas-' 


engine practice. An arrangement by 
which the inlet valve is also operated 
from the eccentric sleeve, through a spe- 
cially formed cam, makes it possible also 
to reduce compression to about 15 atmos- 
pheres while starting. The engine starts 
therefore very quickly; in the three-cylin- 
der combination only one of the three cyl- 
inders is started by compressed air, while 
the others draw in their regular charges 
and take up the cycle at once. 

Fig. 39 shows the air inlet valve, which 
is not water-cooled. It also shows longi- 
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overflow at the top. Fig. 41 shows the 
air starting valve with its cam and lever 
actuating mechanism. : 





Gas and Oil Engine Diagrams and 
Fuel Data—lll 


By Peter EYERMANN 





DIAGRAMS OF THE “DIESEL TYPE” 


In recent years the Diesel engine and 
others of similar type have been very 
successfully developed for burning heavy 
oils, all of them using no igniter and sup- 
plying the fuel after the piston reaches the 
end of the compression stroke. These en- 
gines were correctly called “combustion 
engines,’ and in comparison with the 
older “explosion” engines have to use 
very high compression, because it is de- 
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FIG. 14. 


tudinal and cross sections through the 
cylinder and piston. Lubrication is effect- 
ed while the piston is in the lower dead- 
center position, the oil entering between 
the first and the second piston rings from 
twelve points around the circumference. 
The oil chamber is formed by a groove 
cut around the outside of the cylinder 
liner and subsequently closed by a ring 
put on hot. The gudgeon pin is lubri- 
cated by means of a groove cut length- 
wise and connecting with the oil supply. 
Fig. 40 shows the exhaust valve, which is 
cooled after the Pawlikowsky method 
(see Power for February, 1906), a fixed 
tube carrying water down the hollow 
stem into the valve disk, whence it flows 


back again emerging through a stationary 





COMPRESSION LINE OF DIESEL OIL ENGINE 


sired to get the clearance space as hot as 
possible. Diagrams of this Diesel type 
are shown in Figs. 14 and 15. In the 
compression card the curve is based on 
tan, a = fan, fs = VY, using the 45 degrees 
triangle for development. The expansion 
line resembles very much that of a stand 
ard high-pressure superheated 
engine. The curves are based on a clear 
ance of 3 per cent., but larger clearances 
may be used, according to fuel and cir 
cumstances. 

Fig. 16 shows the usual increase of the 
compression pressure in four-stroke 
cycle gas engines, with the decrease of th 
clearance space. “Clearance” in this cas: 
means the clearance space in proportion 
to the piston displacement, not as a per- 


steam 
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ntage of the entire cylinder volume. It 
ay be seen from the area inclosed be- 
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usually will be located somewhere inside 
of this hatched field. For example, the 
throttling engine from which the dia- 
grams in Fig. 4 were taken gave about 
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miss engine, from which the diagrams in 
Fig. 3 were taken, gave an average of 100 
pounds compression, with about 21 per 
cent. clearance space. The gasolene-engine 
diagram with 70 pounds compression, Fig. 
3, proved to have about 32 per cent. clear- 
ance. To be sure of the real clearance 
space I usually fill the volume behind the 
piston, as quickly as possible, full with 
water and measure the water. Tle com- 
pressions upward from 225 pounds I cal- 
culated approximately. Any engine built 
on these dimensions will prove to give 
satisfactory results, of course extraordi- 
nary circumstances excluded; a very high 
degree of cooling will bring both curves 
lower down, while excessive heat will 
raise them. The throttling-governing line 
applies more to the larger engines, and 
the hit-and-miss line to smaller ones. 
Sea-level conditions will raise both lines, 
and higher altitude will depress them, of 
course. Further, the compressions of 
two-stroke-cycle engines will in general 
agree with Fig. 
good scavenging will decrease the pres- 


16 and only especially 


sure; but my personal experience on this 
type is not extensive. 

In conclusion I wish to impress upon 
the reader the fact that the main purpose 
of this article is to enable him to see how 
his practical experience may check with 
these theoretical diagrams, and to ascer- 
tain the reason for 


any non-agreement 


with me, as every well-founded opinion 
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FIG. 16. 


tween the hit-and-miss-and the threttling 
curves that the compression pressures 


120 pounds compression with a clearance 
space of about 20 per cent.; the hit-and- 


APPROXIMATE DIAGRAMS OF COMPRESSIONS FOR VARIOUS CLEARANCES 


published on this subject will help the 
gas-engine industry. 
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Water-column Connections 





By W. H. WAKEMAN 





The top and bottom connections for the 
water column of a steam boiler should 
consist of valves, pipe and fittings not less 
than 1% inches in diameter. They ought 
to be made as short and direct as possible, 
and another pipe should never be con- 
nected into them for the purpose of tak- 
ing steam or water out to use elsewhere, 
even if only a small amount is wanted. 

Fig. 1 illustrates a pair of tubular boil- 
ers fitted with water columns, the connec- 
tions of which contain valves to shut them 
off as required, but the real position of the 
steam valves is not fully illustrated, be- 
cause, owing to the arrangement of the 
stacks and other steam pipes, it is neces- 
sary for the engineer to go in between the 
two vertical pipes above the water col- 
umns to reach the steam-connection valves, 
and the space at this point is barely suf- 
ficient for a man of ordinary size to pass 
through; and when the fact that these are 
“live” steam pipes is considered, the un- 
reasonableness of the arrangement is ap- 
parent. 

These two 1%4-inch pipes are connected 
by a %-inch pipe, as shown, at the center 
of which an outlet is made for a steam- 
gage connection, also to operate a damper 
regulator. It will be seen that neither of 
these calls for the rapid use of steam as 
would be required for a pump, or any 
similar machine, the effect of which would 
be to reduce the pressure; still, this con- 
necting pipe made the indications of the 
gage glasses of doubtful value so far as in- 
dicating the true water level in the boil- 
ers was concerned. 

For illustration of this point the fol- 
lowing is interesting. The drip-valves on 
these connections are only % inch, yet 
when one of them was opened to blow 
down the column and remove sediment 
irom it, with fully three gages ‘o start 
with, water in the gage glass would only 
come down to the second gage-cock, 
where it would remain a few seconds, then 
slowly rise until the glass was completely 
filled. When the drip-valve was shut, the 
water would come down to three gages 
and remain there until the drip-valve was 
opened again, then the performance would 
be repeated. This action caused these wa- 
ter gages to be considered unreliable, al- 
though no serious fault was actually 
found in them when the drip-valves were 
closed. 

While searching for the cause of this 
trouble, the engineer proved that these con- 
nections were free from scale and sediment, 
therefore the unsatisfactory action could 
not be due to unequal areas of openings in 
the top and bottom pipes. This fault could 
not affect the water level within certain 
limits, but there is a point beyond which 
it is not safe to make one less than the 
other. 
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The %-inch pipe was taken out of the 
upper connections and the openings 
plugged, after which there was no farther 
trouble with the water gages, thus proving 
that it is a mistake to attach anything to 
water-column connections, except a steam 
gage, and usually it is just as well to lo- 
cate that somewhere else. 

In this and other cases valves have been 
located without any regard for the con- 





FIG. 2 
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piping is arranged as shown in Fig. 1? 
Crawling in between two vertical live- 
steam pipes, about 12 inches apart, and 
under a hot smoke-stack, or through some 
similar passage, is not a desirable job, con- 
sequently where it is necessary to do thi: 
in order to properly blow down a pair o! 
water columns, it will not always be don 
as frequently as good practice demands. 

In this case the drip-valves are locate: 
where they can easily be reached, but thei: 
use alone is not sufficient to secure first 
class results, for the following reason: I 
one of these drip-valves is opened, th: 
area through which water and steam art 
discharged is about 0.3 square inch, be 
cause what we ordinarily call a %-inch 
pipe is really 54 inch in diameter. If the 
valves in both connections are open, th¢ 
combined area of the pipes is 2.44 square 
inches, making the passages through which 
water and steam move more than eight 
times as large as the outlet of the drip- 
pipe, consequently the speed through the 
former is only one-eighth of the latter 
This is not good practice, especially for 
cases where bad water must be used, 

Fig. 2 illustrates a water column prop 
erly connected, with which good results 
can be secured. The top connection con- 
tains an angle valve that can be opened 
and closed without inconvenience, and the 
lower drip-pipe is full-size down to the 
sewer. When the engineer or fireman 
wishes to blow down this column, he 
opens the lower drip-valve, and then closes 
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venience of the engineer, resulting in in- 
¢ 
different service ever afterward. 


WATER CoLUMNS SHOULD BE BLowNn 
Twice DaAILy 
Every water column ought to be blown 
down twice each day (four times is bet- 
ter sometimes), but who would expect an 
engineer or a fireman to do this where the 








I 


the angle valve in the upper connection 
This causes water to flow out of the boiler 
through the pipes where sediment collects 
(if not properly blown out) at full speed, 
due to the pressure behind it, and if this 
does not dislodge the sediment it will be 
necessary to take the pipes down and re- 
move it by mechanical means. 

The upper drip-valve should then 


1 
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opened for a few seconds while the lower 
is closed. The upper is not as large as the 
lower, but it is sufficient to blow sediment 
out of the spherical chamber provided to 
catch it. Open the lower, close the upper, 
shut the cross-valve in the bottom con- 
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nections, as the desired results cannot be 
secured without them. 

Fig. 3 illustrates a water column fitted 
up without valves, but if a gage-cock or a 
float needs repair, the repair cannot be 
made until there is an opportunity to re- 















































FIG. 4 


nection, open the angle valve and allow 
steam to blow through the top connection, 
thus showing the condition of all of the 
pipes and valves. Shut the lower drip- 
valve, and open the cross-valve, which 
completes the process. 

The necessity for doing this every day 
is one of the reasons for advocating the 
location of valves in water-column con- 

















FIG. 5 


move all pressure from the boiler, and 
allow the water to run out, if the broken 
parts are below the water line. 

High- and low-water alarms are some- 
thing more than a luxury and should be 
kept in good repair. Hollow copper floats 
are not always durable when used under 
boiler pressure, but the writer has two 
pairs of them that have lasted nearly 14 








181 


years, and are apparently in good order 
yet. If all of them were as good as these, 
convenience in making repairs would be a 
small consideration; but three other pairs 
need much more attention, therefore it is 
very convenient to shut off the top and 
bottom connections whenever a new float 
must be put in, and by means of suitable 
unions take down the column, without re- 
lieving the boiler of either steam or water 


TESTING THE WHISTLE-VALVE FLOAT 


Another reason for blowing down water 
columns as described is that it tests the 
floats which operate the whistle valves. 
The most common defect found in these 
floats is that they become partly or wholly 
filled with water, although there is ap 
parently no way for it to enter. As a gen- 
eral rule a float fills gradually, therefore 
if due attention is paid to the matter, the 
engineer will notice that warning is given 
of approaching failure. When a float is 
new and in perfect order it is very buoy- 
ant, therefore when water rises quickly in 
the column and the glass gage, the whistle 
is shut off promptly, but when there is 
water in the float it rises slowly, hence the 
whistle blows longer and is shut off gradu 
ally, showing that the valve is closed slow- 
ly. If a new float is not put in, the time 
will come, and it may not be far distant, 
when the whistle will continue to blow un- 
til the column is shut off from the boiler. 

Again referring to Fig. 3, it will be 
noted that there is an extra pipe con- 
nected into the vertical pipe below the col- 
umn. This contains a check-valve and a 
globe valve, and it is used for filling the 
boiler when steam is down. Such an ar- 
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FIG. 6 


rangement is preferred by some engineers 
and there seems to be no special objection 
to it, except its homely appearance. How- 
ever, such a pipe could be connected into 
the blow-off, where it will answer every 
purpose and be much less prominent. Its 
use will then assist in keeping the blow- 
off pipe free from sediment. 

The chief engineer of a certain plant was 
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putting in a pair of tubular boilers, and 
when asked if he intended to put valves in 
the connections, he was not slow in de- 
nouncing the plan, adding that if he was 
obliged to put them in he would use a 


padlock and chain on each of them. See 
Fig. 4. 

It is not a difficult matter to take off 
a padlock when it is time to close a valve, 
and put it on again after the valve is 
opened, but why is such a device neces- 
sary? The reason given is that it pre- 
vents mischievous persons from shutting 
the valve when it ought to be open, thus 
making it possible to shut water in the 
column and cause it to show in the glass 
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the 
and 
are 
wa- 
ter in the column up to three gages, shut 
off the connections and draw all water out 
of the boiler without changing the indi- 
cations of the glass. It is possible to 
quickly ruin a boiler by building a fire un- 
der it at this time, or to continue a fire 
that was burning previous to closing the 
valves, but the real question is whether 
there is greater liability of burning the 
boiler with or without the 

Every 
proves 


gage when there is little or none in 
boiler. Let us investigate this claim 
see if it is reasonable. If the valves 
absolutely tight it is possible to bring 


valves. 

and fireman either 
the indications of his glass gage 
by his gage-cocks, 
If he tries a 


engineer 


or else he does not. 
gage-cock under the above 
conditions, he will at once 
that the column shut off because 
the pressure will quickly relieved 
and water will in the glass. If 


discover 
is 


be 


fall 
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he does not use the gage-cocks he may not 
discover the true condition of affairs until 
much damage is done, but even then it is 
not reasonable to claim that it would not 
have happened had there been no valves in 
the column connections, because water can 
be shut in the glass and kept there inde- 


pendently of what is in the boiler, by 
means of the water-gage valves. If we 


should follow out the reasoning presented 
by the opponents of valves in the top and 
bottom connections, we would have none 
in the water gage, then every time that a 
glass broke we would shut down the 
boiler, put in a new glass and start all 
over again, which would be both expensive 
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to the wire, but to the shorter length of 
the valve-stem exposed to view, hence thx 
use of a wire in this connection is of n 
value whatever. 

Fig. 6 shows another device for keep 
ing a valve open, consisting of a small ho! 
bored through the stem close to the stuff 
ing-box nut, when the valve is open, int 
which a short pin is inserted, thus prevent 
ing the valve from closing. If this pin i 
riveted (making it larger at the ends 
it cannot be removed quickly by any un 
authorized person, neither can it by the e1 
gineer in case of emergency, and it is n 
reasonable to suppose that he would tak 
it out twice each day to blow down tl 
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and inconvenient, therefore such .a plan 


would never be seriously considered. 


ANOTHER “SArety Device” 

Fig. 5 illustrates a so-called safety de- 
vice advocated by another engineer. It 
consists of two strands of copper wire 
wound around the valve wheel and the 
vertical pipe, as shown. It is a nuisance 
to such a contrivance twice each 
day and replace it, and the wire would 
have to be renewed about once a week, 
but the worst feature of the plan is that 
it adds little or nothing to the safety of 
the boiler. How long would it take a 
vicious person to unfasten this wire dur- 
ing the temporary absence of the engineer, 
shut the valve and replace the wire in the 
same position that he found it? Unless 
the engineer examined it closely he would 
see no difference in the device, and if he 
did discover the trick it would not be due 


remove 
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THE STEAMSHIP “CREOLE” 


fact alone is suf 

Of course it is pos 
sible to use a plain pin that could be quick- 
ly removed by the engineer, but it might 
be taken out just as quickly by anybods 
else who wished to close the valve, al 
though it would be impossible to replace 
it with the valve shut. 

If the engineer noticed the absence of 
the pin, it would indicate that the val) 
was shut, but it only requires a glance | 
tell whether such a valve is open or close 
without the pin, therefore it is of lit 
value. Boring a hole at this point wea! 
ens the valve-stem without correspondii 
benefit. 

Due consideration of the facts herewit! 
presented shows that valves are needed 
water-column connections, and their ado 
tion indicates that they are for practical 
use; consequently anything that mak 
them less useful is not approved. 


column, therefore this 
ficient to condemn it. 
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Turbine of the S. S. ‘‘ Creole” 


The accompanying section appeared in 
recent issue of The Navy. It shows the 
irbine to consist of a cast-iron cylin- 
irical casing divided by dished dia- 
i1ragms into seven separate compartments. 
each compartment there is a wheel 
hich carries on its periphery three rows 
of moving buckets, except for the first, 
which has four such rows. Between the 
revolving buckets are reversing blades. 
The steam, expanded in the first set of 
nozzles so as to convert one-quarter of 
its available energy into that of velocity, 
impinges upon the moving blades of the 
first wheel, where some of its energy is 
absorbed and its velocity diminished. 
Discharged by the first row of these 
blades at the diminished velocity into the 
first row of reversing blades, it is turned 
around and discharged against the second 
row of moving blades, where more of its 
velocity is absorbed, and the process is 
repeated until it leaves the discharge edge 
of the final row practically at rest and at 
the pressure of the first chamber. 
between the 
chambers expand the steam so as to con- 
vert one-eighth of its energy into velocity 
at each stage, and this velocity is absorbed 
by the wheel upon which the steam im- 
pinges, as in the first chamber. The 
wheels are all mounted on a hollow steel 
shaft carried by self-lining bearings. 
Where the shaft passes through the 
diaphragms they are provided with bronze 
bushings, having a small clearance, and 
where it passes out through the ends of 
the casing it is provided with 
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The nozzles following 


carbon 
stuffing-boxes, which prevents steam from 
leaking out at the head end, or air leak- 


POWER 
feet in diameter and their designed speed 
250 revolutions per minute. 

The construction of the blading is 
shown in Fig. 2. The blades are made of 
a special bronze accurately formed to the 
required shape by being extruded through 
a die and thus made into long bars. These 
are cut into lengths as required by each 
stage, and each length is notched or 
drilled through at the ends as shown at 
B. A number of blades are built up into a 
segment by casting on a composition base 
on the inner ends and a shroud on the 
outer ends as shown at C. In order to 
do this casting the blades are held in a 
sand with the projecting 
slightly as shown at A. After casting, the 
base and shroud are milled off true, thus 


core, ends 


completing the segment as shown at D. 

The ends of the blades fuse into the 
cast parts, thus making practically one 
solid piece of the entire segment. If any 
blade should not happen to fuse, the 
metal will flow into the notch or hole and 
effectually keep it in place. The extrud- 
ing process gives the blades a_ hard, 
smooth skin, which reduces steam fric- 
tion and effectually prevents wear and 
erosion of. the blades. 

The segments are held in the wheel 
rims by inserting the bases in rectangular 
grooves around the steel rims and calking 
the edges of the grooves. This calking is 
done by means of a pneumatic calking tool 
mounted on special adjustable pedestal, 
while the wheel is slowly revolved. 





Substitutes for Coal 


5. A. Holmes, chief of the technologic 
branch of the United States Geological 

















FiG. 2. BLADING OF 
ing in at the back end where a vacuum 
exists. The stuffing-boxes are supplied 
With steam in the space between the car- 
bon packing to prevent air leaking in and 
lowering the vacuum. They are also 
drained to the fourth-stage shell. There 
are two reversing wheels in the low-pres- 
sure end of the turbine, which run idle 
wi practically no windage in the 
vacuum when the vessel is going ahead. 
The entire turbine is 18 feet 6 inches be- 
tween bearing centers, the disks are 10 
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follows, re- 
garding possible substitutes for coal: 
“There will be in the near future a 
larger use of running waters for power 
and light development. 


Survey, recently spoke as 


There will also 
continue a diminishing development of 
heat and power through the use of wood. 
In the New England, Atlantic and some 
of the middle Northern states there will 
be some utilization of peat for similar pur- 
A limited future use of alcohol 
made from wood and barn products, for 


poses. 
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heat and power purposes is probable, but 
not certain. Petroleum and natural gas 
will long continue as large local, but in a 
measure temporary, contributors to the 
comforts and industries of the nation. 
And it is occasionally suggested that the 
heat of the sun may be stored from day to 
day in sufficient quantity for continuous 
power ‘development; but the suggestion 
has as yet too indefinite a basis to permit 
of its serious consideration in the present 
connection. Indeed, the sum of all these 
possible substitutes in the nation’s supply 
of heat and power and light cannot now be 
expected seriously to lessen the rate of in- 
crease in the nation’s enormous demand 
for fuel, and we must revert again with re- 
newed emphasis to the necessity of lessen- 
ing the waste and increasing the efficien- 
cies in the utilization of our coal supply. 

“The people of the United States con- 
sumed in the last year about 415,000,000 
tons of coal, besides large quantities of 
oil and gas and wood. The total cost of 
this fuel in the furnaces approximated $2,- 
000,000,000. The future growing scarcity 
of wood, gas and oil and the increasing 
cost of mining the coal as the surface 
beds are exhausted and the deeper ones 
must be reached will naturally increase the 
aggregate expenditure for fuel even faster 
than the tonnage increases, but the wel- 
fare of the nation demands not only that 
the future shall have a coal supply but 
that the cost of this supply be kept as low 
as possible. 

“We continue this enormous 
consumption of our fuel resources and at 
the same time perpetuate the supply of 
cheap fuels. The only solution of the prob- 
lem is that we must learn to use our fuels 
more efficiently. 
mous waste.” 


cannot 


We must stop this enor- 





Covering for Underground Steam 
Pipes 





Experience has shown that a good 
steam-pipe covering for underground use 
is made of two layers of non-conducting 
wood (white pine free -from all sap), 
bound together by steel wire and sepa 
rated by two layers of heavy non-con 
ducting paper. The insulating character 
of the covering is also greatly increased 
by the presence of a thin layer of air be- 
tween each layer of wood and paper. On 
low-pressure steam and hot-water pipes 
this covering, unlined, gives good results, 
but if it is to be used on high-pressure 
steam pipes, it should be lined with as- 
bestos, in which case, no matter how high 
the pressure of steam, no other covering 
or wrapping is necessary. 





The State of Pennsylvania employs as 
many inspectors to look out for her mines 
as are employed for a like purpose in all 
Ingland, Scotland and Wales. 
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Catechism of Electricity— 
XXXIV 


600. Are not flat copper bars sometimes 
used for switchboard conductors? 

Yes, they are very often used. On ac- 
count of the greater ease with which con- 














FIG. 169 


nections can be made to them and their 
adaptability for carrying large currents, 
flat bars are preferable to round ones for 
heavy work. A thickness of one-eighth, 
one-quarter, or one-half inch, the width 
being determined by the circuit-carrying 
capacity required, is convenient. 


601. How should flat bars be connected 
together? 

As shown in Fig. 169, where the bars 
a and b are connected at right angles to 
each other by the bolts c, etc. The bolt 
holes in the bar a should be smooth and 
those in the bar b threaded. 


602. How should flat bars be connected 
with round bars? 

By means of a lug c, Fig. 170, bolted 
to the flat bar a and clamped to the round 
bar b by means of a bolt e. Steel bolts 
should be used in electrical connections 
because when heated they do not expand 
as rapidly as copper or brass. 














FIG. 170 


603. Are tapered joints ever used in 
switchboard work? 

Yes, quite extensively; this form of 
connection being considered one of the 
best because the contact surfaces do not 
corrode or get dirty, and the connection 
does not easily work loose. 
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604. 
made? 


How should a tapered joint be 


As illustrated in Fig. 171. The wire 
a is soldered into a lug ¢ connected with 
a bar or lug b. One end of the lug c 
is tapered and fits into a tapered hole in 
the bar b. By turning the screw d, the 














FIG. 171 


parts b and c are drawn together, making 
good contact, provided they have first 
been ground to fit. 


605. What method is generally used 
when connecting large wires or cables? 

Large wires or cables are often con- 
nected by soldering lugs to them and then 
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because they are more easily insulated: 
they are also convenient for low-poten 
tial systems where the output is ver; 
small. When the amount of curre: 
handled is large, the cross-sectional are 
of the bars must necessarily be propor 
tionally large. Heavy bars are mo: 
easily made flat than round, and as it is 











FIG. 174 


also less trouble to install flat bars and 
they make better connections, flat bars are 
generally used when the buses are de- 
signed for heavy service. 


607. How are bus-bars fastened in po- 
sition behind the switchboard? 


This depends upon the position, which 














FIG. 172. 
bolting the lugs together, as illustrated 
in Fig. 172. The lugs should be bent and 
connected in such manner that all of the 
wires joined by them will be in the same 
plane; this enhances the general appear- 
ance of the connection, also. 














FIG. 173 


606. 


Bus-bars are heavy bars of copper 
used behind the switchboard to carry the 
entire current. They may be round or 
rectangular in cross-section, of dimen- 
sions to suit the conditions. For high- 
voltage switchboards, round bars are used 


What are bus-bars? 


USE OF LUGS FOR LARGE WIRES OR CABLES 


in turn devolves upon the plan of wiring. 
When the bus-bars are run horizontally, 
as is usually the case, they are attached 
to the uprights of the switchboard frame. 
If the frame is of wood they may be 
easily fastened by passing them through 
porcelain supports. Ordinary porcelain 
knobs are sufficient for low-potential 
boards, especially when the bus-bars are 
insulated. This method of supporting the 
wires is illustrated in 173. The 
grooves of the knobs d, etc., should fit 
tightly around the conductors b and ¢, as 
shown; that is, the knobs should grip the 
bus-bars well in order to hold them in 
position. Sometimes it is good practice 
to screw two knobs side by side below the 
bar, and then center a third knob ove: 
the other two, above the bar. 

The best plan, however, is to use cleats 
similar to that shown in Fig. 174. A 
cleat consists of two parts, a and Db; the 
part b is placed under the wire and next 
to the board, and the part a is placed 
over the wire and screwed to the part D. 
Cleats are made of white porcelain in 
All sizes; they may also be obtained in 
fancy designs, if desired. 


Fig. 
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Elevator—XVI 


Care of the Crane Horizontal ‘‘Pushing” Machine; Description 
of Automatic Stop-valve; Packing the Main Piston and Cylinders 





BY WILLIAM BAXTER, 


THE AUTOMATIC STOP-VALVE 
The automatic stop-valve of the Crane 
machine is shown in Fig. 177, the valve 
casing being in the center, the valve on 
the right-hand side, and the back head on 
the left, at D. The valve has only one 
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chine is made somewhat larger than is 
actually necessary to enable it to meet 
fully the requirements of the contract as 
to maximum lifting capacity and speed. 
When the machine is installed the stop is 
set, by actual trial, to give the proper car 
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tight-fitting piston, which is the smailest 
of the three seen at E. This piston has 
a cup packing that fits into a brass lin- 
ing fastened into the front head of the 
valve casing. To remove the valve from 
the casing the valve lever F, Fig. 169, is 
taken out by removing the center pin f, 
then the back head D is taken off and the 
valve, with the valve-rod, drawn out. The 
valve casing is placed on the side of the 
back cylinder-head in the position shown 
in Fig. 177, the flange around the outlet B 
being bolted against the cylinder-head. 
The flange around the inlet A is bolted 
up against the under side of the main- 
valve casing. 

Whenever it is desired to repack the 
main valve, the latter is removed by tak- 
ing off the back-casing head and discon- 
necting the connecting lever at the front 
end of the valve-stem. In the back head 
is a stop-screw to prevent the valve from 
moving too far backward if for any rea- 
son the pilot valve does not stop the flow 
of water at the proper time, as for in- 
Stance if it does not fit tightly, which -is 
often the case with pilot valves without 
cup packings. This stop-bolt is adjusted 


to permit the main valve to open just 
enough to lift the car with the proper 
velocity at full load, and even if the 
Operator should try to run it faster he 
could not. If this stop were not provided 
the car speed in most cases would be too 
great, because as a rule an elevator ma- 
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speed, and generally the car lever is pro- 
vided with stops also set for this velocity. 
The stop-bolt does not govern the open- 
ing of the main valve for the downward 
motion of the car, this being controlled by 
a stop on the car lever. 

The valve-gear of the Crane machine 
described in the foregoing is of the pilot- 
valve type, but many of these machines 
are provided with simple valve-gear and 
the operator in the car, by means of a 
hand rope or hand-wheel, moves the main 
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The main valve is located in the lower 
cylinder, the top valve being the auto- 
matic stop-valve. Looking at the left-hand 
end of the lower valve-rod it will be seen 
that it terminates in a rack into which 
meshes a pinion mounted on a shaft car- 
rying a hand-rope sheave on its outer 
end, as clearly shown in the end view, at 
A. The pressure water enters through the 
inlet B and follows the path indicated by 
the arrows to the outlet C, passing to the 
latter when the piston D is moved far 
enough to the left. The outlet C leads into 
the cylinder, therefore if the main valve is 
moved to the left the car will ascend. 
If the main valve is moved to the right 
far enough for the piston E to uncover the 
outlet C the flow of water from the inlet B 
will be shut off, the water in the cylinder 
will escape to the outlet F and the car will 
run down. Referring to Fig. 179, it will 
be seen that the top valve, which is the 
automatic stop, is controlled by the move- 
ment of the rod D, which is shifted by the 
stop-balls E’ and the shifting arm F’ at- 
tached to the traveling-sheave crosshead. 
If the rod D’ is shifted to the right, which 
is the case when the car is running up- 
ward, the upper valve pistons will be 
shifted to the left, and from Fig. 180 
it will be seen that this movement will 
carry the piston G over the inlet port B 
and thus stop the flow of pressure water, 
even if the main valve is not closed. If 
the rod D is shifted to the left, as it will 
be when the car is running downward, 
the top valve will be shifted to the right 
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valve directly. A machine of this type is 
shown in Figs. 178 and 179, the first be- 
ing a plan view, and the second a side 
elevation. The valve proper is shown 
on a larger scale in Fig. 180, which shows 
a section through the axis of two valve 
cylinders, together with an end view. 


and then the piston H will close the out- 
let F, so that water cannot flow out of the 
cylinder, and the car will stop even if the 
main valve is left open. These valves 
can be removed from either end of the 
valve cylinders, but generally it will be 
found more convenient to remove them 
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through the right-hand side, that is, on 
the side where the automatic-stop lever 
is connected, 

Is PAcKED 


How Main Piston 


The main piston of the horizontal pushing 
machine is packed by running the piston 
out to the end of the cylinder, where it 
can be easily reached. From this it will’ 
be seen that the packing is done while 
the car is at the top of the elevator well, 
therefore the latter must be firmly tied up 
to the overhead beams. To pack the pis- 
ton, the first thing to do after securing 
the car to the overhead beams is to re- 
move all the water from the cylinder, and 
from such piping as may extend higher 
than the cylinder, then close the valve 
in the pressure-water pipe, and in the 
discharge as well, if the discharge tank is 
higher than the cylinder. The first step 
when the valves are to be taken apart is 
to run the car to the bottom floor, remove 
_all the water as just stated, and then 
open the casings and remove the valves. 

In those crane machines which are pro- 
vided with pilot-valve gear, a strainer is 
provided to clean the water that passes 
through the pilot valve. The construc- 


m4 


aoe 


—p>P 


POWER 


The rollers for the support of the 
crosshead of the Crane machine are made 
in the form shown in Fig. 182, which is 
a cross-section parallel with the shaft 
they revolve on. As will be seen, the 
outer end is not open, except that at the 
center there is a hole just large enough 
to admit oil only. A small oil well is 
provided at the end of the bearing, but 
it is not advisable to run too much oil 
into this chamber, because it will run out 
at the rear end and thus only serve to 
accumulate and dirt between the 
guides of the machine. The proper way 
is to put in just enough oil to cover the 
surface, say I5 or 20 drops, as often as 
may be required. Generally, however, it 
will be found better to use grease, in 
which case the chamber may be complete 
ly filled. 

The rollers which support the lifting 
ropes revolve on a pipe, capped at one 
end and having an upturned elbow at 
the other, as shown in Fig. 183. Above 
the elbow is an oil cup D. There are per 
forations in the pipe under the rollers, 
as at E. The construction of the rollers 
is shown at F and F’, the first being a 
two-rope and the other a four-rope rol- 
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ler. It will be seen that the bore is en- 


tion of this strainer is shown in Fig. 181. 
Its body is a short cylinder, closed at 
one end and provided with a flange at the 
other. The actual shape can be under- 
stood from the section at A; the cover of 
the chamber is shown at B in the 
clevation and in the plan. The small disk 
I. forms the strainer proper and is secured 
in the cylinder A, at the location indi- 
cated by E’, being forced into place. The 
two pipes C and D, shown in the plan 
view of the head, are for the water to 
flow through, the inlet being the pipe D, 


side 


which does not project through the 
strainer disk. The outlet pipe C projects 
far enough through the head to pass 
through the large hole shown in _ the 
strainer disk FE. Wire gauze is placed 
over the disk FE. As the water enters 


above the disk E and passes through the 
strainer before it can reach the pipe C, 
when it reaches the pilot valve it is clean, 
zll the impurities being retained in the 
cylinder A above the strainer E; and to 
clean the device all that is necessary is to 
remove the cover B. A valve placed in 
the pipe D will stop the flow of water 
from the pressure pipe while the strainer 
is being cleaned. 


larged at the center, so as to catch the 
oil. In regard to oiling, what was said 
with reference to those shown in Fig. 
182 applies to these rollers. The oil. cup 
D can be made to swallow sufficient oil 
to flood the pipe A, and if this is done 
the front cylinder-head and the floor un- 
der it will soon be anything but neat. By 
using a little judgment these rollers can 
be kept properly oiled without dripping. 
If a rope roller appears to run hard it 
will probably be due to the clogging of 
the oil hole E, Fig. 183, and by removing 
the pipe and cleaning out the oil hole the 
trouble may be overcome. 

Each set of is provided with 
rope guards to hold the lifting ropes 


sheaves 


against the sheaves in case the ropes be- 
come loosened. The guards for the trav- 
eling sheaves support the ropes at the 
top and bottom, and those for the sta- 
tionary sheaves support them at the side 
as well as at the top and bottom. These 
guards consist of side frames, of the form 
shown in Fig. 184, and rods running over 
the faces of the sheaves from one side 
of the set to the other. The side frames 
are secured to the crosshead in one case, 
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and to the side frames that hold the 
sheaves in the other case. The two-arm 
guard frame B is for the traveling sheaves, 
and the frame A for the station- 


ary sheaves. By means of bolts passing 


is 
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through the small holes D D the frames 
are held in place. The guard rods that 
pass over the faces of the sheaves, con- 
sist of long bolts, which extend throug! 
the end holes E E, and pieces of gas pipe 
large enough to slip over the bolts. Th 
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pipes are of the proper length to fit between 
the two frames, the bolts being longer 
than the pipes; tightening the nuts causes 
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both bolts and pipes to be held firmly in 
place. 


THE CYLINDERS AND THE PACKING 


The cylinders of horizontal pushing 
machines are open at the front end and 


POWER 


ing put in, if it is likely to swell with 
water, and it should not be screwed up 
too tightly. As much care, if not more, 
is required in this respect with horizontal 
cylinders, because they are of larger dia- 
meter and therefore subject to greater 
strain from the water pressure and from 
the tightly compressed packing. These 
cylinders aré made thicker on account of 
their greater diameter, but their strength is 
certainly no greater in proportion to their 
size than that of the smaller vertical cyl- 
inders. There is no excuse for getting 
the piston packing of a horizontal ma- 
chine too tight, because the side of the 
piston from which the packing is done 
is always accessible. This being the case, 
the proper procedure when new packing 
is put in is to tighten it slightly at first, 
then put on the water pressure and make 
one trip, if the packing does not leak 
too much; then tighten the follower a 
little and make another trip; if still leaky, 
tighten it more, and keep on in this man- 
ner until it is perfectly tight. This can- 
not be done with a vertical cylinder. With 
the latter, as it is considerable trouble 
to take the cylinder-head off to tighten 
up the packing, it is necessary to depend 
upon judgment and try to make the pack- 
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are, therefore, liable to become filled with 
dust and grit, which should not be permit- 
ted to accumulate because it will in- 
crease the wear on the lower side of the 
cylinder and the piston. The packing will 
act as a cleaning agent and keep the sur- 
face apparently clean, but some of the 
grit will embed itself in the packing and 
cause it gradually to grind the metal 
away. If the machines are located -where 
there is much dust, a cloth cover should 
be provided to keep the dust out, while 
occasionally the cylinder should be 
swabbed out. This is not as easy as 
might be supposed, if the cylinder is long, 
as the cleaning must be done when the 
piston is as far back in ‘the cylinder as it 
will go, which brings the sheave cross- 
head so close to the open end that there 
is not much room to work in. By the 
use of patience and with a little ingenu- 
ity, however, the work can be done. A 
telescopic fishing rod will greatly facili- 
tate the work; in its absence a bamboo 
ro’ can be made effective. 

lhe same kind of packing is used in 
the pistons of horizontal machines as in 
vertical cylinders, that is, a soft square 
packing. It should be soaked before be- 
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ing tight enough, but not too tight, the 
first time. With both vertical and hori- 
zontal cylinders it is necessary to be care- 
ful not to get the follower ring screwed 
up farther on one side than on the other, 
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for if this is done it will cramp in the 
cylinder. To guard against this all that 
is necessary is to measure from some fin- 
ished surface square with the axis at the 
end of the cylinder and from a finished 
surface on the follower ring. 
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Air Supply to Furnaces 
By W. H. Boorn 


Some years ago a man in charge of a 
North of England blowing engine was an- 
1oyed at the drafty condition of the en- 
gine room. This he rightly attributed to 
the openings in the walls below the floor 
level and. he proceeded to board these up 
in order to cure the drafts and was only 
stopped in time to prevent the engine 
house from being shaken down by the ac- 
tion of the blowing tub. The act of this 
man was due to pure thoughtlessness. He 
could not see the air going into the blow- 
ing tub and did not realize that being in a 
walled room the air must come from the 
outer atmosphere and large openings must 
be provided for its entrance. But is not 
the same kind of thoughtlessness often 
characteristic of power-house design? A 
boiler house contains, let us say, twelve 
boilers each with sixty square feet of grate 
surface burning 25 pounds of coal per 
square foot per hour, or 300 pounds per 
minute. Assuming 18 pounds of air per 
pound of coal the supply of air required 
per minute will be 5400 pounds, or about 
70,000 cubic feet, say 1200 cubic feet per 
second. Allowing six feet per second as 
a proper velocity of flow this supply of 
air will require an area of opening of 200 
square feet, or a doorway 20 feet by 10 
feet if all the air comes in through a single 
end door, as so often is the case. 

It is bad practice to admit boiler-house 
air in too great a volume from one direc- 
tion, for the draft sweeps dust along and 
makes the house cold in winter, while 
leaving parts of it unventilated in sum- 
mer. 

An endeavor should be made to utilize 
the boiler draft to produce suitable ven- 
tilation of the engine room and other 
places, including the basement if there be 
one. Louvres on a boiler-house roof are 
provided with a view to ventilation up- 
ward, the idea being that the hot air will 
escape at the roof, fresh air entering— 
where? May it not be an error in de- 
sign to expect ventilation to be upward and 
outward? Whenever dirt is likely to be 
stirred up, as by the passage of men 
over dusty floors, the cleaning of fur- 
naces, etc., ought not air movement be from 
above downward? In such case provision 
of roof openings seems proper enough, the 
whole of the admitted air coming down- 
ward to the fires. 

If the louvres are to act outwardly by 
reason of the heat of the air in the boiler 
house, they cannot possibly do so unless 
very ample provision be made elsewhere 
for air to enter for the use of the fur- 
naces. A water-gage pressure of one- 
quarter inch will, it is said, produce a 
draft velocity of thirty feet per second, and 
the pressure corresponding to a flow of 
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six feet, or of three feet per second, is 
obviously very low as long as the en- 
trance passages are short. If roof louvres 
are to act there must be no serious- re- 
sistance to the entrance of air at other 
provided openings, or the “drag” may 
overcome the upward tendency of the hot 
air through the louvres. There is no real 
inherent upward tendency. Hot air can 
ascend through the louvres only because it 
is pushed there by heavier colder air 
pressing in from outside. And the weak- 
est spots in the whole boiler room, that is 
to say the places of least resistance, are 
those in direct connection with the hot col- 
umn of air in the chimney, to wit, the 
openings to the furnaces. The entering 
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hundred cubic feet per second per boiler, 
as in the case just assumed. So long as 
provision is made for the entrance of air 
it is questionable if there is any neces- 
sity for an open roof. It is certain, how- 
ever, that many an open-work roof de- 
vised for the escape of heated air is merely 
a fortunately left opening for furnace air 
supply. Dust is of course an evil to be 
avoided; hence the advantage of supplying 
air to boiler furnaces from above, with 
direct downward flow and a minimum of 
sweeping effect along the floor of the 
boiler room. When hand-firing is resorted 
to, the maximum of dust is to be found 
where the coal chutes from overhead 
bunkers discharge coal a few feet above 
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slight differences in the positions of 
boilers relative to the chimney would prob- 
ably cause some of the boilers to take an 
unfair share of the air. Good practice 
points rather to an excess of chimney ca- 
pacity and independent regulation of each 
boiler either by dampers at the back of the 
boiler, or by ash-pit dampers, or, better 
still, by a combination of both correctly 
manipulated. So few give sufficient at- 
tention to the fact that the combustion of 
bituminous coal is a compound process de- 
manding two separate and perfectly dis- 
tinct supplies of air, the one above, the 
other below the grate surface. If this 
point were better realized there would be 
fewer attempts to control the combustion 
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STEAM CONSUMPTION OF AIR COMPRESSORS 


air will tend first toward these points of 
less resistance. It will all escape this way 
until the velocity with which it must flow 
raises so much frictional resistance to the 
passage of any greater volume that an 
overflow can take place at the roof. This 
practically sums up the whole question of 
air supply to a boiler house, and with these 
points in mind should boiler-house de- 
sign be entered upon in respect of pro- 
vision for air. 

So far as the purity of air in the boiler 
house is concerned it does not appear ne- 
cessary to take any account of this. Apart 
from its dustiness there cannot be any- 
thing much amiss with the air in a room 
that is being charged at the rate of one 


the boiler-house floor and intermittently, 
the coal falling through a free space and 
its dust winnowing out. The coal heap 
on the floor should be up to the level of 
the discharge end of the pipe; then there 
will be no winnowing, but the coal will 
feed quietly and keep the heap supplied. 
It has been suggested that a boiler room 
should be air-tight, air being admitted 
through a specially regulated opening, by 
varying which the draft of every boiler 
would be controlled, but excepting the 
closed stokeholds of ships, into which air 
is forced at a pressure above that of the 
atmosphere, this has never been carried 
into effect, nor does it appear to one as 
likely to be altogether satisfactory, for 





in steam-boiler furnaces by means of flue 
dampers alone. Flue-damper regulation 
cannot well be employed to regulate draft 
below what corresponds to a_ half-inch 
pressure by the water gage. Any closer 
regulation must be effected by the ash 
pit dampers or trouble will ensue in the 
way of smoke. 





The production of denatured alcohol 
for the first six months of 1907, under 
the new law, was 1,774,272 gallons. The 
supplemental free-alcohol law will, it ‘is 
estimated, lead to a _ production of 
4,000,000 gallons for the calendar year 
The operation of the law reduced the 
cost of wood alcohol from 60 to 30 cents 
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STEAM CONSUMPTION OF AIR COMPRESSORS—SINGLE-STAGE COMPRESSION. 
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STEAM CONSUMPTION OF AIR COMPRESSORS—TWO-STAGE COMPRESSION. 
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Steam Consumption of Air 
Compressors 


The accompanying tables, which were 
recently presented in Compressed Air, 
were prepared by O. S. Shantz, of Detroit, 
Mich., to show the weight of steam re- 
quired to compress 100 cubic feet of free 
air to the various gage pressures listed 
either in single- or two-stage compres- 
sion. The tables are based on the va- 
rious steam consumptions per indicated 
horse-power per hour shown at the head 
of each column. The computations as- 
sume adiabatic compression in all the cyl- 
inders with a mechanical efficiency in the 
compressor of go per cent. 

The diagram on page 188 embodies every- 
thing in the tables. The steam consump 
tion for single-stage compression is rep- 
resented by the oblique lines which rise 
from the lower left-hand side, and the 
lines for two-stage compression start from 
the lower right-hand side. 

The method of using the tables is as 
follows: A steam consumption per in- 
dicated horse-power-hour is assumed 
based upon an understanding of the type 
of steam end of the compressor, the steam 
pressure, cut-off, vacuum, if condensing, 
etc. Under this assumed figure on the line 
opposite the required air pressure will be 
found the pounds of steam consumed per 
100 cubic feet of free air compressed. 

The tables will be found very useful for 
quickly making comparisons as to the 
amount of fuel consumed by the various 
types of air compressors, thus showing ap- 
proximately the expected yearly saving by 
the use of, for instance, a compound as 
compared with a simple machine. For ex- 
ample, a straight line compressor with a 
steam consumption of 30 pounds, single- 
stage compression to 100 pounds gage, re- 
quires 9.9 pounds of steam per 100 cubic 
feet of free air compressed. A com- 
pressor with duplex steam cylinders, at 
the same steam consumption, but with 
compound or two-stage air cylinders, re- 
quires 8.42 pounds of steam. A compres- 
sor with compound steam cylinders, non- 
condensing, with a 26-pound steam rating 
and compound air cylinders requires 7.3 
pounds of steam, while a high-class Cor- 
liss compressor using steam at high pres- 
sure with compound steam cylinders run- 
ning condensing with a water rate of 17 
pounds (including the condenser), and* 
with compound air cylinders, requires 4.77 
pounds of steam, or one-half as much as 
in the first example. 

The average man, however, thinks in 
pounds of coal rather than in pounds of 
steam. For the purpose of comparison 
it will usually be better, therefore, to re- 
duce deductions to terms of pounds of 
coal burned per hour or per day by di- 
viding the steam consumption by 7, since 
a fair evaporation for average conditions 
is 7 pounds of water per pound of coal 
burned. 
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The Bursting Strength of Flanged 
Fittings 


About four years ago the Crane Com- 
pany entered upon a series of tests to de- 
termine the average point at which 
flanged fittings of various sizes would 
burst under hydraulic pressure, by bolting 
blind flanges to the openings of the fit- 
tings and admitting water through a small 
opening in one flange. 

Each fitting was cast with a key num- 
ber for the purpose of identifying the 
date and heat for comparison with test 
bars run out of the same ladle. This gave 
a check against any fitting which might 
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BURSTING 


show strength or weakness beyond the 
average. The test bars were found, how- 
ever, to run very uniform, the variation 
in thirty heats being 20 per cent. between 
the highest and lowest bar and the aver- 
age variation being only about 5 per cent. 
As test bars cast from the same ladle, in 
the same mold, at the same time, will 
show a variation in strength, it was con- 
cluded to accept the average strength of 
all bars made for these tests, as the 
strength of metal in the fittings. 

The bars averaged in tensile strength: 
Ferrosteel, 33,000 pounds per square inch; 
cast iron, 22,000 pounds per square inch. 

The results of the destructive tests 
were as shown in Tables 1 and 2. 

Referring to Table 1, the average of 
all averages is as follows: Ferrosteel, 
2066 pounds per fitting; cast iron, 1263 
pounds per fitting. 

Ferrosteel fittings show stronger than 
cast iron 63.70 per cent. 

Ferrosteel bars show stronger than cast 
iron 50 per cent. 

For the purpose of more accurate 
comparison between the bursting point 
of fittings and the tensile strength of 
test bars cast at the same time, a few ex- 
amples of 12-inch extra-heavy tees are 
given, as shown in Table 3. 

With these tests as a foundation they 
suggest in the Valve IVorld the following 


Rute No. 1 


Thickness of body metal being known, 
to determine the bursting point: 
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T > 
+ X S=B. 


T = Thickness of metal. 

D=Inside diameter. 

S = 65 per cent. of the tensile strength up 
to 12 inches diameter; larger sizes 
use 60 per cent. 

B= Bursting point. 


For working pressure divide result by 
a factor of safety of 4 to 8. 
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Rute No. 2 


Bursting point being given, to determine 
thickness of metal. 
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TEES. 
n ® Boeaa Py ry 
qf |} eS | e945) & = 
Le of | MESS aE S 
_ oo = <a < 
a) fe 
— | - 
6 nA 2700 | 
6 a4 2500 1675 
6 M4 3000 2733 1700 1687 
8 3 2100 
8 $ 2250 
8 % 2250 
8 & 2100 
8 3 2500 1200 
8 3 2300 2250 | 1500 1350 
10 & 2200 
10 & 2200 1225 
10 % 2100 1300 
10 i 2000 1200 
10 id 2300 2160 1500 1306 
12 1 2200 
12 1 2100 1100 
12 1 2000 | | 1400 
12 1 2000 | | 1500 
12 1 2100 | 1450 
12 1 1800 | 2033 1450 1380 
14 1% 1900 | 
14 114 1750 =| 1825 1100 1100 
16 153, 1700 | 1050 
16 13, | 1700 1700 1000 1025 
18 145 | 1600 
18 1% | ~ = 1800 1450 600 600 
20 1\%5 1400 
20 15, 1150 | 1275 750 750 
24 133 1300 =| «+1300 700 700 
! | 
EXTRA-HEAVY FITTINGS—ELLS. 
6 A 2800 | 
6 ys 3500 | 2350 
6 MA 3500 3266 2200 2275 
8 ti 2700 1700 
8 13 2800 | 1600 
8 13 2800 | 1500 
8 13 2600 2725 | 1700 1625 
10 16 2550 1625 
10 1s 2000 1400 
10 15 2500 2350 1600 1541 
12 1 2000 1275 
12 1 2200 *900 
12 1 2200 2133 *700 1275 
14 1% 1700 . | .900 
4 | 1s } | 1250 1075 
16 13; 2100 | 1250 1250 
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TABLE 2. STANDARD CAST-IRON FIT- 
TINGS—TEES. 





| 





| Bursting 
Size, Body Metal,! Cast Iron, ii 
Inches. Inches. Lb. Per Aveunge. 
Sq.In. 
6 fs 1700 
6 1° 1500 1600 
x 56 1150 
10 JA | 1100 
12 13 700 
12 1g | 850 775 
14 | % 700 
16 = | 750 





STANDARD CAST-IRON FITTINGS—ELLS. 


6 2 2000 
N 3% 1500 | 
10 } Bf 1200 
12 13 900 
14 % | 900 | 
16 | 1 | 850 | 
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*Defective, eliminated from total. 
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OF FIFTY-TWO FITTINGS AND ONE PIPE 


The accompanying illustration is inter- 
esting as showing the results of tests on 
fifty-two fittings and one piece of pipe 








TABLE 3. 12-INCH EXTRA-HEAVY TEES. 





Tensile 
Burst Cast|Strength of 


Test Bar, Lb.| L700, Lb. | Test Bar, 


a Ténsile 
Burst Ferro- Strength of 


steel, Lb. 





| 
| 
Per Sq.In. ‘ails | Per Sq.In. Lb. Per 
Per Sq.In. | Sq.In. 
} — 
2,100 33,710 1,450 | *21,550 
2,200 32,600 1,500 | 22,190 
2,000 32,630 1,450 | 22,940 
2,100 34,070 
2,000 33,200 
1,800 31,730 | 
12,200 total | 198,080 total | 4,400 total 66,680 
2,033 ave. | 33,005 ave. | 1,466 ave. 22,226 








*Flaw in test bar. 


which were tested to the bursting point 
by hydraulic pressure. 





Electric Smoke Abating 





Electric air filtration is the idea of an 
English engineer, and is based on the dis 
covery that a body positively electrified 
by 100 volts or more will become covered 
with soot in a single day in a smoky 
atmosphere, while a negatively charged 
Locy remains clean. Inserting a sheet of 
wire gauze in the intake flue of a ventilat 
ing system and electrifying it by connect 
ing to a 250-volt supply main, the gauz: 
extracted a large quantity of soot fron 
the air—Canadian Electrical News. 





Don’t wait to put off tomorrow the ol: 
belt that should be put off today. 
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Practical Letters from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





WE 


HowjHigh Should a Boiler Be 
Placed above Grate-bars > 





Referring to the letter by Professor 
Kent, on page 17 of the January 7 num- 
ber, 1 think he should feel gratified that 

last furnaces are being constructed in 
accordance with the requirements of com- 
mon sense, although it must also be a dis- 
appointment in the fact that it has taken 
people so long to put into practice what 
they profess to believe, since by so doing 
they could not only save money but be- 
come better The boilers in 
Chicago, to which reference is made, have 


citizens. 


their 
standing monument, 
speaking for the possibilities of smokeless 
combustion. Notwithstanding their 
ample, many important plants have since 
Leen built which much smoke 
and waste a great deal of money in un- 
burned fuel. 


been operating for six years and 
chimneys are a 


cx- 


produce 


Professor Kent’s original plea was for 
greater distance vertically between the 
fire and boiler, but since that time a new 
principle of construction has been intro- 
duced, involving a horizontal rather than 
vertical distance, and requiring a tile fur- 
nace roof to be hung on the bottom tubes 
of the boiler, or its equivalent, so that in- 
stead of gases having a long vertical dis- 
tance to travel, the boiler is set reasonably 
low and the travel is from front to rear 
through a greater distance than would be 
economical and practicable if the setting 
were high. For example, to obtain a dis- 
tance of 14 feet between the fire and the 
hoiler, if the gas travel is in a vertical 
direction, would require enormously high- 
setting walls, very expensive to build and 
Maintain, which also would radiate away 
a very large amount of heat, while the 
horizontal distance requires but a mini- 
num hight of setting and accomplishes, as 
far as combustion is concerned, all that 
could be attained with extreme hight in 
vertical travel. 

Professor Kent calls attention to the 
great necessity of inducing people to be- 
lieve that smoke can really be prevented. 
[his is a very hard problem. In the 
\riter’s opinion, there is not a consulting 
or mechanical engineer of any importance, 
who pretends to keep in touch with the 
development in his profession, but who 
has had the fact that smokeless combus- 
tion can ke secured presented to him with 
silfcient evidence to cause its acceptance. 


PAY 


Notwithstanding this, hundreds of thou- 
sands of dollars are expended in work 
which is a failure as far as its smokeless- 
ness is concerned. 
A. BEMENT. 
Chicago, III. 





Explanation of Diagrams from 
Steam Cylinder of a Vacuum 
Pump 





A recent request for explanation of the 
indicator diagram from the steam cylinder 
of a direct-acting vacuum pump calls at- 


Secat< oael 


ting 





FIG. 2 
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FIG. 3 
INDICATOR DIAGRAMS FROM A 10 AND 24 BY 
24 HORIZONTAL, DIRECT-ACTING VACUUM 
PUMP 


tention to the fact that a great many oper- 
ating engineers are not very well posted 
as regards the action of these machines. 
A description of the action of the pump 
and an explanation of the peculiar-look- 
ing indicator diagram may be of interest. 

The diagram submitted for explanation 
is shown in Fig. 1 and was taken from 
the steam cylinder of a 16 and 24 by 24- 
inch horizontal direct-acting vacuum 
pump operating on a jet condenser. It is 
necessary to have a complete understand- 


FOR USEFUL 


IDEAS 


ing of the action in the water end of the 
pump before explaining the steam-card 
diagram. The water or “vacuum” cylin- 
machines has to 
handle not only water, but air and vapors 


der on one of these 
as well, and therefore the cylinder dis 
placement is made considerably larger 
than required for the amount of water 
used. The injection valve is throttled to 
such an extent that the amount of water 
entering the pump cylinder at each stroke 
is sufficient to only partially fill the pulsa 
tion chamber. 

In this particular case it is evident that 
the volume of admitted at 
stroke is equivalent to 


water each 
one-third 
of the piston displacement. The remain 
ing filled with air and 
vapors at a pressure corresponding to the 
degree of vacuum obtained in the cylinder. 
When the pump starts a stroke in either 
direction there is no discharge from the 
cylinder until the air contained 
therein has been compressed to a point 


about 


two-thirds is 


water 


where its pressure is enough higher than 
the atmospheric pressure on top of the dis- 
charge valves to force the valves open, The 
actual amount of air handled has a very 
smal] volume, when compressed to atmos- 
pheric and the discharge o% 
water from the pump practically begins 
when the pressure in the pulsation cham- 
ber the 


pressure, 


becomes sufficient to open dis- 
charge valves. 
The amount of work involved in com- 
pression of the air is very small and it is 
therefore that during the first 
part of the stroke of the pistons there 
is scarcely any resistance in the water 
end to power applied in the steam end 
of the pump. 


evident 


The work of the air com- 
pression amounts to so little that the load 
practically comes on suddenly at the point 
Prob- 
ably the indicator diagram from the water 
end would be about as shown in Fig. 3, 
where the abrupt rise of the pressure line 
will be noted. 

Upon observation of a pump in opera- 
tion it will be noticed that the pistons 
jump the first part of the stroke, or at 
any rate travel at a high speed. This, 
is due to the fact that there 
is practically no resistance to the power 
applied. 


where the discharge valves open. 


of course, 


The speed of the pump is such 
that the piston runs away from the steam. 
The admission is throttled as shown by 
the falling off of the steam line at A, 
Fig. 1. On the other side of the piston 
the exhaust cannot escape at a low 
pressure fast enough for the speed at 
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which the piston is traveling during this 
part of the stroke. The ports are small 
for this high speed and consequently the 
exhaust is throttled to such an extent that 
the pressure is kept up as shown at B, 
Fig. 1. When the load comes suddenly on 
the water end (as shown at X, Fig. 3) 
the pump almost stops, thus giving a 
chance for the exhaust to escape as shown 
at C, Fig. 1, and allowing the steam pres- 
sure to build up as shown at D, until the 
power is sufficient to overcome the load 
and carry the pump out to the end of its 
stroke. 

Perhaps the indicator diagram will be 
better understood if we transpose it so 
as to indicate truly the actual work being 
done in the cylinder at any point of the 
stroke. It is well to bear in mind that 
the actual diagram as made by the indica- 
tor does not give a true representation of 
the work at any point. In Fig. 2 I have 
transposed the exhaust line from Fig. 1 
by turning it “t’other end to,” so that the 
diagram, Fig. 2, shows the pressure on 
the opposite sides of the steam piston at 
any point of stroke. It will be noticed 
that the difference between the steam and 
exhaust pressure corresponds at any point 
to the load on the water end, as indicated 
by Fig. 3. The power required to over- 
come friction and inertia during the first 
part of the stroke is very clearly shown. 

A transposition of the exhaust line in 
this manner, so as to give a true indica- 
tion of the work being performed in the 
cylinder, will very often make clear a dia- 
gram otherwise difficult to understand. 

Henry M. CHASE. 

Holyoke, Mass. 





What Caused the Pitting and 


Corrosion ? 





As reference is made in the letter under 
the above title, on page 742 of the Novem- 
ber number, to the insulation of the pump 
vanes from the motors driving them, I 
assume that the writer is inclined to at- 
tribute the action to electric currents. 
The only experience I have had of similar 


POWER 


of Zurich, and have worked under a head 
of about 180 feet; three of them for 
twenty and four for nine years. 

As these turbines drive two cotton mills 
with wire ropes, and the only electric cur- 
rent near is that from a small lighting 
dynamo that works only at night, when 
the mills are stopped, I believe the pit- 
ting is due to hydraulic action alone. It 
seems most strange that the pitting in this 
case occurred far less on the surfaces that 
actually transmitted the work than on 
those that got the back splash only when 
the vanes passed the nozzle webs. See 
the accompanying sketch. 

It would be interesting to hear the ex- 
perience of turbine and pump builders in 
this connection. 

DoNnaLp YATES. 

Hubli, India. 





Cutting Out a Burned Circuit- 
breaker in a Hurry 





In a railway power station of about 
7500 kilowatts capacity there were two 550- 
volt direct-current generators of about 
2000 kilowatts each, which formed the 
main reliance of the plant. The peak loads, 
which came on from 7 :30 to 9:30 a.m. and 
from 4:30 to 7:30 p.m., were so heavy that 
it was impossible to operate the entire sys- 
tem if either of these generators was out 
of service. One winter evening, about 
5:30 o'clock, the load was unusually heavy 
and the entire plant was badly overloaded, 
the generators just mentioned being about 
50 per cent. overloaded most of the time. 
The operator noticed the odor of scorch- 
ing insulation in the neighborhood of the 
switchboard, which was near the large 
units, and while he was looking for the 
source of the odor the trouble manifested 
itself. The circuit-breakers on the two 
large generators depended on the elasti- 
city of a spring and that of the main con- 
tacts of laminated copper to make the con- 
tact on the studs or posts, and though of a 
very good type were considerably too 
small for the loads they were forced to 
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WHAT CAUSED 


pitting was in the nozzles and runner 
vanes of the seven outward-flow Girard 
turbines of the Gokak Water Power Com- 
pany, India. These are of 250 brake- 
horse-power each, made by Escher Wyss, 
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|’4 Arrow heads show 


\ pitted faces 


THE PITTING? 


carry. The overload, aided perhaps by 
some imperfection of contact to begin 
with, had caused the spring and the main 
contact brushes on one of the circuit- 
breakers to become hot enough to relax, 
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opening that part of the circuit and throw- 
ing the entire current delivered by the 
generator through the magnetic blow-out 
coil in the top of the circuit-breaker. This 
coil was of No. oo wire, which was not 
large enough to carry the current of about 
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CUTTING OUT A DAMAGED CIRCUIT BREAKER 


6000 amperes imposed upon it; it fused 
open at some point and a terrific arc im- 
mediately started. The main generator 
switches were directly beneath the circuit- 
breaker, and the downpour of incandes- 
cent matter from the burning circuit- 
breaker made it hazardous to attempt to 
open the switches, but by watching his 
chances the operator succeeded in doing 
so without injury. Quick action in open- 
ing the feeder circuits prevented the over- 
load from putting the station down and 
out, but the circuit-breaker was so badly 
damaged that it was of no further use, 
and steps had to be taken to get the unit 
back into service as quickly as possible. 
The first suggestion was to remove the 
nuts holding the terminals, and bolt the 
terminals together, thus cutting out the 
circuit-breaker, but trial showed that the 
nuts had been so hot that the threads 
were ruined and would not unscrew, and 
they were so close to the bus-bars that it 
would be dangerous to undertake any 
hasty emergency work at that point. An 
operator was left at the switchboard to 
perform the usual routine in cases of 
trouble in railway power stations of swap- 
ping feeders each two minutes, so as to 
keep traffic moving after a fashion, and a 
trip to the storeroom revealed means 
which promised relief. There were some 
flat bars of copper about % inch thick, and 
of a width nearly equal to the length of 
the contact posts, which were not entirely 
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destroyed. Also there were procured a 
small vise and several strong screw 
clamps. A bar of the copper was taken 
to the blacksmith shop and bent to a wide 
U shape, the inner dimensions being such 
as to accommodate the undamaged por- 
tions of the two contact posts. The 
mechanism of the circuit-breaker was 
quickly removed by the liberal application 
of hammer and cold chisel, and the cop- 
per bar’ was roughly fitted and clamped 
onto the posts as shown in the sketch. A 
piece of trolley rope was tied to the handle 
of the switch for safety to the operator in 
case it should become necessary to open 
the switch under heavy load, and the gen- 
erator was put back into service within 
half an hour after the accident happened. 
A new circuit-breaker was obtained and 
installed during the night. 
H. R. Mason. 
St. Louis, Mo. 





A Peculiarity in Air-compressor 
Design 





Some time ago I was engaged on an 
experimental job which required air pres- 





Low Pressure 
Suction 
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open directly into the end of the cylin- 
der, being placed in the cylinder-head, and 
are identical in form with those shown 
in the sketch. 
FRANK E, Booru. 
Toronto, Can. 





A Peculiar Gas-engine Wreck 





I was much interested in the descrip- 
tion in the December number, page 832, 
of the wreck of a gas engine at the fac- 
tory of D. S. Plumb, at Newark, N. J. 
I have not seen the engine, but the wreck 
was evidently due to one of those things 
which Tecumseh Swift 
erally wrong.” 

The whole trouble with the gas-engine 
business today is, as it always has been, 
that most of the designers seem to be 
of the inexperienced and inventor class, 
with supreme contempt for the laws of 
nature. Nearly all the small gas engines 
built in this country have the shaft car- 
ried high up into the air, on a pedestal, 
and the cylinder perched high up on a 
bracket all by itself, as though the de- 
signer took particular pride in seeing how 


says are “gen- 
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AIR-COMPRESSOR DESIGN 


sure of about 500 pounds per square 
inch. It was decided to make a small 
double-stage air compressor, with the 
high- and low-pressure pistons in one 
piece. The obstacle in this design was 
in getting the valves located in the low- 
pressure side without making too much 
clearance in the pump. It was at last ac- 
complished and the compressor gave very 
good results, as it reduced the clearance 
to minimum. 

The bottom of the low-pressure cylin- 
der was beveled at an angle of 45 de- 
grees to the center line, the construction 
allowing ample room for placing the 
valves, at the same time giving very 
slight clearance in the pump. 

The accompanying sketch will give an 
idea of the appearance of the inside of 
the compressor. The high-pressure valves 


far he could get these parts away from 
the bed, with the result that the strain 
imposed upon the latter per unit of area 
must be ten times as great as if the ma- 
terial were placed in a straight line with 
the thrust of the piston. 

In nearly all of these engines, it will be 
noticed, it never occurred to the designer 
that the oil has to go somewhere after it 
goes through the bearing. No oil rings, 
drips or rims are provided, and every gal- 
lon of oil that is fed to the bearings must 
either be wiped up from the floor, or else 
left to soak through the foundation. 

One engine builder, who boasts of thirty 
years’ experience in this country, still 
makes his engine without any splash- 
guard around the crank, with the result 
that careless people have tried to use the 
engine for a foot-rest and their feet were 
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promptly cut off. Recognizing this danger, 
the manufacturer for years has cast in 
bold letters on the front of the engine 
at this point, “Fe Off,” which always 
suggested to the writer the question 
whether this is simply a recognition by 
the builder that this is a part of his en- 
gine where feet are regularly cut off, or 
whether i is intended as a warning to 
keep the feet off. 

Thousands of pages of instructions have 
been printed in books and newspaper ar- 
ticles telling how a certain amount of in- 
telligence must be exercised to operate an 
engine, but nothing has ever been said of 
the amount of intelligence that is not ex- 
ercised by the people who build the en- 
gines. 

S. W. RusHMoRE 
Plainfield, N. J. 





Why Did the Circulating Pump 
Stop ? 





In answer to the letter under the above 
title, on page 51 of the January 14 num- 
ber, I think that if Mr. Treeby had at- 
tempted to operate his steam winches after 
the main engine got under way, he would 
have encountered the same trouble that 
he encountered with the circulating pump. 
The main engine was probably using 95 
per cent., or more, of the steam with the 
circulating pump running. That would 
create a circulation in the main steam line 
toward the engine and away from the 
pump. As a result, the circulating pump 
practically would not get any steam. 

If the steam pipe to the circulating pump 
were directly connected to the boilers and 
not to the main steam line, I think that it 
would work much better. 

Henry B. Hicks. 

Oriskany Falls, N. Y. 





Replying to Mr. Treeby’s question, | 
would say that judging from the manner 
in which the circulating pump gets its 
steam from the bottom of the steam main 
to the engine it would be very liable to 
“shut down,” on account of getting all 
the drip of the main into the steam cylin- 
ders of the pump. 

W. T. MEmzer. 

Brooklyn, N. Y. 





In regard to W. Vincent Treeby’s cir- 
culating pump stopping, it is, I think, 
caused by the arrangement of the piping. 
The steam line for the pump and the 
winches is taken from the steam line to the 
main engines. When the winches are 
working, they are sucking the steam from 
the line to the pump, or it may be done by 
the main engine. Connections like this 
are wrong, especially in marine work, but 
in stationary work “anything goes.” 

I know of a case on a yacht where the 
steam line to the jet-condenser pump was 
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connected just above the engine throttle, 
and every time the engine was reversed 
quickly the pump would stop, because the 
steam was sucked away from the pump 


line. Such an arrangement is a poor one. 
ALBERT SMITH. 


Barrytown, N. Y. 





Renewing Tubes in a Horizontal 


Boiler 





In a letter under this heading, in the 
January 14 number, J. E. Hindman 
states there is a chance of a tube leak- 
ing unless the end is annealed. There 
is also a chance of the same thing hap- 
pening with a tube with an annealed end, 
if the workmanship is poor. Mr. Hind- 
man doubtless wrote from experience, so 
I will do the same. I have put a few 
hundred tubes into old boilers, and I 
must confess that I never annealed the 
end of one of them; and so far as I 
know they tight 
mained so. 

When the hole is a little large, I put 
a narrow strip of thin sheet iron, or sheet 
copper, around the tube at the head. This 
is an old wrinkle used by boilermakers 
on repair jobs right along. If a hole in 
a tube-sheet is so large that there will be 
danger of splitting the tube, a larger tube 
should be used. When a strip of thin 
sheet copper is used, it is not because 
there is danger of splitting the tube, but 
it helps to fill up any slight groove or 
score made in removing the old tube, and 
it may save a little work in the ex- 
panding. Sometimes a strip of paper is 
used, although I never used paper myself. 
A boiler tube of proper material will 
stand quite a lot of expanding before it 
will show the least sign of splitting. 

JIMMIE. 


were all and_re- 


Toronto, Ont. 


J. E. Hindman’s letter, page 55, brings 
to mind an experience that I had with 
tubes in a water-tube boiler a few years 
ago. In the boiler in question all the 
tubes were to be replaced. The old tubes 
had been expanded so many times that 
not only had the ends become too thin to 
remain tight, but the cast-iron sectional 
boxes into which the tube ends are se- 
cured had become enlarged to quite an ex- 
tent; so, when the old tubes were cut 
out and the first new one put in, it was 
found to have quite an opening around it, 


almost 4% of an inch—or 1/16 inch all 
around. 

As the new tubes were of the best 
quality, the boiler maker thought the 


metal would expand to the required size, 
if the expander were used gently and the 
metal given a chance. But just as soon 
as the tube began to “nip” its seat, the 
end split nearly all the way through the 
expanded part. 

It was next attempted to anneal the 
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tube ends by heating then in the furnace 
of one of the other boilers, and allowing 
them to cool in the open air. Then a 
tube was placed. and the expander carefully 
applied, but it split like the first one. 
Next I advised annealing a tube by heat- 
ing the ends in a charcoal fire, and cover- 
ing with hot ashes, allowing the whole 
thing to cool gradually. After the tube 
was cool enough to handle, an attempt 
was made to expand it in place, with the 
same result as before. 

Then we heated the other end of the 
tube to a dull red, and without waiting for 
it to cool put it in place and began to ex- 
pand it as carefully as possible. When 
we began to think that it was going to be 
O. K., crack! it went again. It was plain 
that something ought to be inserted be- 
tween the tube end and its seat, so we 
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smeared with a coating of thick red lea 
and boiled linseed oil, and the strip in 
serted and the expander applied. Not 
only was the tube made tight to the re 
quired test pressure, but it remained tigh 
as did several others of the same kind i: 
that boiler. 
Cuares J. MAson. 
Scranton, Penn. 





Feeding Boiler Compound 


Mr. Jahnke’s boiler-compound feede: 
shown on page 864 of the December num 
ber, reminds me of one I rigged up sever: 
years ago, a sketch of which I submit 
herewith. ‘I was long of his opinion that 
the feed should be continuous to get th 









































ARRANGEMENT FOR SIGHT FEEDING OF BOILER COMPOUND 


procured some galvanized sheet iron, soft 
and pliable and of the proper thickness, 
and cut strips a little wider than the 
width of the seat against which the tubes 
were expanded and ™% inch longer than 
the circumference of the opening in the 
box header, so the ends would overlap 
when the strip was in place. The ends of 
the strip were hammered on an anvil and 
tapered, so the original thickness of the 
metal was preserved at the lap. 

The ends of another tube were annealed 
in the charcoal fire in the usual way, both 
tube ends and seat cleaned, the parts 


best results, and the difficulty of getting 
the water tenders to feed the stuff as | 
wished, as well as the desire of seeing for 
myself just what was going on, resulted in 
the arrangement shown. It worked pet 
fectly because it couldn’t help it. This 
method is applicable only where there 1s 
gravity feed to the pump, although but 
few inches elevation of the water is neces 
sary. It may not be amiss to mention that 
the feeder did its business better than th 
compound—but “that is another story.” 
The 4-inch stand-pipe A was previous! 
placed in the suction pipe for the purpos 
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sf allowing the escape of any vapors on 
their way to the pump, as the water was 


extremely hot. The reservoir B was an 
old boiler, once used for the collection of 
the water from the coils of the vacuum 
pais and other evaporating apparatus. 
The %-inch pipe C was provided with an 
elbow and nipple at the lower end, as 


shown. Regular, sight-feed operation and 
thorough mixing were secured by this de- 
vice. 


ALLAHASSETT. 
New Orleans, La. 





A Return Oiling System 





There are many little things around the 
engine room which could be so arranged 
that the engineer would have less work to 
do, if he would take the trouble to ar- 
range them. One matter which is ne- 
elected is that of handling oil after it has 
been used about the engine. Hundreds of 
plants are found with oil pans under the 
eccentric, main pillow-block, crank and 
euides, and in some instances under the 
valve-gear; these are either allowed to 
go so long that they overflow or become so 
full that they spill when being emptied, 
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A RETURN OILING SYSTEM 


or the oil is wasted when the pans are 
wiped clean, as is done daily in many 
plants. This not only makes a muss around 
the engine room but is a source of loss in 
the oil supply, because the oil which is 
spilled is wiped up with waste and thrown 
away, and the oil wiped from the pans is 
treated in a like manner. 

One means of eliminating this waste is 
to have the oil run to a tank located under 
the engine. This tank can be fitted with a 
hand oil pump, in the case of a small plant, 
or with a power pump or steam pump in 
the case of a large plant, for the purpose 
returning the oil to an oil tank located 
some convenient place about the plant. 
the particular plant under considera- 
tion, the oil from the engine is drained to 
a tank under the engine and pumped into 
tank A, by means of a hand pump, 
through the pipe B. The tank A is fitted 
With a pipe C in which is a valve. This 

acts as an overflow to the tank A, 
| as the oil is pumped into it the heavy 
ticles fall to the bottom, leaving fairly 
in oil at the top, which overflows into 
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the filter D, as shown. From the filter the 
oil is drawn off and used over again as 
under ordinary circumstances. 

Such an arrangement is most conveni- 
ent, and if the oil tank A and the filter D 
can be placed in the pump room, or some 
clean place outside of the engine room, so 
much the better. 

JaMEsS ASHBURNER. 

Turtle Creek, Penn. 





Effect of Compression on the 
Steam Line 





When I was working out the two-eccen- 
tric idea on Corliss engines one thing 
presented itself that I could never explain. 
My chief trouble with the single eccentric 
was to get an early release. I had learned 
by trial that compression required more 
coal while an earlier release required less 
coal; and as I could not have both at 
the same time, I gave up compression. 
This was on a 28x6o-inch engine. The 
steam line on the indicator diagram kept 
up and the point of cutting off was clear 
and full. 

After applying 
gave just enough 
the inertia of the moving parts and found 
my steam line drooping, with the point of 
cutting off round and indistinct. I sent 
diagrams to the builder for a suggestion 
as to the cause of the drooping, and the 
remedy. He advised putting the pins in 
the wrist-plate at a wider radius, but this 
did no good, even though it gave a quicker 
and wider opening to the valve. When 
starting up this longer travel, one of the 
dash-pot rods got caught and broke the 
steam wrist-plate. | then put on the old 
single wrist-plate and attached it to the 
steam eccentric, which was set at 90 de- 
grees to the crank. There was no com 
pression here, the steam line was straight 
and the point of cutting off was sharp 
and clear. When the new wrist-plate was 
put on and compression given, the same 
falling off in the steam line and cut-off re- 
turned. 

This the first indication of this 
peculiarity of the effect of compression 
on the steam line, but since that time I 
have never known of a case that did not 
have this peculiarity. (I am speaking of 
condensing engines with a good vacuum. 
With non-condensing engines I am not 
so familiar.) JI have never been able to 
explain why this should be. 

Advocates of high compression, even 
to the extent of using up inertia from the 
wheel, maintain that the exhaust steam 
fills the passages and heats the cylinder. 
The heating of the cylinder is a myth, as 
it occurs only at the very extreme end 
of the cylinder and has nothing to do 
with the cylinder surface. 

The question that most naturally arises 
is: What is the substance that is trapped 


the second eccentric, I 
compression to take up 


was 
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by compression? When we put steam into 
a heating outfit the air separates from 
the water and steam and has to be taken 
care of. In performing work in a cylin- 
der, steam gives up its heat, and there is 
also cylinder condensation. Does the air 
separate from the steam as when heating 
pipes and other vessels? 

If the air separates, which goes out of 
the cylinder first, or, rather, which stays 
in the cylinder, bearing in mind that air 
is of lower specific heat and of higher 
specific gravity? Is it possible to take 
whatever it is that is left in the exhaust 
of a condensing engine, with a good vac- 
uum, and it to the pressure 
within the cylinder, and have it at the tem- 
perature due to that pressure and with 
the same number of heat units? 

Here is a field for a little- study, and 
probably for considerable investigation. 

W. E. CRANE. 


compress 


Hampton, N. H. 





Apportioning Charges 


I have a pump which feeds returns to 
the boilers during the heating season, les- 
sens the work on the regular feed-pump to 
that extent, and is an auxiliary feed-pump 
at all times, being used when the other is 
shut down for any reason. In case we 
had no heating system there would prob- 
ably be an auxiliary pump or injector. 
Nevertheless this pump works mostly be- 
cause we have a heating system. Shall I 
charge fittings bought for this pump to 
the heating system, or charge them up as 
if bought for the other pump? 


LLED. 
New York City. 





Trial of the Turbine Steamship 
** Creole ” 


In the editorial on the turbine steamship 
“Creole,” on page 57 of the January 14 
number, the minimum steam consumption 
on trial was given as 16.06 pounds per 
brake-horse power, which does not sound 
so very bad, considering it was one of the 
first experiences of the builders. The con- 
ditions, however, under which this mini- 
mum steam 
are given and thermodynamic 
efficiency of but 44 per cent. No wonder 
that the “Creole” has been so often quoted 
as an “awful example.” 


consumption was obtained 


show a 


MICHAEL Nyrop. 
Baltimore, Md. 





February I1 a meeting will be held at 
Cooper Union, New York City, at which 
the claims of the American Museum of 


Safety Devices and Industrial Hygiene 
will be urged by Bishop Potter, Rev. 
Percy S. Grant, Rabbi Wise and Dr. 


Josiah Strong. 
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Gas Engine Investigations 





As a general rule, a test of a gas or 
oil engine is limited to the measurement 
of fuel consumption, the taking of indicator 
diagrams, the determination of the heat 
value of the fuel and the measurement of 
the heat loss to the jacket water. We 
trust we shall be pardoned the temerity 
of saying that this, in our judgment, is 
one of the chief reasons that gas-engirre 
design has progressed so slowly in 
America. So far as we can learn, there 
is no record of any investigation in this 
country of the temperatures which 
actually occur within an engine cylinder, 
of the rate of heat transmission through 
the cylinder walls under given conditions, 
of the best actual proportion of air to 
fuels of different character, of the dis- 
crepancies between the calculated and the 
actual compression and expansion curves 
and the causes of them—in short, of any 
of the obscure processes which go on dur- 
ing a gas-engine cycle. It may be that 
such investigations are commercially im- 
practicable by the builders of engines, and 
we are prepared to’ believe this. Never- 
theless, it is unfortunate for the industry 
at large—sufficiently so, we should. think, 
to justify the inauguration of a series of 
investigations to be carried on by disin- 
terested engineers at the joint expense 
of all of the gas-engine builders. Of 
course, there are practical difficulties in 
the way of putting into effect such a plan, 
but that is true of everything that is 
really worth doing. 





Live or Exhaust Steam for 
Heating 





A correspondent suggests as a useful 
theme for discussion in our columns the 
comparative desirability of live and ex- 
haust steam for heating. Although the 
principle is well established that it does 
not pay to pour heat units into the con- 
denser when they may be rejected at a 
temperature which will allow of their 
useful application in heating or manufac- 
turing processes, there remain enough 
points which are open to discussion and 
enough lack of understanding in regard 
to the principle involved to render such 
a discussion of those points and princi- 
ples well worth while. 

In order to get the subject regularly 
before the meeting, our correspondent 
puts the question, or questions, as follows: 

In planning a motor plant of from 150 
to 200 horse-power, located on a river 
where the feed-water for the boilers and 
the cooling water for the condenser is 
supplied without cost, which is the most 
economical : PS 

(1) To use live steam for heating the 
factory at full boiler pressure, say 100 
pounds, and run the engine condensing 
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with a load requiring a mean effective 
pressure of 40 pounds, or 

(2) With conditions as above, with the 
exception that a reducing valve is used 
and the steam pressure reduced to what- 
ever pressure has been found most ec 
nomical, or 

(3) With the conditions as above, 
with the exception that the engine is rin 
non-condensing and a back-pressure valve 
put in the exhaust pipe so as to heat the 
factory by exhaust steam (and in this case 
what is the most economical pressure to 
carry on the heating system?) or 

(4) To use the steam in a compound 
condensing engine and take steam from 
the receiver at the pressure required for 
the exhaust system, or 

(5) To use an exhaust heating sys- 
tem with such a liberal area that the en- 
gine can be exhausted through it to the 
condenser, which should be located in 
the engine room near the engine so that 
in hot weather the engine could be run 
condensing and the heating system by- 
passed? 

The correspondent hopes that the an- 
swers will not be based upon textbook 
information, unless such information is 
the record of actual practice. 





Theory and Practice 





Doubtless many a young engineer has 
experienced the sense of disappointment 
and disgust that is likely to arise when 
actual results refuse to accord with pre- 
dictions based on careful calculations. 
Excepting the most painstaking labora- 
tory tests and corresponding computations 
in which corrections are made for every 
variation in conditions, it is purely acci- 
dental when actual results do agree with 
computations. Every engineer should be 
prepared to find this true and _ should 
overcome the natural tendency to dis- 
credit theory because of his failure to 
predict performance with absolute ac- 
curacy by means of it. Without theory, 
practice would go wildly adrift and 
progress would be laborious, expensive 
and slow. But for the theories built up 
on the painstaking investigations of such 
men as Regnault, Carnot, Clausius, Joule, 
Faraday and Hopkinson we should be 
stumbling along with the crudest forms 
of steam and electrical apparatus. 

The study of theory, giving familiarity 
with the principles governing the opera 
tion of the machinery with which one has 
to do, is indispensable to the intelligent 
management of that machinery. It is in 
convenient, of course, that the steam 
engine and the gas engine refuse to dupli 
cate the diagrams plotted by means of 
the respective formulas, and that th 
characteristic curve of a dynamo-electric 
machine cannot be predicted with exact 
ness, but knowledge of what the ideal per 
formance would be and the principles ap 
plying to it is necessary in order to bring 
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the actual results as near as possible to 
the ideal, and thereby attain maximum 


efficiency of operation. Instead of abus- 
ing theory for the discrepancy between 
calculated and actual results, therefore, 
the man in charge of power-plant machin- 
ery should try to analyze that discrep- 
ancy—with the assistance of established 
theory—and thereby find out how to re- 
duce it to the smallest possible degree. 





Are You Satisfied ? 





The perfectly satisfied man is difficult 
to find. Men are always looking for some- 
thing better, something more remuner- 
ative. It has been said that we are 
“creatures of destiny,” but a man’s own 
endeavors have a mighty influence in 
shaping the course of his existence; des- 
tiny has little to do with his success or 
failure. Destiny, luck, good fortune and 
all the rest are easily discounted by the 
earnest desire to progress—to be an 
“T am,” not a “has been.” 

Are you satisfied? Are you ambitious, 
or are you content to float down stream 
like a piece of driftwood? Driftwood 
floats as the current may dictate, without 
resistance, without life. It takes life, 
energy, strength and determination to go 
against the stream. Which way are you 
going? Are you dead, or are you alive 
and struggling against the current? 

Look backward and what do you see? 
Plenty of lost opportunities, are there 
not? Almost countless chances where 
you might have given your employer a 
more honest day’s work (never mind the 
pay) ; perhaps you were worth more, per- 
haps you were not; the thing is, did you 
do your level best? Are you satisfied 
with the tracing on the recording chart 
of service rendered? Some of you are: 
more are not. What are you going to 
do about it? There is no use wasting 
time on a rainy day looking at a wrecked 
umbrella. The best thing to do is to get 
under cover. 

Don’t you want to be a little bigger 
man in your business, draw a little larger 
pay on Saturday? Of course; but you 
don’t know how. Suppose you forget the 
other fellow for a time; he may have a 
larger and better plant and more pay, 
but never mind. Just step into the fire 
room and see what recommendations for 
your advancement are visible. 

Didn’t you neglect to clean out the 
ash-pit for some insufficient reason? Isn’t 
there more good coal mixed in with the 
ashes than there should be, just because 
you were careless in firing? And, say! 


When did you clean off the front of your 
boil r? 


’ 


Why haven’t you ground in the safety 
valve so it will not leak steam every 
minute of each twenty-four hours; and 
how about the blow-off valve? Of 


course it does not leak to such an ex 
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tent that no water shows in the glass in 
the morning; but, honestly now, how far 
from the bottom do you find the water? 
You are not satisfied with this state of 
affairs, are you? Well, what are you go- 
ing to do—let things slide? 

Now look over your engine room 
There is not much need of that, because 
you know what is not right without look- 
ing for it? Leaking piston, thump in 
the crosshead and pillow-block, rattling 


valve-gear, dirt, grease and dust? Not 
much of a recommendation, is it? What 
are you going to do about that? Let 


matters go on, or fix things up? 

We are not mind-readers, but it is safe 
enough to assume with assurance that in 
a great many instances matters will go on 
in the “same old way.” There will be 
the same growls of discontent; the same 
dirty, greasy engine room and engineer; 
the same useless, avoidable leaks, which 
the plant owner will pay for; and the same 
number of “has beens,” until—— 

Until what? Merely until the coming 
engineer, who enters into his work with 
energy, vim, determination, high ideals 
and ambition, will have driven the puppets 
of destiny, or whatever you choose to call 
them, out of the business, or into those 
undesirable steam plants which self-re- 
specting engineers will not operate. 





Oil Fuel for the Big Liners 





An engineer of the British admiralty 
has published some figures regarding the 
use of oil on such ships as the “Lusi- 
tania.” He says that with this change 25 
stokers would do the work now requiring 
312, and the economy in space would 
make room for 250 more passengers and 
4000 tons more of freight, and that an in- 
crease in speed which would take eight 
hours off the transatlantic trip would be 
effected. 

It is true that oil offers many advan- 
tages as a fuel for marine use. It may 
be pumiped aboard, stored in otherwise un- 
available places, burned without ashes and 
clinker and without handling under the 
arduous conditions of a stoke-hole. It is 
quite probable that its use would effect a 
very considerable increase in the speed of 
the boat, because so far as we can learn the 
weakest spot, limiting the capacity of all 
the rest, is the steam-making portion of 
the plant. This need be no reflection on 
the boilers. They may be furnishing all 
the steam and more than boilers of their 
size and capacity should be called upon 
to furnish, and still it may not be enough 
for the turbine. 

By the way, did you ever notice that 
you can get pretty nearly as much from 
what one does not say as from what he 
talks about? If there had been any 
record-splitting attainments in the use of 
steam made by large marine turbines, it 
is fair to presume that the fact would 
not be hid under a bushel. 











197 


It is said that the Pennsylvania rail- 
road some years ago investigated the ad- 
vantages of oil as a fuel for its locomo- 
tives. The reports of the experts showed 
a very considerable advantage for the use 
of oil, but it was further pointed out that 
the entire oil production of the country 
would not keep the railroad going, and 
that any movement in the direction of a 
change to this kind of fuel would result 
in putting the price of the oil fuel en- 
tirely out of reach. The same objection 
would apply, in kind at least, to the adop- 
tion of this class of fuel for marine work. 





Machinery Men to Hold Joint 


Convention 





A joint meeting of the committees ap- 
pointed from the American Supply and 
Machinery Manufacturers’ Association, the 
National Supply and Machinery Dealers’ 
Association, and the Southern Supply and 
Machinery Dealers’ Association was held 
at the Jefferson hotel, Richmond, Va., on 
Friday, January 24, to formulate a pro- 
gram for the joint annual convention of 
these three associations to be held in 
Richmond, May 13, 14 and 15, 1908. 

The program mapped out is one that 
has many radical departures from any 
previous meetings held either jointly or 
separately by any of these organizations, 
and will, in the opinion of those who 
made up the committee, result in eliminat- 
ing all those features which have been 
stumbling blocks in the way of complete 
success of previous large conventions. 

Speakers of national reputation, whose 
connection with the commercial life of 
the nation will make their views of the 
greatest moment, will be selected to ad- 
dress the joint meetings. Other speakers, 
drawn from the membership of the asso- 
ciations, will make addresses on live 
topics of vital importance and it is felt 
by the committee that when their pro- 
gram is published every member will 
feel that he cannot afford to be absem. 
The complete program will be ready for 
publication early in April. 





The gas-power section of the American 
Society of Mechanical Engineers will 
meet in the council room of the society 
at 7:30 o’clock in the evening of February 
11, to receive a report upon the action of 
the council of the society in regard to 
the formation of the section and to effect 
a permanent organization. The meeting 
will be followed by a general public meet- 
ing in the main hall of the Engineerng 
Societies’ building, 29 West Twenty-ninth 
street, at 8:15, when the program will in- 
clude discussion of the following: “Ex- 
perimental Gas Turbines in France,” il- 
lustrated with slides; “A Gas Engine and 
Producer Guarantee”; “A Simple Contin 
uous Gas Calorimeter.” 
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Inquiries 


Questions are not answered unless they are 
of general interest and are accompanied by 
the name and address of the inquirer. 





Weight of Air under Different Conditions 

How is the weight of air computed for 
different barometer readings and tem- 
peratures? 

G. S. G. 

Multiply the barometer reading by 
1.32532 and divide the result by the abso- 
lute Fahrenheit temperature; take the 
absolute temperature as equal to the ther- 
mometer reading + 459.2. The result 
will be the weight of one cubic foot of 
dry air. 


Allowable Pressure on a Boiler Head 


A boiler head 58 inches in diameter, 
with the top row of tubes 18 inches below 
the top of the shell, has six braces, each 


one inch in diameter, above the tubes. ' 


What is the allowable pressure? 
G. E. R. 
Allowing 6000 pounds per square inch 

of brace cross-section, each brace will sus- 
tain a pressure of 

0.7854 X 6000 = 4712.4 
pounds; the six braces, therefore, 
safely stand 

6 X 4712.4 = 28,274.4 
pounds. The area of the braced part of 
the head is 415% square inches, so that 
the allowable pressure is 


28,274.4 
415.5 
pounds per square inch. 


will 





= 68.53 


Expansions in a Compound Engine 


How many expansions would be _ ob- 
tained in a compound engine having 
cylinders 10 and 20 inches in diameter and 
cutting off at quarter stroke in the high- 
presure cylinder? 

G. BE. RR. 

Assuming no clearance (since you do 
not state it), the steam will expand to 
four times its original volume in the 
high-pressure cylinder. The low-pressure 
cylinder has twice the diameter, and 
therefore four times the area, of the 
high-; the steam will expand, therefore, 
to four times its final high-pressure vol- 
ume when it fills the low-pressure cylin- 
der, and the volume at the end of the low- 
pressure stroke will be 4 4=16 times 
the volume at the instant of cut-off. 


Returning Condensation to the Boiler. 


How would you cause the condensation 
from a steam separator to return to the 
boiler ? 

H. M. 

A very common method of returning 
condensation to the boiler, whether from 
a separator or other source, is the tank 
and pump arrangement. The drips are all 
led to a closed tank to which a pump con- 
trolled by a float is attached, and the 
pump returns the water to the boiler as 
fast as it accumulates in the tank. 
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Superheat, Evaporation and B.t.u. 


In a boiler test, if 10.18 pounds of water 
were evaporated per pound of coal con- 
taining 13,820 B.t.u., how much would be 
evaporated with coal having 14,500 B.t.u. 
per poundr At 10.18 pounds of water 
evaporated, with 119 degrees superheat, 
what would be the reduction with dry sat- 
urated steam? How would you find the 
percentage of coal required to superheat 
steam 100 degrees? 

C.. eB. 

Since it is the British thermal units 
which evaporate the water, a coal having 
twice as many British thermal units per 
pound would evaporate twice the water 
per pound (assuming equal efficiency of 
combustion and absorption), and a coal 
having 14,500 B.t.u. would evaporate 
14,500 Over 13,820 as much as one having 
13,820 B.t.u., or for your case 


14,F00 | 
13,820 





10.18 = 10.68 


pounds of water per pound of coal. 

In order to reduce a performance in- 
volving superheat to one of dry saturated 
steam, subtract from the total heat of 
steam of the given pressure, the heat of 
the liquid at the temperature of the feed- 
water and add the product of the number 
of degrees of superheat by the specific 
heat of superheated steam under the con- 
ditions of the superheat. This is ordi- 
narily taken at 0.48, but has recently been 
found to vary with the conditions, and you 
can get an idea of that variation by read- 
ing an article by Professor Reeves which 
will appear in an early number of Power. 
Divide the sum of these quantities by the 
difference between the total heat and the 
heat of the liquid and it will give you the 
factor by which you will multiply the 
number of pounds of water evaporated 
and superheated in order to obtain the 
number of pounds of water which would 
have been simply evaporated under the 
given conditions. 


Safe Working Pressure of a Siaistaite 


How can you tell the safe working 
pressure of a stay-bolt by simply look- 
ing at it? 

M. H. 

You cannot tell the safe working pres- 
sure of a stay-bolt or anything else by 
simply looking at it. A glance may tell 
you the size of the bolt, and then a mental 
calculation of the area of the cross-sec- 
tion will give you an approximate esti- 
mate of its strength. 





To burn coal without smoke, and at 
the same time secure economical evapora- 
tion in a boiler, demands a nice adjust- 
ment of the air supply to the rate of 
combustion, especially with bituminous 
coals, and with boilers that are hard fired 
or, in other words, called ‘upon to do their 
maximum duty. Experiments have shown 
this over and over again—The Mechan- 
ical Engineer. 
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Book Reviews 





SUPERHEAT, SUPERHEATING AND THEix 
Contro.. By W. H. Booth. Pub- 
lished by D. Van Nostrand Compan 
New York. Cloth; 150 pages, 6! 
9% inches; illustrated. Price, $1.5 

To the steam engineer who is payi: 
careful and intelligent attention to the art 
and science of steam engineering, this 
work will prove to be both entertaining ai 
useful. It is written in the clear, compre- 
hensive English peculiar to this author, 
and while in its historical and ee 
portions it tells of many things that thie 
engineer already knows, he is cs 
because of either the application or the 
way in which it is told. The work is 
divided into 19 chapters, beginning with 
historical matter pertaining to superheat 
and dating back to 1786, and ending with 
tables for reference and useful hints for 
modern practice. Mathematics and graph- 
ical solutions are freely indulged in. 


wm ~ 


[jan 


There are a dozen tables and about thirty 


illustrations. The illustrations are of 
representative types and not selected from 
catalogs, as the work is not written for 
advertising, but for instruction. 


VALVE GEARS AND INDICAToRS. A manual 
of practical instruction in valve set- 
ting, use of indicators, and other de- 
tails of steam-engine operation essen- 
tial to efficiency and economy. By 
Walter S. Leland and Carl S. Dow. 
Published by the American School of 
Correspondence, Chicago. Cloth; 130 
pages, 614x914 inches. Price, $1. 

This is an addition to the series of prac- 
tical hand and reference books published 
by this school. It is divided into two 
parts, the first being devoted to valve- 
gears and the second to the steam-engine 
indicator. Part I, like “all Gaul,” is 
divided into three parts: Slide Valves, 

Valve Designs and Settings, and Radial, 

Double and Drop Cut-off Valve-gears. 

This part of the work is devoted to a 

brief and plain description of the de- 

sign and operation of a few stand- 
ard types of valve and valve-gear, with 

directions for valve setting, etc. Part I! 

is devoted to the indicator and the meth 

ods of power measurement. It covers 2 

great deal of ground in a very few pages. 

The few formulas used are of the simplest 

nature and should not frighten the most 

ordinary practical man, who is seeking 
knowledge on the subjects of mechanical 
efficiency, prony brakes, diagrams, etc. 





A large number of manufacturers have 
turned their attention to the use of slack 
coal and culm as fuel on account of the 
low figure at which it can be obtained; 
firing furnaces with these fine coals, how- 
ever, requires great care and constant at- 
tention on the part of firemen, because of 
the dust which cokes and adheres to the 
grates, thus obstructing the air passages. 
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A New Gas Producer 


With a view to securing maximum sim- 
plicity rather than to exploiting any indi- 


fads, the Termaat & Monahan 
Oshkosh, Wis., has designed 
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Ek NEW OR 


is an upper extension of the generator, 
but is located so that the hot gases from 
the fuel bed do not impinge squarely on 
the bottom of the vaporizer. This is 
shown in the view, Fig. 2, page 200. The 
generator is equipped with a revolving 
grate and a heater to preheat the air sup- 














FIG. I. MONAHAN 


and is building a line of power gas pro- 
ducers the salient features of which are 
illustrated herewith. 

ihe producer, Fig. 1, is of the suction 
ty] consisting of the usual generator, 






Scrubber and equalizing tank. The vap- 
orizer for supplying steam to the fuel bed 











SUCTION PRODUCER 
porting combustion. ‘These features also 
are clearly illustrated in Fig. 2. 

The scrubber is of the wet, coke-filled 
type and the equalizing tank is a simple 
drum with an equalizing chamber formed 
in its cover and separated from the drum 
by a rubber diaphragm. A small vent in 


INTERESTING 


air to in or out 
slowly, forming a sort of brake on the 
fluctuations of pressure within the drum. 

The regulator controlling the admission 
of steam to the fuel bed is unusual. It is 
shown in section by Fig. 3. The outlet 
at the bottom is connected to the ash-pit 
of the generator; the upper intake admits 
air only and the intake near the middle 
admits steam. "When running light, the 
suction is insufficient to pull down the 
piston valve, and air alone passes through 
to the fire. As the load increases, the in- 
creasing suction pulls down the valve 
more and more until the steam ports are 


the cover allows pass 


uncovered to an extent depending on the 
load. This prevents the 
chilling of the fire with steam at very 
light loads and graduates the supply at 
heavier loads. 


arrangement 


The company is also building a line of 
simple emgines, which we shall describe 
next week. 





The Westover CO, Recorder 





C. O. Mailloux described at a recent 
meeting of the American Institute of 


Electrical Engineers a CO. recorder, in 
which the operations of the Orsat appar- 
atus are out automatically and 
continuously, the work incidental thereto 
being small 
motor partially visible in the lower left- 
hand portion of Fig. 1. 

The function of the movable bottle of 
the Orsat apparatus is performed by two 


carried 


done by a constant-speed 


movable vessels, k and p, in Fig. 2, which 
are counterweighted and are raised and 
lowered or held stationary at certain posi- 


tions and at certain times by means of 
cam-actuated devices. One of the mov- 
able vessels, k, serves to displace the 


sample of gas when it is first received and 
the other, p, to handle it during the oper- 
ations of measuring, treating and re-meas 


uring. 
The selector is provided with a small 
steam injector and with a number of 


valves, controlling the supply of gas from 
the different sources, and so operated that 
only one is open at a time. In the engrav- 
ing that opposite the opening a is shown 
open the others The 
jector causes a stream of gas to be drawn 
from the source to be tested and to flow 
through the selector and out through the 
exhaust pipe ¢. The opening of the valve 
of each sampling pipe is so timed by the 


and closed. in- 





Escape Pipe 


Vaporizer 


FIG, 2. 


motor-driven mechanism that it occurs 
some seconds before the sample is taken 
for analysis, thereby allowing the sampling 
pipe to be first cleared of stale samples. 
The sample is taken into the recorder 
through the receiving vessel g. Before 
the sampling pipe is cleared, the movable 
vessel k is raised to its highest position 
by the action of the cam, thus causing the 
liquid to fill the vessel g and empty it of 
all gas. When a new sample is to be taken 
the vessel k descends, causing the liquid 
in the vessel g to lower and consequently 
causing a greater volume of gas to be 
aspirated from the selector into the vessel 
g. The gas is prevented from leaving the 
vessel g by the sealing action of the liquid 
in the pipe connected with the selector. 
When the vessel k has reached its low- 
est position, it remains stationary during 
an interval of time sufficient to allow 
the valve fh to be opened by the motor- 
driven mechanism, and to make connec- 
tions between the vessel g and the meas- 
uring vessel 1. The vessel k is then 
caused to rise by the action of the motor- 
driven cam; the liquid rises in vessel g 
and forces the gas into the measuring 
vessel /. The capacity of vessel g being 
from four to six times greater than that 
of vessel /, there will be more gas than is 
necessary for one analysis. The pressure 
produced by the rising of receiver k, and 
the rising of the water level in the vessel 
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Wet Scrubber 








SECTIONAL VIEW OF MONAHAN PRODUCER 

















FIG. I. THE WESTOVER CO. RECORDER 


g, tends to force the liquid into the measur- 
ing vessel /. This pressure would, ob- 
viously, compress the gas, were it not 


Equalizer 
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FIG. 3. STEAM REGULATOR 


Engine 


that room is made for the gas by the 
lowering of the vessel » (which then 
occurs by the action of the motor-driven 
cam), and the consequent lowering of the 
liquid in the space m, until the liquid is 
about half an inch below the mouth of 
the measuring vessel o and through the 
vent pipe to the atmosphere or to an ex- 
laust pipe. The vessel p remains station 
ary at its lowest position for a brief inter- 
val, during which the valve h is moved so 
a» to close the connection between / and 
g and open the connection between / and 
i, The displacement vessel p then begins 
to rise. The consequent rise of the liquid 
and of the float » in the measuring vessel 
| causes the gas therein to be imprisoned 
or sealed. The farther rise of the displac- 
ing vessel p and the farther rise of the 
liquid. at » now cause the liquid to rise 
in the measuring vessel J, and the gas to 
be displaced out of the said measuring 
vessel, through the valve h into the caustic 
potash-vessel treating chamber i. The 
liquid in the vessel i is displaced to make 
room for the gas, the excess of liquid 
being forced into the supplemental re 
ceiver j. ' The chamber i, being of rela 
tively large diameter and filled with iron 
wire netting, presents, as the level of the 
liquid in it is lowered, a very finely sub- 
divided surface which is wet with the 
chemical re-agent (caustic soda or caustic 
potash). The amount of surface exposed 
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ipproximately 4o times greater than 
the cross-sectional area of the vessel 7; 
ccusequently the rapidity of the absorp- 
the CO. is greatly increased. 
The presence of this iron netting has the 
further advantage of stirring and mixing 
up the solution when it rises again in the 
yessel 1, which happens when the vessel 
p. after having reached the upper end of 
its excursion and having remained there 
a certain length of time, descends, allow- 
ing the level of the liquid to fall in the 
vessel n, thereby reducing the pressure 
exerted on the gas in the vessel i, causing 
the unabsorbed gas or residue to return 
fiom the vessel 7, through the vessel h, 
into the measuring vessel J. This return 
process is assisted by the simultaneous 
fall of the level of liquid in the compen- 
sating vessel j, and its rise in the vessel 7. 
It will thus be seen that the residual gas is 
measured in the same vessel in which 
the sample was measured before the 
analysis. 

The final step is the estimation of this 
residual volume of gas as a percentage 
of the original volume of the sample. 
This is accomplished in an ingenious man- 
There are two cylindrical pivoted 
floats, 2 and o, in the vessel m. Each float 
carries, at its lower part, an annular elec- 
trical contact which forms part of an 
electric circuit, indicated on the diagram. 
The electric circuit is controlled at an- 
other point by a contact-segment mounted 
on a revolving disk which is operated by 
the motor-driven mechanism. The elec- 
trical contact at this segment is so timed 
by the mechanism, that it occurs only dur- 
ing the final period of the analysis, when 
the percentage of CO, is to be determined 
and recorded. 

When during this period the vessel p 
is lowered, causing the residual gas to be 
returned from the vessel 7 into the vessel 

for the estimation of its volume, the 


ti of 


ner, 


floats n and o each tend to follow the 
levels of the liquids in the respective por- 
tions of the vessel m. The float n will re- 
main stationary when the residual gas has 
all been returned from the absorption 
chamber i to the measuring vessel /. 

lf the original gas contained COs, the 
residual gas will obviously be of smaller 
volume; consequently the level will not 
fall as low as the mouth of the measuring 
vessel and the float mn, which forms a 
sort of plunger or piston in the lower part 
ot the vessel /, will remain at a higher 
Position. 

When, now, by the continued lowering 
of the receiving vessel p, the float o, in 
following the level of the liquid, has come 
down to a point where its annular con- 
tact touches the annular contact of float n, 


the electric circuit will be closed, the elec- 
tromagnet q will be energized, and the 

irement will be recorded on the 
Paper strip r. It will be seen that when 


ircuit is closed, both of the floats m 
are in stable equilibrium because 
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the gases in the vessel / and in the vessel 
m are thus at atmospheric pressure; and 
the barometric condition is eliminated. 
When the same recording apparatus is 
used for several boilers, the recording 
point and the recording strips are dupli- 
cated. 

The driving mechanism of the apparatus 
automatically makes an analysis for each 
of the boilers in succession and makes a 
record of the analysis on a chart corre- 
sponding to that boiler, four such charts 
being shown in Fig. 2. At the end of an 
analysis, the residual gas is positively 
cleaned by the rising of the liquid until it 
fills entirely the measuring chamber. This 
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half minutes. Therefore, a recorder serv- 
ing four boilers can give a record for each 
of the four boilers once every six minutes, 
or ten times per hour. If the recorder is 
serving only two boilers, it will give a. 
record for each every three minutes, or 
twenty times per hour. 

It is an important advantage of this CO, 
recorder that the measurement of the gas 
residue does not take place in the treating 
vessel i. By adhering to the Orsat prin- 
ciple, and forcing back the gas residue to 
the measuring vessel | before measuring 
it, some more or less important causes of 
error, due to changes in the volume of 
the re-agent solution, by reason of changes 
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FIG. 2. 


THEORETICAL DIAGRAM 


is done by a preliminary upward excur- 
sion of the displacing vessel p which rises 
for that specific purpose until the level of 
the liquid in the vessel / reaches the top. 
The only gas that is not displaced is that in 
the small tube connecting with the valve 
h. The succeeding analysis begins by the 
transfer of a new sample into the vessel 
g, while the residue is being expelled 
from the vessel /. In this way a certain 
amount of time is gained in getting ready 
for the succeeding test. The design of 
the treating chamber i is such as to re- 
duce to a minimum the time required 
for the absorption of the COs. The re- 
cotder can make a complete analysis and 
record inside of one and 


the same one- 



















































OF THE WESTOVER CO2 RECORDER 


of temperature and of actual increase due 
te the absorption of CO, are avoided. In 
such a-case, the error due to a change of 
temperature will, obviously, be all the 
more important when the total quantity 
of solution is large. The expansion of the 
liquid in the vessel i, either from ab- 
sorption of CO, or from rise of temper- 
ature, has no influence on the final re- 
sult. The vessel j with which the vessel 
i is connected, is open to the atmosphere, 
and consequently allows adjustment to 
be made automatically between the two 
vessels, for change of volume. The ap- 
paratus is made by the Sarco Fuel Saving 
and Engineering Company, 90 West street, 
New York. 
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The Capell Fan Blower 


This wheel is the invention of G. M. 
Capell, of London, Eng., who has devoted 
a quarter of a century to its development. 
It has been used heretofore mainly in mine 
ventilation, a field in which it has found an 
extensive application all over the world. 
It should be equally adapted to all cases 
where: large volumes of air are to be 
handled under moderate pressures, and 
an effort is to be made to extend its field 
of usefulness. 

The wheel consists of a series of wings, 
which are made with a curvature and 
length best suited to the conditions of 
speed, volume and pressure required. The 
essential considerations in its design are 
to provide for gases entering the wheel 
without undue deaties at the inlet ; to pass 
them through the wheel with a minimum 
of friction and internal eddies; 
them from the wheel at the required pres- 
sure and volume; and to insure the high- 
est voluimetric efficiency, expressed by di- 
viding the volume of the gases delivered 
per revolution by the displacement of the 
revolving wheel. When properly designed 
to meet the requirements of the installa- 
tion, this type of fan has frequently given 
mechanical efficiencies of 85 per cent., and 
200 per cent. volumetric efficiency, as ex 
pressed above. The higher this volumetric 
efficiency, the smaller the wheel required 
to perform a given service. It is made in 
this country by the Capell Fan and En- 
gineering Company, Pittsburg, Penn. 


to deliver 





Receiver Pressure Regulator for 
Compound Engines 
The increasing demand for low-pres- 


sure steam for heating and manufactur- 
ing purposes, and the practice of draw- 
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ing steam from the receiver of compound 
engines for such purposes has made it 
desirable to utilize a pressure regulator, 
to automatically control the cut-off in the 
low-pressure cylinder by means of the 
fluctuating pressure in the receiver. 

Figs. 7 and 2 illustrate two types of 
regulator, A and B, designed by Charles 
T. Main, 1110 Exchange building, Bos- 
ton, Mass., and Fig. 3, type C, shows a 
regulator, designed by Ralph J. Patterson. 

The type A regulator, Fig. 1, consists of 
a small cylinder C, in which is fitted a 
piston P, the receiver pressure being ad- 
mitted below the piston, the cylinder 
above the piston being open to the atmos- 


As shown, 


phere. the piston-rod R and 
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rod R’ connect with the arm 4, the move 
ment of which operates the trip-rods T 7 
of the engine valve-gear. 
the weights W and W’ are suspended 
the weight WV” determines the lowest pres 
sure to be carried in the receiver, as 

brings the piston down and decreases th¢ 
cut-off in the low-pressure cylinder whe: 
the pressure in the receiver increase 
The piston is then forced up, due to in 
creased pressure in the receiver, causin; 
an increased cut-off in the low-pressur 
cylinder. 
from the 


vertical under-pivot, balanc¢ 


the variable pressure from the shortest 


possible cut-off to full stroke on the low 
pressure cylinder. 
In order to obtain a long cut-off whe 


starting up the engine the hand-wheel FH 
it also regulates the minimum 


is used; 


cut-off, or a fixed cut-off, when desire: 
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FIG, 2. TYPE B REGULATOR 


To the arm B 


The weight W’, as it swings 
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cylinder and piston. 
are operated by the movement of the pis- 
ton and rod R, to which is connected a 
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The nuts N and N’ are to limit the range 
f cut-off. 
Type B, Fig. 2, consists of a small pipe, 


The trip-rods T T 
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per tubing connect the inlet header with 
the outlet header, passing from end to 
end of the heater shell, as indicated in 
Fig. 1. Fig. 2 shows one of these helices, 
with a break near the center to show the 
relative thinness of the tube wall. 

















FIG. 3. TYPE 
weight W. A series of weights W’ are 

also used, but they are not connected with 

the rod R, and are lifted in turn as the 

rod R rises. 

With an increasing pressure in the 
cylinder the piston is forced upward and 
the cut-off in the low-pressure cylinder 
is increased. As the pressure falls the 
weights force the piston down and the 
cut-off is decreased in the low-pressure 
cylinder. The lowest pressure carried is 
determined by the weight W, while the 
weights W’, lifting one after another, 
balance the variable pressure from the 
shortest possible cut-off to full stroke on 
the low-pressure cylinder. The hand- 
wheel H is for the same purpose as in 
Fig. 1. 

Type C, Fig. 3, consists of a cylinder 
C and piston P, the steam pressure being 
admitted below the piston; the cylinder 
above the piston being under atmos- 
pheric pressure. In operation the piston 
moves the compound lever B and L, the 
latter being connected by the rod R to the 
valve trip motion. A movable weight 
W is placed on the lever B for the pur- 
pose of maintaining the desired receiver 
pressure. When the receiver pressure in- 
creases the piston is forced up, increasing 
the cut-off in the low-pressure cylinder; 
when the pressure decreases, the weights 
force the piston down, decreasing the cut- 
off in the low-pressure cylinder, with a 
consequent rise in the receiver pressure. 





Reilly Multicoil Feed-water 
Heater 





The Griscom-Spencer Company, of 90 
West street, New York, has adapted to 
Stationary service the Reilly “multicoil” 
feed-water heater which has been in ma- 
rine service for some time. The feature 
of this heater lies in the form of its 
heating surfaces. Several helices of cop- 
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It is claimed that this construction gives 
high efficiency and practically obviates 
scale formation. The convolutions of the 
helix, it is explained, are of such small 
diameter and the velocity of the water is so 
high that the water is violently agitated 
and thereby brought into more thorough 
contact with the wall than would other- 
wise be the case. The high velocity of the 
water through the helix is also claimed to 
prevent scale formation. 

The headers, at the top and bottom of 
the shell, are made of brass, cast steel or 
cast iron, according to the class of serv- 
ice for which the heater is intended. The 
helical tubes are connected to the headers 
by ground unions, screwed into the head- 
ers and brazed to the ends of the helices, 
no packing being used between the halves 
of the unions. 





The Stratton Rotating Engine 





The latest departure from the conven- 
tional in steam-engine design is the 
Stratton rotating engine, called “rotat- 
ing” to distinguish it from the numerous 
“rotaries”’ which have disappointed their 
inventors and promoters from the time 
of Watt. It is not a “rotary” engine, be 
cause it retains the reciprocating piston, 
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tied together by rods R R connecting the 
external cressheads, as shown in the ac- 
companying engraving. The crossheads 
carry rollers 4 A which travel upon the 
cams BB. The valve C remains station- 
ary. The roller bearings upon which the 
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FIG. IT. REILLY HEATER FOR STATIONARY 


POWER PLANTS 
carried are at DD. 
In the position shown in the transverse 
section the cylinder in the northeastern 
quadrant of the circle is just taking 
steam; that in the southeastern quadrant 
has cut off by the passage of the edge of 
the port by the edge of the steam inlet, 
and is working expansively. The cylinder 


rotating parts are 

















FIG, 2. 


but it is a “rotating” engine because -the 
whole thing—cylinders, pistons and all— 
rotates about the axis. 

For the ordinary case there are four 
pistons working in single-acting cylinders, 
the pair in the opposed cylinders being 





ONE OF THE REILLY 


HEATER COILS 


in the southwestern quadrant is open to 
the exhaust and that in the northwestern 
quadrant has just about finished its ex- 
haust stroke and is about to be closed for 
compression. 

It will be noticed that the pressure up 
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on the pistons gives the rollers to which 
they are connected a tendency to roll 
downhill upon the cams and thus to ro- 
tate the cylinders and the wheels to which 
they are connected in the direction shown 
by the arrows. 

The engine is compact in appearance 
and can be readily arranged for reversing. 
It cannot be run at excessively high 
speeds, however, on account of the unbal- 
anced reciprocating parts. The power is 
divided into four single-acting cylinders 
with a corresponding increase of condens 
ing and heat-exchanging surface and of 
clearance, and while it may find applica- 
tion in the traction, motor-boat and other 
fields, where its compact form may be an 
advantage, it certainly has nothing to it 
to warrant its characterization as “The 
Marvel of the Age,” nor to justify any 
expectations that it will effect the saving 
of 25 per cent. claimed for it over the 
ordinary type of engine. It is manufac- 
tured by the Stratton Engine Compary, 
Fitchburg, Mass. 





** Eclipse” Exhaust Head 





The desirabilities in an exhaust head 
are cleanliness, protection to adjoining 
property from moisture and oil, and a 
slight saving in condensed water, pro- 
vided the drain pipe is connected to a 
trap or return tank. 

The illustration shows the construction 
of the “Eclipse” exhaust head, which is 
made of galvanized-iron sheets riveted at 
the joints. The base is fitted with a flange 
coupling for bolting to a corresponding 
coupling on the exhaust pipe. 

As the exhaust steam enters the head 





FIG. I. 





DIAGRAM OF POWER CAM AND ROLLS, > Fit, 2. . 
WITH SECTION OF VALVE 
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it is deflected by the small baffle-plate 
against the side, but is prevented from 
escaping through the outlet by the second 
and larger baffle-plate which again de- 
flects the steam to the sides of the head, 
and striking the top, its direction of travel 
is reversed downward into the large 
baffle-plate where its course is again 
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“ECLIPSE” EXHAUST HEAD 


changed and the steam escapes through 
the top. 

It is evident that very little moisture 
will escape owing to the position of the 
baffle-plate, and the water of condensa- 
tion passing out through the drip-pipe at 
the bottom of the head leaves fairly dry 
steam to pass to the atmosphere. It is 
manufactured by the Standard Gauge 
Manufacturing Company, Syracuse, N. Y. 
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The Smoke Problem 





For economical combustion it is desir 
able to burn coal, as everyone familia: 
with the subject knows, with as little ai: 
as possible. The smoke problem, as it 
presents itself to the steam user, is to 
burn the coal with a maximum quantit) 
of air and a minimum quantity of smoke, 
and as a financial question, with 
minimum expenditure on boilers, which 
implies, of course, a maximum rate of 
combustion. It is easy, in fact, to burn 
coal without smoke, provided there is 
plenty of boiler power and the question 
of economy is not important. We re- 
member about 12 years ago some trials 
being made by a committee representa 
tive of some of the principal towns in 
Lancashire to test the value of various 
smoke-preventing appliances, and as part 
of their scheme a competition was insti- 
tuted under the auspices of the Sheffield 
Smoke Abatement Association between 
firemen with a view to encourage intelli- 
gent interest in the burning of coal. 
“Prizes were offered to the stokers who 
could make the most steam, i.e., evaporate 
the greatest quantity of water in a given 
time with the smaallest quantity of fuel 
and the least smoke,” and a number of 
practical men entered the competition. 
The results were interesting and instruc- 
tive. The one who secured the highest 
evaporative duty was the one who made 
the greatest amount of smoke, and, 
curiously enough, the one to whom the 
prize was awarded for the least smoke 
emission, obtained, with one exception, 
the lowest economy, the evaporation per 
pound of coal in his case being only 7.95 
pounds.—Mechanical Engineer. 
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CROSS-SECTION OF THE STRATTON 
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The Curtis Steam Turbine in Practice—l 


Details of Construction of a Curtis Turbine Made Plain, with 
Simple, Practical Directions for Its Operation and Adjustment 


SY FRED es JOHNSON 























NINE-THOUSAND KILOWATT CURTIS-TURBINE UNIT FISK STREET STATION, CHICAGO 
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“Of the making of books there is ne end.” 
This seems especially true of steam-tur- 
bine books, but the book which really ap- 
peals to the operating engineer, the man 
who may have a turbine unloaded, set up, 
put in operation, and the builders’ repre- 
sentative out of reach before the man who 
is to operate it fully realizes that he has a 
new type of prime mover on his hands, 
with which he has little or no acquaint- 
ance, has not been written. There has 
been much published, both descriptive and 
theoretical, about the turbine, but so far 
as the writer knows, there is nothing in 
print that tells the man on the job about 
the details of the turbine in plain la 
guage, and how to handle these details 
when they need handling. The operating 
engineer does not care why the moving 
buckets are made of a certain curvature, 
but he does care about the distance 
between the moving bucket and the 
stationary one, and he wants to know how 
to measure that distance, how to alter the 
clearance, if necessary, to prevent rub 
bing. He doesn’t care anything about the 
area of the step-bearing, but he does warit 
to know the way to get at the bearing to 
take it down and put it up again, etc. 

The lack of literature along this line is 
the writer’s apology for what follows. The 
Curtis 1500-kilowatt steam turbine will be 
taken first.and treated “from the ground 
up.” 

On entering a turbine plant on the 
ground floor, the attention is at*once. at- 
tracted by a multiplicity of pumips*accum- 
ulators and piping. These are called 
“auxiliaries” and will be passed for the 
present to be taken up later; for though 
of standard types their use is compara- 
tively new in power-plant practice, and 
the engineer will find that more interrup- 
tions of service will come from the auxil- 
iaries than from the turbine itself. 


BUILDERS’ FOUNDATION PLANS INCOMPLETE 


The builder furnishes the foundation 
plan, and while it is all that is needed for 
the machine to stand on, it is not as com 
plete as it should be. The only holes which 
the drawing shows are the ones for the 
feundation bolts, which are really needed 
less than any other part of the machine. 

Fig. 1 shows the builder's foundation 
drawing, with the addition of several hor- 
izontal and radial tubes introduced to give 
passage for the various pipes which must 
go to the middle of the foundation. [én 
tering through the sides of the masonry 
they do not block the passage, which must 
be as free as possible when any work is 
to be done on the step-bearing, or lower 
guide-bearing. Entering the passage in 
the foundation, a large screw seen 
passing up through a circular block of cast 
iron with a 34-inch pipe passing through 
it. This is the step-supporting screw. It 
supports the lower half of the step bear- 
ing, which in turn supports the entire re- 
volving part of the machine. It is used 
to hold the wheels at a proper hight in ¢! 


is 


ic 
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casing, and adjust the clearance between 
the moving and stationary buckets. The 
large block which with its threaded bronze 
bushing forms the nut for the screw is 
called the cover-plate, and is held to thie 
base of the machine by eight 14-inch cap- 
screws. On the upper side are two dowel- 
pins which enter the lower step and keep 
it from turning. See Figs. 2 and 3 
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water. The upper step-block 
dowel-pins, also a key which fits into 
slot across the bottom end of the shaft 

The upper side of the top block ts cou 
tcrbored to fit the end of the shaft. 1 
counterbore centers the block. The dow 
pins steer the key into the keyway ac1 
the end of the shaft, and the key com; 
the black to turn with the shaft. 11 
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Sub-Base, 





FIG, | 


‘the step-blocks are very common-look 
ing chunks of cast 
rererence 


iron, as will be seen by 
hig. 4. Fhe witi 
straight sides (the lower one in the illus- 
tration) has the two dowel holes to match 
the: pins spoken of, with a hole through 
the center threaded for %4-inch pipe. The 
step lubricant is forced up through this 
hele and out between the raised edges in 
a film, floating the rotating parts of the 
machine on a of 


to block 


frictionless disk oil or 


is also a threaded hole in the under 
of the top block. This is for the 

duction of a screw which is used to 
the top block off the end of the shaft 
taken off at all it must be pulled, io: 
dowel-pins, key and counterbore ar: 

fits. Two long bolts with threads 
whole length are used if it becomes 1: 
sary to take down the step or other { 
of the bottom of the machine. 
the bolts holding the cover-plate in 


Ty 


has tw 
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removed, these long bolts put in their 
places and the nuts screwed up against the 
plate to hold it while the remaining ‘bolts 
are removed. 


How to Lower STEP-REARINGS TO 
EXAMINE THEM 


Now, suppose it is intended to take 
down the step-bearings for examination. 
The first thing to do is to provide some 
way of holding the shaft up in its place 
while we take its regular support from 

ler it. In some machines, inside the 
bese, there is what is called a “tacking 
ring.” It is simply a loose collar on tue 
shaft, which covers the holes into which 
four plugs are screwed. These are taken 
ou: and in their places are put four hexag- 
onal-headed 


screws provided for the 










WE 





Oil Drain 


FIG. 2 


Purpose, which are screwed up. This 
brings the ring against a shoulder on the 
shaft and then the cover-plate and step 
may be taken down. 

While all the machines have the same 
general appearance, there are some dii 
ferences in detail which may be interest- 
ing. One difference is due to the sub- 
base which is used with the oil-lubricated 
Step-bearings. This style of machine has 
the jacking ring spoken of, while others 
have neither sub-base nor jacking ring, 
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and when necessary to take down the step 
a different arrangement is used, 

A piece of iron that looks like a big 
horseshoe, Fig. 5, is used to hold the shaft 
up. The flange that covers the entrance 
to the exhaust base is taken off and «a 
man goes in with the horseshoe-shaned 
shim and an electric light. Other men 
take a long-handled wrench and turn up 
the step-screw until the man inside the 
hase can push the horseshoe shim between 
the shculder on the shaft and the guide 
bearing casing. The men on the wrench 
then back off and the horseshoe shim 
supports the weight of the machine. When 
the shim is in place, or the jacking ring 


207 


so it cannot rise and, with a nut on the 
lower end of the 34-inch rod, the tcp step 
is pulled down as far as it will come. The 
cover-plate is let down by means of the 
two nuts, and the top step-block follows. 
When it is lowered to a convenient hight 
it can be examined, and the lower end of 
ihe shaft and guide-bearing will be ex- 
posed to view. 

The lower guide-bearing, Fig. 6, is sim- 
ply a sleeve flanged at one end, babbitted 
cn the inside, and slightly tapered on the 
outside where it fits into the base. The 
flange is held securely in the base by eight 
¥-inch Between the cap- 
screw holes are eight holes tapped to %- 


cap-screws. 








__ Steam 
Supply 





























Yj TD ryy 
YU; 
ZA ¥ 
Y 
WH 


















Vili hibldildlla 
RAGS RQ MA 


Uy 











NY 
\ Y 
WY _ 
fi 


XS 
YY 





Vii) 
YU, 
YY (~ 
Lhhhhhhhdeha . 


A, 
Y 
4 


LARS 
Yy \ 

Yi, YY 
Yj 















MW fA 





' 
Water Drain 


Oil Supply 


set up, whichever the case may be, the 
cover-plate bolts may be taken out, the 
nuts on the long screws holding the cover 
in place. 

The %-inch pipe which passes up 
through the step-screw is taken down and, 
by means of the nuts on the long screws, 
the cover-plate is lowered about two 
inches. Then through the hole in the 
step-screw a 34-inch rod with threads on 
both ends is passed and screwed into the 
top step; then the cover-plate is b'ocked 























FIG. 3 


inch, and when it is desired to take the 
bearing down the cap-screws are taken 
out of the base and screwed into the 
threaded holes ‘and used as jacks to force 
the guide-bearing downward. Some pro- 
vision should be made to prevent the bear- 
ing from coming down “on the run,” for 
being a taper fit it has only to be moved 
about one-half inch to be free. Two bolts, 
ahout eight inches long, screwed into the 
holes that the cap-screws are taken frora, 
answer nicely, as a drop that distance will 
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not do any harm, and the bearing can be 
lewered by hand, although it weighs about 
two hundred pounds. 

The lower end of the shaft is covered 
by a removable bushing which is eastiy 
inspected after the guide-bearing has been 
taken down. If it is necessary to take 
off this bushing it is easily done by 
screwing four 5£-inch bolts, each about 
two feet long, into the tapped holes in the 
lower end of the bushing, and then pull. 
ing it off with a jack. See Fig. 7. 














FIG. 5 


Each pipe that enters the passage in the 
foundation should be connected by two 
unions, one as close to the machine as 
possible and the other close to the founda- 
tion. This allows the taking down of all 
piping in the passage completely and 
quickly without disturbing either threads 
or lengths. 





One thing to remember is that if a man 
does not know he cannot be cussed into 
knowing, especially if you have only a 
short time in which to give him the treat- 
ment. A better plan is to wait an oppor- 
tunity, and not let it pass when it comes, 
to talk with the man and do your best to 
give him help by way of instruction and 
advice.— D. R. 


before’ the 


Traveling Engineers’ Association. 


MacBain, 
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Some Interesting Relics 





There has been presented to the Amer- 
ican Society of Mechanical Engineers, by 
Prof. John E. Sweet, a fine old copper- 
plate impression of the certificate of mem- 
bership in the Insurance Society of the 
Soho Manufactory of Boulton & Watt, at 
Birmingham. 

At the time of the death of James Watt, 
the room in his residence, Heathfield 
Hall, in which he did his private experi- 
mental work, was allowed to remain 
exactly as it had been left by him, and 
the subsequent owner of the _ house, 
George Tangye, of the well-known firm 
of engine builders of Birmingham, 
allowed this memorial of the great in- 
ventor to be visited by engineers and 
others. In 1903, Mr. Tangye came across 
a package in this room, sealed with the 
seal of James Watt, and upon opening it 
he found three impressions of the certifi- 
cate of membership above mentioned. 
One of these impressions was sent to 
Professor Sweet by Mr. Tangye through 
the hands of Squire Potter and William 
Pimlott. With the copy there came also to 
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Professor Sweet the pasteboard backing of 
the parcel, still having attached to it frag- 
ments of the seal of Watt. To this Mr. 
Tangye added a photograph of the 
interior of the room in which the package 
found, this photograph showing 
clearly portions of the carving and dupli- 
cating machine upon which Watt was en- 


was 
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gaged at the time of his death in 1819; 
also an old copy of one of the rules of 
the insurance society. 

An interesting feature of the old en 
graving is that in the background is ; 
view of the original works of Boulton & 
Watt, at what is now known as Hands 
worth. This building was pulled down in 
1863, and Professor Sweet had made 
sketch of it at that time, completing th: 
view by the appearance of the portion stil! 
standing. This drawing has its correctnes 
fully confirmed by the contemporary pic 
ture of the building as it appears on the 
old engraving. These relics of Watt hav 























FIG. 7 


been presented to the American Society 
of Mechanical Engineers by Professor 
Sweet and will be framed and placed 
among its increasing collection of docu- 
iments relating to engineering history. 
H. H. Suplee also presented to the soci- 
ety: an interesting document relating to 
the work of Robert Fulton. It is well 
known that at the time Napoleon was 
preparing his projected invasion of Eng- 
land, from 1802 to 1805, Fulton, then a 
resident of France, offered to him a plan 
for the steamboat as a means of convey- 
ing his troops across’ the channel, during 
calm weather, when the British sailing 
vessels would be powerless. For some 
time the original record of this offer of 
Fulton’s could not be found, but it is now 
known to be in the archives of the Con 
servatoire des Arts et Métiers, in Paris, 
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aid, through the efforts of his friend 
Jacques Boyer, Mr. Suplee stated that he 
had succeeded in obtaining a photograph 
of it. This photograph includes a four- 
page letter in the handwriting of Fulton, 
describing fully his plans for steam navi- 
gation, together with a complete drawing 
oi the steamboat, representing the ma- 
chinery practically as it was subsequently 
employed on the “Clermont.” This letter 
is addressed to the commission to whom 
Fulton was referred by Napoleon, con- 
sisting of MM. Molard, Bandell, and 
Montgolfier, but their adverse report pre- 
vented the plan from being put into 
execution, otherwise it is possible that the 
fate of Europe might have been changed. 
li is interesting to note that Montgolfier, 
the inventor of the balloon, was a mem- 
ber of the commission that rejected Ful- 
ton’s plan. 

These documents are dated 4 Pluviose, 
year XI, in the French republican calen- 
dar, corresponding to January 25, 1803, 
thus antedating by about three and a half 
years the first trip of the “Clermont” on 
the Hudson. 
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608. On high-potential switchboards 
should not considerable space be allowed 
between the bus-bars and between the 
bars and the board? 

On high-potential boards there should 
he at least six inches of space around 
every bus-bar; there should also be that 
much clearance between adjacent bars, and 
all of the bars should be six inches or 
more from the switchboard, 


609. How should round bus-bars be 
supported on high-potential boards? 

In order to insure the maintenance of 
proper distance between the bars and the 
wooden frame brackets may be employed, 
as in Fig. 175. The supporting arm a 
of the bracket is fastened to the wooden 
upright b by means of lag bolts c, ete. 
The insulator consists of two parts, f and 
f, clamped to the bus-bar / by means of 
the upper half of the bracket d, which 
is fastened down with two screws e, one 
of which is shown. The insulator ff may 
be in one piece, in which case it should 
uch diameter as not to fit too loose- 
ly around the insulation g. 


610. How should flat bus-bars be sup- 
rte n high-potential boards? 
bars are bolted to small slabs or 
of marble fastened to the wooden 
fri as in Fig. 176. As will be seen, 
t] rhle block b is secured to the wood- 
en upright @ and the bus-bar ¢ is bolted 
t block. During construction care 
‘exercised not to crack the marble 
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blocks. This may be avoided by placing 
a sheet of asbestos between the marble 
and the wood and another between the 
bus-bar and the marble. 


611. Are the methods of making con- 
nections which have already been ex- 
plained applicable to the different forms 
of bus-bars? 


Yes, if the contact surfaces are suffi- 


“cient in area to provide against loss at 


the connections and the quality of the 
connectors and conductors is good. 


612. How much current is it considered 
safe to transmit per square inch of con- 
tact surface? 

Between 100 and 200 amperes per square 
inch, depending ‘upon the method of 
clamping, bolting, or soldering. A good 
average working value is 160 amperes 
per square inch of contact surface. Minor 
connections to bus-bars, such as those of 
switch leads, feeder ends, etc., whether 
bolted, clamped, or soldered to the bars, 
should have a contact surface of between 
ten and twenty times the cross-sectional 
area of the smaller of the two conductors 
connected. 


613. How much current is it considered 
safe to transmit through copper conduc- 
tors per square inch of their cross-sec- 
tional area? 

It is usually safe to allow about 1000 
amperes for every square inch of cross- 
sectional area, which is equal to 1000 cir- 
cular mils of cross-section for every am- 
pere of current transmitted. 


614. Are there any special conditions 
under which the figures given in Question 
613 would not be safe? 


Yes; for example, if the quality of the 

















FIG. 175 


copper conductor is not good. 
per bars may be of the sam 


Two cop- 
dimensions 
and apparently just alike but still have 
widely different current-carrying capacity. 
Only a small amount of foreign material 
added to copper greatly depreciates its 
value as an electrical conductor. By mere 
ly adding 1.56 per cent. of zinc to a cop 
per conductor, the current carrving capa 
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city is reduced to 46.88 per cent. of the 
carrying capacity of pure copper; 5.51 per 
cent. of zinc added, reduces the conduc- 
tivity to 33.32 per cent. of that of pure 
copper. The loss in conductivity caused 
by the addition of 1.41 per cent. of tin is 
37.54 per cent., and this loss is increased 
to 80.32 per cent. hy increasing the per- 

Therefore, unless 
an engineer measures the resistance of 


centage of tin to 6.02. 

















FIG. 176 
the bars, he cannot judge accurately of 
their actual conditions. Where this is not 
practicable, it is necessary to make allow 
ances for possibilities 

The current-carrying capacity is also 
affected by conditions other than the qual 
ity of the copper, most important of which 
is the amount of surface exposed to the 
atmosphere. . The copper 
increases rapidly as the temperature rises, 
but the temperature may be kept down to 
some cxtent by 


resistance of 


providing ample surface 
Thus, a '4x2-inch bar of 
copper will be more efficient than a IxI- 


inch bar, although the cross-sectional area; 


for radiation. 


For this reason it is best 
to use several small bars in place of a 


are the same. 


single heavy bar having a cross-sectional 
area equal to that of all the small bars. 


615. Explain how the weight of copper 
ona switchboard may be calculated ? 

Copper weighs 0.2204 pound per cubic 
inch. Multiplying this figure by the num- 
ber of cubic inches in a bar will give its 
Applying this method to the 
other switchboard fittings made of copper 


total weight 


and adding the results together will give 
the total weight of copper on the switch- 
board. 


616. How may the expense of the cop- 
per fittings on a switchboard be estimated? 
Bus-bars and other plain, copper fittings 


usually cost about 22 cents per pound. 
Multiplying this figure by the total weight 
of copper used, as determined in Question 
615, will give 


cost. 


an idea of the approximate 
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Causes of Knocks in Steam Engines—| 


Interesting Explanations of the Most Common of These Annoy- 
ances, with Simple, Practical Directions for Preventing Them 
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While the word “knock” has many and 
varied applications, its meaning in this 
article is confined to that species of 
knocks with which every operator of a 
steam engine is familiar. In this class 
there are all degrees of knocks, from the 
small click to the nerve-racking (and 
sometimes engine-wrecking) pound. 

When a knock develops in an engine it 
is usually evidence that something needs 
looking after; and, in general, knocks are 
or should be a feature for elimination. 
But to locate and remove all knocks in an 
engine is not always as simple a matter 
as might be supposed. One reason for 
this is that all parts of the engine are in- 
timately connected, and a knock produced 
at one point is transmitted to all parts of 
the machine. Sometimes, due to the form 
or material of some particular part of the 
machine, the sound will appear to origi- 
nate at this point, when in fact it may be 
produced at some distance from it. The 
principle is the same as that involved 
when a_ vibrating tuning-fork is held 
against a table. 

Generally speaking, a knock in an en- 
gine is the result of lost motion between 
two parts. It therefore follows that 
every bearing in the machine may be the 
occasion for a knock, provided sufficient 
looseness be afforded and that there is a 
reversal of forces acting. All bearings 
that have motion must of necessity have 
some clearance between the parts, other- 
wise there would be undue friction and 
heating. This clearance, when not exces- 
sive, is filled with oil which lubricates the 
parts and acts as a cushion between the 
metallic surfaces, reducing or removing 
the tendency to knock. 

In nearly all bearings of a reciprocating 
engine there is a reversal of pressure at 
every stroke. The natural place to look 
for a knock, therefore, is in those bear- 
ings where pressures are greatest and 
where one would expect the most wear, 
viz, the main bearing, crank-pin, cross- 
head pin and slides. These knocks are 
usually easily located, while the engine is 
running, by flooding each bearing in turn 
with oil. When a bearing has compara- 
tively little lubrication the knock will be 
sharp and metallic, but when flooded with 
oil the excess is squeezed out from be- 
tween the bearing surfaces and cushions 
the blow, reducing the knock to a slap- 
ping sound. Ordinarily, therefore, simply 
keying up the bearing in question should 
remove the knock. 


c. 


J. 


In line with the above, an engine which 
is quite noisy when supplied with oil in 
drops may often run beautifully wheu 
lubricated by means of a pressure or grav- 
ity system. The latter method, we are 
disposed to say, is the sensible way to 
lubricate an engine of any considerable 
size, at least. Many high-speed engines 
are lubricated by splashing the oil in 
the crank-case, and bearings are often run 
loose without knocking, for the reason 
that they are always flooded with oil. 

The proper adjustment of the engine 
valves may have a great deal to do with 
quiet running. The object is to have the 
thrust at different bearings reversed as 
gradually as possible. Unless an engine 
has good steam distribution it is often 
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gine runs “over,” the thrust from the con 
necting-rod is downward, except at th 
instant the engine is passing centers, wher 
the crosshead has nothing but its weigh: 
to keep it firmly against the slide. Should 
the compression be excessive, however, i 
can be seen that the crosshead might b 
lifted from the slide toward the end ot 
each stroke. Normally; therefore, ther 
should be no knock between the cross 
head and the slide, even though the for 
mer has a chance to lift; but since fron 
any variation in speed or pressure thi- 
might occur, it is not safe to run witl 
excessive clearance between the top slid 
and “crosshead. But when the engine 
runs “under,” conditions are opposite 
The crosshead is then forced against the 











FIG. 


useless to attempt to get it to run quietly. 
It does not necessarily follow that an en- 
gine with badly adjusted valves must 
knock, but the chances for smooth run- 
ning are certainly much fewer. This is 
especially true in the higher-speed en- 
gines. The first step therefore toward re- 
moving knocks from an engine, if there 
is any doubt about the setting of valves, 
is to apply the indicator. 


Causes oF SoME Knocks 

Fig. 1 shows a pair of indicator dia- 
grams taken from a small Corliss engine 
having a very bad knock in the head end. 
Many attempts at keying failed to im- 
prove matters, when the cause of knock 
was instantly located with the indicator. 
The engine had always run well until one 
night the engineer decided to examine the 
valves. In replacing them he accidentally 
got the head-end exhaust valve entered 
on the T head of the-.valve-stem upside 
down. 

By referring to Figs. 2, 3, 4 and 5, it 
will be seen that when a horizontal en- 
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top slide, except when at centers, and 
then the crosshead tends to drop onto 
the bottom slide from its own weight. It 
is necessary, therefore, to adjust the bot- 
tom crosshead shoes quite snugly when 
the engine runs “under,” or there will be 
a knock at every center. This knock is 
not, however, as sharp as one produced 
at any of the other bearings referred 
to, since the pressure per unit surface of 
the crosshead shoes is comparatively small 
In vertical engines, direction of rota- 
tion and weight of crosshead have, of 
course, no effect as far as producing 
knocks between the latter and its slides 
is concerned. Vertical engines of the di 
rect-connected type usually have the fl) 
wheel and the revolving member of the 
generator mounted on the shaft between 
the engine bearings, and the total weig!it 
of the rotating parts generally becomes 
so heavy that the shaft is not lifted from 
its bottom bearing by the upward pressure 
or the piston. It is therefore desirable 
allow an unusual amount of clearance be- 
tween the shaft and the top bearing, as this 
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rmits a freer distribution of the lubri- 
ing oil. 
if, therefore, the pressure in the cylin- 
r should from any cause be increased to 
point sufficient to lift the shaft, the 
ult will be a heavy pound when it re- 
rns to the bottom bearing. The above 
~urs in case water accumulates in the 
ttom end of the cylinder. Should the 
receiver pressure in a compound engine 
become excessive the shaft will lift; the 
me thing may also occur from ex- 
essive compression. Suppose the engine 
is running condensing, with the valves 
adjusted properly for that condition, then 
jer non-condensing conditions the com- 
ession would be much too great and 
1 to lift the shaft and cause pound- 


If the weight on the bearings is not in 
excess of the upward force on the piston 
the bearing caps of vertical engines must, 
of course, be set up snugly. A good ex- 
ample of the latter case is the marine en- 
gine, which has no fly-wheel, and the 
weight on the bearings is that of the 
shaft only. 

Knocks in the valve-gear can be located 
by flooding with oil, as described. The 
knock produced by an_ eccentric-strap 
which is too loose usually has a slapping 
sound unless the speed be high or lost 
motion great. The reason for this is that 
the surfaces between the eccentric and 
strap are large in proportion to the forces 
transmitted. In taking up an eccentric- 
strap, care needs to be exercised not to 


get it too tight, for while the pressure per 


unit of area is small, the sliding velocity is 
usually high. This is especially true in 
direct-connected engines, where the shaft 
is necessarily of large diameter. 

In some single-valve engines the eccen- 
tric-rod connects direct to the va've-stem, 
making only one bearing at this point and 
consequently only one chance for knock. 
But very often it is necessary to trans- 
fer the motion of the eccentric by means 
of rocker-arms into line with the valve. 
This offset in motion is a necessary evil 
since it multiplies the number of bearings, 
and, as there must of necessity be some 
clearance in each, the aggregate may re- 
sult in a number of knocks occurring 
simultaneously on the reversal of motion, 
which sounds like one heavy knock. 

Large engines often have the carrier 
arms and brackets cast hollow, for the 
Purpose of combining lightness with 
rigidity. This is excellent from an engi- 
neering point of view, but a large amount 
of surface is presented in these parts 
which greatly intensifies the sound of any 
existing knock. 

Some years ago a large Corliss engine 
came to the writer’s notice, which, while 
it ran well and gave good service, had 
What seemed a fearful pound about the 
idle of each stroke. Many efforts had 

made to locate and remedy the trou- 
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ble without success, and it was finally 
concluded that the cylinder was not in line 
with the slide and that the thump was 
caused by the piston striking the side of 
the cylinder. The piston was accordingly 
removed and a line passed through the 
engine, but it was found in perfect aline- 
ment. 

It was a double-eccentric machine, and 
while operating condensing, the exhaust 
eccentric would be set somewhat in ad 
vance of the steam eccentric. It had been 
necessary to run non-condensing for some 
time due to lack of water, and the ex- 
haust eccentric had been set back to get 
the proper steam distribution for the latter 
condition. This happened to leave the 
two eccentrics moving in unison. 

There were two bearings for each car- 
rier-arm stud, and one for each eccen- 
tric-rod and wrist-plate connection, mak- 
ing eight bearings in all. It had no doubt 
been observed that these various bearings 
were not particularly tight, but it had oc- 
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curred to no one that there might be 
eight distinct knocks, all coming at the 
same instant, and all receiving the benefit 
of the resonance effect of the hollow arms 
and brackets. After these bearings had 
been carefully taken up and provision 
made for a better distribution of oil, the 
engine started off quietly, and everyone 
concerned said, “Well, did you ever?” 


KNocKs IN SHAFT GOVERNORS 


Nearly all high-speed and many of the 
so-called moderate-speed engines of the 
automatic cut-off class are provided with 
some form of shaft governor. The speed 
of the engine is controlled by shifting 
the position of the steam eccentric, either 
as to angle of advance or as to throw, and 
sometimes by a combination of both these 
movements. Knocks sometimes develop 
in these governors which are not easily 
located since the parts are revolving with 
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in a wheel and consequently difficult to 
study while in motion. There are several 
reasons for these knocks. Sometimes the 
bearings in the governor do not receive 
proper lubrication. These parts should be 
provided with some means of certain 
lubrication. Where an engine runs con- 
tinuously for long periods the governor 
bearings soon become dry and bind; the 
oil which was applied before starting is 
thrown off by centrifugal force, and it is 
an uncertain method to try periodically 
to oil the governor with a squirt-can. 

The fact that bearings are dry would 
often cause a knock of itself; but most 
shaft governors are very sensitive as to 
speed, and in consequence of this feature 
they often tend to move to extremes when 
any stickiness exists in the bearings of 
the governor arms. We have seen shaft 
governors which would allow the weights 
to rapidly alternate between the positions 
for no load and maximum load, striking 
the stops at both ends of their travel and 
producing knocks. This may occur so 
rapidly as to cause a surprisingly small 
variation in the speed of the engine. 

Knocks will often be produced in the 
shaft governor on account of excessive 
strains upon the various parts. This con- 
dition prevails when the valve or valves 
move too heavily, as from lack of lubrica- 
tion. When the boiler primes, the oil will 
be washed off the valve faces, causing 
undue friction, and if grit and particles 
of scale are carried over with the water, 
so much the worse. The result of the 
latter condition is most pronounced in an 
engine equipped with a snugly fitting 
balanced valve. The effect of the stick- 
ing valve in the case of a single-valve 
engine is to force the governor into the 
position for minimum cut-off, while the 
governor, responding to decrease in speed, 
struggles for the opposite. This condition, 
while tending to make the governor 
weights strike the stops, will also produce 
knocking in all the bearings through which 
the force is transmitted to the valve. 

Sometimes a single-valve automatic en- 
gine may run quietly, with bearings and 
pins loose, at one steam pressure, but 
knock fiercely when the pressure is re- 
duced. This looks like a paradox, but it 
is not when one analyzes the situation. 
In this type of engine the cut-off is short- 
ened by decreasing the travel of the valve, 
while the lead remains practically con- 
stant, This fs accomplished by moving the 
eccentric across the shaft in a direction 
which corresponds to a change of throw 
and angular advance. But as the cut-off 
exhaust closure also 
As the 
steam pressure drops, the cut-off becomes 
later and consequently compression is re- 
duced. Therefore, the real cause of knock- 
ing is lack of compression necessary to 
overcome the inertia of the reciprocating 
parts. 


is shortened the 
comes earlier, and vice versa. 
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Separators and Exhaust Heads 


By W. H. WAKEMAN 


These appliances are coming into use 
more extensively than ever before, show- 
ing that steam users and engineers are 
paying more attention to what were 
formerly considered unnecessary details. 
This refers more particularly to the use of 
separators in exhaust pipes to remove 
cylinder-oil, in order that exhaust steam 
niay be used for heating purposes, and the 
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resulting hot water returned to the boilers. 


Thousands of them 


are used in main 
steam-pipe lines and in branch pipes to 
eugines for removing water from the 
steam. The purification and use of ex 


haust steam result in a greater saving than 
has been secured from any other 
ment of 


improve- 
simple nature with which we 
familiar. 

The matter, 


are 
however, seems to have 
been overdone in some cases, making the 
first cost of a plant more than it should 


be. This is illustrated in Fig. 1, which 


shows the exhaust from an engine passing 
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up through a heater and going out 
through the roof to the atmosphere. Just 
above the roof there is an exhaust head 
which removes the water of condensation 
oi steam resulting from heating the feed- 
water that does not escape through a 
drip-pipe placed in the heater for that 
purpose. It also removes all cylinder-oil, 
leaving the steam dry and clean, to float 
away without doing any damage to roofs 
or adjacent windows. 

As cold weather approaches, the globe 
valve shown is opened and the back-pres 
sure valve closed, sending steam through 
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the pipe marked “To heating system.” 
The exhaust head is not in use now, but 
a separator removes all water and oil 


trom the exhaust steam and sends them to 


the sewer. Good results are secured in 
this way, but both appliances are not 
needed. 

Fig. 2 shows a separator just above the 
heater and an exhaust head above the 
roof. Steam that floats away from this 
engine during hot weather has been 
through two purifying processes, there- 


fore it must be very clean; but why should 


so much attention be given to steam that 
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is not to be used, 
to go to waste? 

When it is necessary to send steam 
through the pipe marked “To heating sys- 
tem” it is purified only once, and this 
should be sufficient; but if extra precau- 
tions are to be taken in either case, it 
ought to be with steam that is to be con- 
densed and returned to the boilers. It 
would seem that the exhaust head is 
superfluous in this case. 


as it is only allowed 





Some Features of the Internal- 
combustion Motor Problem 


By JosepH H. Hart 
The internal-combustion motor is, as its 
name implies, that form of heat engine in 
which the heat is evolved in the interior 
of the working cylinder immediately be- 
fore or during its transformation into 
work. The object of this procedure has 
been generally an economy of total heat 
production. The advantage due to higher 
initial temperatures, in accordance with 
the laws of thermodynamics, has been 
more imaginary than real, on account of 
the larger radiation losses at the higher 
temperatures. The high economy is due 
in reality to a diminution in what may be 
called the change of position and time loss 
f In large units, except under spe- 
this represents the 
but in small installations various 
commercial factors, such as_ installation, 
ease of control, first cost, etc., often give 
the internal-combustion motor a decided 
additional advantage. This method of heat 
utilization, however, involves further 
complications through the necessary pro- 
vision, up to the present time, of some 
highly specialized form of fuel and a supply 
of natural or compressed air for the evolu 
tion of the heat by 
the development of 
motors has been confined to the more or 
less satisfactory solution of these two sub 
sidiary problems, namely, the preparation 
and utilization of the fuel without too 
great a loss in over-all efficiency and the 
handling of the air, with a 
diminution of the efficiency-reducing fac- 
tors involved in this latter process. The 
carbureter, the vaporizing of oil by contact 
with. the hot walls, and the 
modern illuminating- and fuel-gas plants 
can all be regarded as working solutions 
of the first problem, while the use of com 
or dur 


actors. 
cial local conditions, 


case, 


combustion. Hence, 


internal-combustion 


satisfactory 


cylinder 


pressed air and heating after 


be regarded as de 


ing compression may 
velopments in the latter. 

Numerous accessories exist in an aver 
age plant, either for the preparation of th¢ 
fuel or the practical operation of the m 
chine, or the efficienc: 
When these considered it can | 
readily there is no sharp an 
mareation between the it 


for increasing 
are 
that 
fixed line of de 


seen 
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nal-combustion motor and the average 
steam unit. Pre-heating of either the 
charge or the air supply is analogous to 
the action in steam or hot-air engines, and 
he many attempts to inject steam into the 
ignition chamber, or to produce it there 
during combustion, with the object of 
mitigating the intense heat and rendering 
it more readily available, emphasize the 
kinship. The two types, steam and in- 
ternal-combustion, differ only in the time 

advent of the heat and air sitpply, 
in the nature of the working substance, 
in the form of the working cycle and in 
the operating mechanisms. 

With the connection the two 
types clearly understood, the theoretical 
advantages of the internal-combustion type 
become at once evident and lead to a con- 
sideration of the problems involved from 


between 


a broad and secure foundation. These in- 
volve the fuel preparation, the air advent, 
the production of the heat, the transform- 
ation into work, and the removal of the 
by-preducts, and will be taken up in the 
order named. 
THE FUEL-PREPARATION PROBLEM 

Strictly speaking, the fuel-preparation 
problem ought never to have arisen or at 
least to have become of much ‘significance. 
Coal certainly is the chief form of fuel 
and it is obviously impossible to ignite it 
rapidly and. thoroughly and at periodic in- 
tervals in the cylinder of a gas engine, or 
to eliminaté the deleterious effects of .the 
ash and infusible residtie on the bearing 
surfaces of thé cylinder, piston and valves. 
The .only object, however,: in, producing 
the heat in the cylinder was to control the 
amount of production, to utilize it at a 
high temperature and to eliminate waste. 
In practice the control of the production is 
almost the only real advantage ultimately 
attained. In order to attain this, compli- 
cated mechanisms have been added, and a 
working substance employed which is very 
ineficient from a thermodynamic vicw- 
point, since its heat capacity per unit vol- 
ume per degree is very small. Great heat 
density is a necessary characteristic of a 
good working substance, because such a 
substance has a lower radiation percentage 
loss and with it machines can have a much 
smaller size for a given power capacity. 
The products of combustion, combined as 
they are with a large proportion of inert 
nitrogen, possess a very low heat density 
in comparison with steam and this is a 
decided disadvantage. 


‘The invention of the water-gas producer 


has rendered possible the development of 
large gas-power units which often com- 
pare more than favorably with correspond- 
ing steam plants. With this development 
Internal 


l-combustion di- 
vid into two distinct classes with dif- 
rent objects in view and different wants 
satisfied. The small gas 
y operated intermittently, and em- 
ployed when first cost is a matter of 
importance, and where total com 


motors become 


engine, 


1 
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mercial efficiency under these conditions is 
considered rather than operating efficiency, 
will undoubtedly remain and undergo a 
series of minor improvements. In this 
case the control of the amount and time of 
heat production is the factor of prime im- 
portance and determines the standing of 
this type. The development of the large 
power unit is essentially transitory, since 
the control of the amount and time of 
heat production becomes here a matter of 
minor significance. gas-power 
plant is essentially a power producer un- 
modified by external limiting influences, 
and operates in competition with corre 


The large 


sponding steam units under identical fun 
damental conditions. Changes are neces- 
sarily inevitable, since this type involves 
fully as many losses in operation as a cor- 
responding steam plant. Thus, the steam 
plant loses the heat and expansion of the 
products of combustion. The gas plant 
utilizes steam in the production of water 
gas and also loses heat at this point. The 
radiation loss is much greater in gas than 
in steam units in the operation of the en- 
gine. much 
inferior in the gas unit and must exhaust 
against the atmospheric pressure, whereas 
the ‘steam unit can eliminate this loss. 
The two types essentially slight 
modifications of the same elementary sys- 
teni’ and each possesses inherent disad- 
vantages. Undoubtedly a modified type 
employing the best features of both will 
be produced and tend to supersede both 
existing types. 


The working substance is 


are 


UTILIZATION OF THE TURBINE PRINCIPLE 

The practical utilization of the turbine 
principle in gas-power plants is confident- 
ly expected by most engineers to produce 
startling changes. The gas turbine in its 
present form does not belong to either 
type. The heat is not produced in the ex- 
pansion or working chamber and steam 
does not enter into the operation of the 
unit. However, the gas turbine, even in 
ultimate practical form, will possess cer- 
tain limitations which it will be well to 
consider. It must necessarily exhaust 
into the atmosphere, and in this respect 
is on a par with the ordinary gas engine 
and at a disadvantage with the steam tur- 
hine; consequently, for a given initial tem- 
perature, the steam turbine will be su- 
perior in temperature range. 
turbine machine will 
slightly inferior when using gas. 


Again, the 
undoubtedly be 
The 
chief advantage in the development of the 
cas turbine will be in the elimination of 
the fuel-preparation problem entirely. It 
will in fact be an extremely efficient in- 
ternally-fired hot-air engine, utilizing the 


turbine principle for work transformation, 
but that is Undoubtedly a machine 
employing both steam and the products of 
combustion would be 


all. 


much superior. 
The question of utilizing the products of 
combustion direct instead of producing 
steam with the heat is much mooted, In 
ordinary 


complete combustion the only 









213 


loss is the heat contained in the exhaust 


gases and the expansion of the gases 
against atmospheric pressure. This ex- 
haust heat can be utilized to the last 


thermal unit if desirable or practical and 
in any case the loss cau be made much less 
than it now commonly is in gas-engine 
operation. The loss due to the expansion 
from release to atmospheric pressure is 


much less than the wasted pressure in 
other parts of the internal-combustion 
cycle. 


The chief difficulty in utilizing the pro- 
ducts of combustion as a working sub- 
stance ultimately is a chemical one rather 
than a physical one and this difficulty is 
basic but not generally recognized. I re- 
fer to what may be called chemical change 
in volume during ignition, 
ume of 


[hus one vol- 
will 
with one volume of oxygen to produce one 
volume of carbon dioxide, and this must 
be heated to double its absolute tempera- 


carbon monoxide combine 


ture to possess even the same initial pres- 
sure. This has been the difficulty in the 
utilization of the exhaust in iron furnace 
operation rather than what is generally re- 
garded as the small heat of the 
Again, two volumes of hydro 
gen and one volume of oxygen combine to 
Also 


coal always contains hydrocarbons which 


content 
mixture. 


make two volumes of water vapor. 


on vaporization undergo various modifica- 
tions in volume. This is always recognized 
by illuminating-gas engineers but is not 
thoroughly understood. The changes are 
both of an analytical as well as a synthetic 
character, and while it is impossible with 
our present knowledge to represent with 
equations what actually takes place, it is 
known that radiant heat, in accordance 
with the investigations of Tyndall, plays a 
prominent part. Wherever gas is produced 
in large quantities for any purpose it is 
necessary or desirable to understand 
thoroughly the reactions due to combus- 
tion and their ultimate effect and it seems 
undesirable to attack this problem to that 
of power production, as must certainly be 
done ultimately if fuel preparation: ever is 
regarded as a necessary condition for the 
efficient development of power. 
THE ADVENT oF AIR 

This completes the subject of fuel pre- 
paration and brings us now to the ques- 
tion of air advent. Air, as is well known, 
is the only practical source of the oxygen 
necessary for combustion and the genera- 
tion of heat. 
water 


The presence of nitrogen 
and vapor in the air are distinct 
disadvantages, of less import, however, in 
gas-engine work than in steam units. In 
the first, the nitrogen mitigates the in- 
tense heat of combustion and renders pos- 
sible a working temperature and the ef- 
fect of water vapor in practical operation 
is well understood? Owing to the low 
pressure of natural air and the advantage 
of high initial working pressures in the 
work 


transformation from 


an efficiency 
vit wpoint, it has been found necessary to 
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compress the air in every case before its 
utilization becomes practicable. This prob- 
lem has not arisen as yet in steam practice, 
except in forced draft, but it is apt to be- 
come more pronounced in the future. In 
gas-engine design, up toa recent date, the 
duty of air compression was always per- 
formed by the main work mechanism, 
with a necessary loss in working efficiency 
at both ends. Now, the air and gas are 
compressed by separate pumps, in large 
two-stroke-cycle units, and this simplifies 
the double-action problem immensely. 
With separate air compression, the Bray- 
ton engine would follow a cycle analogous 
to that of the steam engine, but a much 
higher initial temperature would be avail- 
able. In addition, the exhaust pressure of 
thirty to forty pounds no longer becomes 
necessary through mechanical limitations 
and can be cut down to a fraction of its 
former amount. Corresponding results 
can be attained with all the types and this 
development represents a distinct improve- 
ment at present under way. However, 
the ordinary air compressor is an ex- 
tremely inefficient device itself, and it is 
generally recognized that the practical de- 
velopment of the gas turbine rests almost 
entirely upon the invention of an efficient 
rotary air compressor. In fact all internal- 
combustion motors would benefit by such 
a machine. 

The relation and effect of the water va- 
pors in the air is becoming generally un- 
derstood and undoubtedly attempts will be 
made to increase the efficiency as influ- 
enced by this factor. Higher initial pres- 
sures and temperatures will undoubtedly 
be utilized and the pre-heating of the com- 
pressed air will become more of a feature 
in gas-power practice when the air-com- 
pression factor becomes more completely 
isolated, The introduction of a small com- 
bustion chamber in the system ahead of 
the working chamber seems almost a ne- 
cessity in the gas turbine and would prob- 
ably prove beneficial in the ordinary in- 
ternal-combustion motor through the in- 
creased adaptability of using steam pro- 
duction as a factor for alleviating the in- 
tense heat. On the other hand, steam de- 
velopment will undoubtedly approach this 
type. Steam can be superheated, theoret- 
ically at least, in a much more efficient 
manner by the injection of an explosive 
charge followed by ignition. The separa- 
tion of the two functions of heat produc- 
tion and steam production of the modern 
furnace and boiler or their more complete 
union would present new problems but 
would eliminate some present mechanical 
ones that have nearly reached their limit- 
ing development. The more complete 
union of the two types in some such man- 
ner is probably approaching and is un- 
doubtedly a step in the right direction. 

The working cycle, after these develop- 
ments, seems capable of little improve- 
ment. Radiation will always be present, 
but can be utilized in a number of ways. 
It can also be cut down enormously by 
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proper insulation, but that is not practical 
or desirable at the present stage. The re- 
production of the working substance at 
its initial high temperature by mechanical 
means is very beautiful in theory but it 
has a strong competitor in the production 
by simple heat agencies, since even at its 
best the transformation of heat into work 
is accomplished very inefficiently. The 
question of removal of by-products has 
not as yet, except under special mechani- 
cal conditions, become a serious matter in 
internal-combustion motors. The possi- 
bility of utilizing a chemical gas absorber 
in some form as a condenser and in a 
closed cycle is at present remote, but 
shoula always be considered, and the 
question will doubtless arise with con- 
tinued development. 





Ventilation of the Washington 
Terminal Tunnel 





The accompanying engraving is a repro- 
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diameter. The outer edges of the blades 
are bent forward to a set angle in the 
direction of rotation and slightly cupped. 
The velocity of the air as it leaves the 
top exceeds the peripheral speed of the 
blades by as much as 70 per cent. 


Gas Power Echoes from 


A. S.M. E. Convention 


A 5500-horse-power gas plant uow 
under construction, including producer 
engines, electric generators, buildings an: 
auxiliaries, all erected, will cost $73 per 
horse-power. ‘The bid for a correspond 
ing steam plant was $74 pe: horse-pow: 
—Pror. R. H. FERNALD. 

In this country, for large central sta 
tions, we need large units that will operate 
uniformly and continuously with the 
minimum of labor and the maximum 
efficiency, using the cheapest fuels. If 
all of these requirements are to be met, 
then automatic feeding, automatic stirring 
and automatic ash plowing should all b 
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TYPE OF DOUBLE-INLET CENTRIFUGAL FAN USED IN VENTILATION OF WASH- 
INGTON TERMINAL TUNNEL 


duction of a photograph of a runner of a 
120-inch Sirocco fan, two of which are at 
work ventilating the tunnel of the Union 
station at Washington, D. C. The speci- 
fications composed by the Pennsylvania 
Railroad Company call for two fans, 120 
inches in diameter, each capable of deliv- 
ering 260,000 cubic feet of air per minute 
against the 11-inch water gage, with a 
speed not to exceed 145 revolutions per 
minute and limited to 120 horse-power. 
It will be noticed that the blades are very 
short radially, being only 1/16 of the 
diameter of the fan. Axially, however, 
the blades are unusually long, 3/10 of the 


performed mechanically and continuously. 
—W. B. CHAPMAN. 

The ordinary herring-bone grate is not 
th:; proper type upon which to burn 
chnker-forming coal. In order to prevent 
clinker formation the most rational thing 
to de is to agitate the fuel bed slightly. 
Poking the bed tends to pack it unduly 
and unevenly. Vertical stirrers 
leave open or weak places it, their wakes. 
The proper method would therefore seem 
to be that in which horizontal stirrers are 
used, and these should have a sufficient 
rake to cause the fuel bed to be lifted 
slizghtly—E. J. Kunze. 
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Technical Aspects of Oil as Fuel—VI 


Construction and Efficiency of Oil Engines ( Daimler, Diesel, 
Haselwander ) Using Benzol and Other Low-priced Coal-tar Oils 





BY 


Fig. 42 shows the governor mechanism 
regulating oil admission in_ the 
irels’ Diesel engine. The pressure valve 
of the oil pump acts automatically by 
spring pressure. The suction valve V, in 
turn, is operated mechanically from an ec- 
centric E, regulation being obtained by 
varying the lead of the sleeve on which 
the eccentric is mounted, whereby the 






Vil Pump 























FIG. 


valve is kept open for a longer or shorter 
period during the delivery stroke of the 
piunger, which is driven from an eccen- 
: E’ keyed on the vertical lay shaft. The 
¢ of speed can be regulated by varying 
the spring tension of the governor, which 
one by turning the hand-wheel lV. If 

1¢ speed exceeds the normal by 10 per 

cent., a finger F is projected by centrifugal 
iorce, and a threaded rod R is thereby 
turned, which keeps the suction valve S 
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continuously, so that the engine 
must come to a stop. By either of the 
iwo hand levers indicated by L in Fig, 42, 
the valve can be released again and the 
engine restarted. 

A front and side view of a complete 
engine of 500 horse-power are shown in 
Fig. 43. The three-cylinder engine has 
cylinders 560 millimeters in diameter, by 


open 
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750 inillimeters stroke and runs at 150 
revolutions per minute. In order to secure 
independent expansion of each cylinder the 
three single engines are connected only 
through the base plate. The cranks are 
set at an angle of 120 degrees from each 
other. 
ply all three cylinders. To secure uni- 


One fuel-oil pump serves to sup 


form distribution of the oil, special resis- 
tances controllable without are 
placed before cach cylinder, through 


from 
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which the oil is forced at a_ speed 
of 25 to 30 meters per second. Com- 
pressed air is obtained from two three- 
stage compressors with differential pis- 
tons, the receivers of which are provided 
with tube coolers. The compressors are 
mounted in the basement below ‘the en- 
gine and are driven by separate electric 
motors. The former practice of taking 
pre-compressed air at about 10 atimos 
pheres pressure from the main cylinder 
and re-compressing it in the auxiliary 
compressor in order to reduce the size 
of the latter, proved a failure on account 











of the dirt supplied with the air, which 
would clog up the pumps; consequently 
it has been abandoned. The air pressure 
is regulated at the intake valve of the 
low-pressure compressor cylinder by throt- 
tling. The pressure of the oil-spraying 
air is 45 to 50 atmospheres at no load 
and 60 to 65 atmospheres at full load. 
As regards ethics of design, that is, the 
outward appearance, this engine can be 
considered as a model of excellence. 
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Engines of the above description are 
built specially for use in England, where 


they run on Texas crude oil, specific 
9 
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gravity, 0.92 to 0.94 at 15 degrees Centi- 
grade, and on what was designated be- 
fore as “liquid fuel.” A test made by 
Longridge shows a thermal efficiency, on 
the basis of indicated horse-power, of 
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Figs. 44 and 45 give constructional de- 


tails of Diesel engines as built by L. A. 


Riedinger, of Augsburg, Germany. Fig. 
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44 shows the method of regulation em- 
ployed, which is very simple. In addi- 
tion to the automatic suction valve S and 
the automatic delivery valve D there is 
a mechanically operated by-pass valve B, 
























































39.6 per cent. at full load and of 44.9 
per cent. at half load. The results of 
other tests of Diesel engines, including 
the determination of the various losses, 
will be discussed later. 























ey 


° Bie 





FIG. 45 


which is kept open during the delivery 
stroke of the plunger for a longer or 
shorter time, according to the load, there- 
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by allowing part of the oil to circulat 
locally. The plunger P is driven by : 
eccentric E and has at its upper end 
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angle lever L, which engages by means of 
a knife-edge attachment another lever L’, 
keeping the by-pass valve B open until 
the lever L strikes against a cam C, which 
is shifted by the governor according to 





























the load, bringing about the closing of the 
by-pass earlier or later, so that the qua: 

tity of oil delivered is changed according 
ly. Fig. 45 shows a complete two-cylin 
der engine with a special crosshead and 
water-cooled guides. The cylinder bar- 
rel is cast open on top and closed by 2 
plate head, in order to secure a casting 
free from cooling strains and to get easy 
access to the water space for cleaning it: 
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e Hydraulic Elevator— 
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XVI 


Construction Details of the Whittier Machine Previously Des- 
cribed, with Especial Reference to the Stop-valve Mechanism 
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The Whittier main operating valve with 
pilot-valve control is very similar to that 
f the Crane machine; the slight difference 
between them is in the shape of some of 
the minor parts. In the Whittier valve 
there is an adjusting screw in the center 
of the back head, by means of which the 
car speed on the up trip is regulated so as 
to not exceed a certain amount, just as in 
the Crane elevator. In both machines the 
valves are removed from the valve casing 
through the back end, after unshipping the 
connecting-rod that links the valve-rod to 
the lever which moves the pilot valve back 
to the stop position. Between the pilot 
valves there is practically no difference, so 
that all that has been said about the Crane 
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weight P is lifted, the chain to which it is 
attached being hung from the end of the 
crank. As soon as the car starts to move 
from either end of its travel the arm M 
moves away from the stop NV against which 
it may be pressing and then the weight P 
will pull the crank O to the central posi- 
tion; the chain attached to the crank runs 
between guide wheels OQ, in order to 
avoid oscillations of the crank before com- 
ing to rest. To secure satisfactory opera- 
tion of this mechanism it is necessary that 
weight P be heavy enough to swing the 
crank O around to the stop position just 
as fast as the arm MM moves, so that the 
latter may not run ahead of the stop N. 
At the same time, however, it is desirable 
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valve and pilot will apply equally well to 
the Whittier apparatus. 

In the automatic stop-valve and_ its 
operating mechanism there is a consider- 
able difference between the two machines. 
One type of Whittier automatic stop-valve 
Mechanism is shown in Fig. 185. In this 


drawing the stop-valve is at //, and the 
mechanism for moving it consists of the 
rod upon which are fastened the stops 
N and N, and a projecting arm M at 
tached to the front end of the traveling- 
sheave crosshead. The position of the 
arm JJ is more clearly shown in the plan 
vic 3y means of a short link the rod L 
IS connected with the crank O on the shaft 
of the stop-valve H, so that when the 
traveling sheaves are moving toward the 


cylinder (the car going up) the crank O 
Is pushed to the right; and when the 
es move to the left, the crank O 
'S drawn to the left. In both cases the 
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to make the weight only as heavy as is 
necessary to cause the stop N to follow up 
M closely, because the heavier the weight, 
the greater the effort required to move the 
stops NN, and the greater the liability of 
their slipping out of place on the rod L. 
The friction of this mechanism is very 
small, so that there is very little danger of 
its becoming sufficient to cause the weight 
to stop in its descent, if it is made only 
a trifle heavier that is actually necessary 
to do the work. 


Stop-vALVE Not ADJUSTABLE 

The stop-valve of this machine is not 
adjustable in any way, so that any adjust- 
ment that may be required must be done 
on the outside apparatus. If the car stops 
below the upper floor, it can be made to 
run higher by moving the stop next to the 
cylinder a little to the right. If the car 
stops short of the lower floor it can be 
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imade to run lower by moving the stop 
next to the stationary sheaves a trifle to 
the left. It must be remembered, how- 
ever, that only a small adjustment can be 
made in this way as it throws the piston 
out of position, causing it to run up 
against the front cylinder-head if the stop 
lear the stationary sheaves is moved too 
far to the left, and against the back head 
if the stop near the cylinder is moved too 
far to the right. When the car is in 
stalled, the apparatus is properly adjusted, 
and about the only way in which it can 
get out of adjustment is by the stretching 
of the lifting ropes, which is sure to oc 
cur. The stretching of the ropes will cause 
the car to run below the lower floor, and 
stop short of the top floor, and the proper 
way to restore the adjustment is by tak- 
ing up the ropes, but sometimes it is not 
convenient to do this, and then a tem- 
porary adjustment can be made by shifting 
both stops N to the right, that is, toward 
the cylinder. To determine how much to 
shift them ascertain the distance by which 
the car falls short of the landing, and then 
divide this by the gear of the machine and 
the quotient will be the proper distance. 
Thus, if the car falls short of the upper 
landing ten inches, and runs below the 
bottom floor a like amount, and the gear 
is ten to one, the proper distance to shift 
the stops is one inch. 

Another arrangement of stop-motion 
gearing used on the Whittier machines is 
shown in Fig. 186. The difference be- 
tween this and the one shown in Fig. 185 
is that instead of the rod L of the latter, 
there is substituted a rope running over a 
sheave S at the end of the machine, and 
another sheave attached to the casing of 
the stop-valve H. This latter sheave is 
mounted upon a shaft which is geared to 
the valve-shaft, so that when the rope is 
moved by the arm M striking either one 
of the stops N N, the stop-valve is rotated 
precisely the same as in Fig. 185. The only 
advantage of the rope driving gear is that 
it cannot buckle, while the rod L of Fig. 
185 can under certain conditions; for in- 
stance, if it is bent slightly in some acci 
dental manner so as to cramp in its guide 
bearings, and therefore refuses to slide 
through. 

In addition to what has beeen said in re- 
lation to the stop-gear of Fig. 185, all that 
is necessary with reference to Fig. 186 is 
to call attention to the fact that as the 
sheave S is held in a frame that is ad- 
justed to the proper position by means of 
the screw 7, it can work loose if not prop- 
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erly looked after. It may not get loose 
enough to wabble out of place, but enough 
so to twist around, and interfere with the 
proper shifting of the stop-valve. 


Must BE ANCHORED TO FOUNDATION 


Horizontal elevator machines, like the 
vertical machines, must be anchored down 
to the foundation or otherwise held in or- 
der that they may not be lifted by the 
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by the direct pull of a hand rope, instead 
of by the action of a pilot rope, being 
moved either by hand-wheel in the car, or 
by being pulled directly by the operator. 
The type of valve used for this type of 
operation is shown in Fig. 187, which is a 
section parallel with the valve-rod. The 
hand-rope sheave is mounted on the shaft 
A of the pinion & and the latter meshes 
into the rack D attached to the end of 
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weight of the loaded car. The tendency to 
lift the machine, however, is not so great 
in horizontal as it. vertical elevators, be- 
cause the lifting force is simply the weight 
of the car and its load, less the weight of 
the counterbalance. In vertical machines, 
the lifting force is this same weight mul- 
tiplied by the gear of the machine, so that 
if the latter is four to one the lifting force 
will be four times creat 
zontal machine. Tlie bolts that hold the 
lifting end of the machine down to the 
foundation should looked after from 
time to time that they are tight, 
but the other foundation bolts require lit- 
tle attention. The difference between the 
foundations under the lifting end of the 
machine, and the other supports is shown 
in a somewhat exagerated form in Figs. 
185 and 186. In some buildings of steel 
frame construction it is common for the 
elevators to be put in with foundations 
only large enough to hold the 
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machine in 
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the valve-rod. Water from the pressure 
tank enters through the inlet C and if 
the valve is moved to the left, it passes 


to the chamber B and to the cylinder. If 


the valve is returned to the position in 
which it is drawn the flow of water will 
be stopped, and the car will come to rest. 
If the valve is now moved farther to the 
right, the water in the cylinder will rush 
out through the chamber B and the end F 
of the valve casing, and thus to the dis- 
charge tank. This valve, it will be 
is substantially the same as the same type 
of valve used with vertical cylinders, and 
it is taken apart, cleaned or packed in the 
same way. 


To Make Paper Waterproof 


Waterproofed 
packing 


seen, 





excellent 
An ex- 


makes 
purposes. 


paper 


for certain 


change gives a process for waterproofing 
paper, as 


follows: Articles of paper or 
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line, and the lifting end of the machine is 
held down by bracing from the stationary 
sheave bearings up to the floor beams of 
the floor above. This construction is sim- 
ple and fully as good as the use of a heavy 
holding-down foundation. 


Hanp Rope Aso Usep 


The Whittier machines are also made so 
as to be operated by a main valve moved 
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cellulose are soaked in a solution of resin 
soaj, then immersed in a hot bath of zinc 
chlcride, passed between rollers, -wvell 
washed, dried in a hot room, treated with 
paraffin oil, and run through a calender. 
A waterproof pasteboard is secured 
immersing sheets of ordinary paper in a 
bath of nitric acid, er solution, placing 
the sheets on top of another, and 
then submitting them to heavy pressure. 


by 
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How Should Brushes Be Set | 


By WILLIAM WESTERFIELD 





The writer recently went into a la: 
power station and found a 600-kilow 
525- to 575-volt direct-connected gener: 


sparking badly; the brushes chattered 
jumped violently. Examination 
pitting on the commutator, which is 
feet in diameter, at intervals of about 
inches. The speed of the generator 
320 revolutions per minute. 








shoy 


When this generator was first set up 


the plant it was found necessary to ru: 


counter-clockwise, and_ the 
changes were made in the 
But the brush-holders were 
on the brush-studs, with the result 
the commutator was running against 
brushes, as indicated in Fig. 1. The: 
chine had been running this way n 
than three years. 

It is common practice to run comm 
tors in this way, but the writer consi 


necess 
connecti 


not change 


it bad practice and believes that anyo: 


who considers the matter carefully 
agree with him. The effect of the comr 
tator surface running against the brus! 


similar to that produced by holding a st 


in one’s hand and pushing it along 





FIG. I 


wise on an ordinary floor at an angl 
say, 45 degrees. 
and pull the stick along in the opp 
direction and note the difference in 
friction between the end of the stick 
the floor. 


from it. 


In the case of the dynamo, 





Try this and then chang 


In the first experiment the: 
will be a tendency for the stick alternat 
to dig into the floor and to rebound aw 


' 
|. 
\ 


ve | 


and 





the comn 
tator running against the brushes deveic: 


a frictional thrust which tends to jump * 


brushes away from the commutator, w! 
the springs force them toward it. | 
causes the continuous jumping and 
bounding of the brushes, known as “ec! 
tering.” 

With the brushes set as in Fig. 2 
tive to the direction of rotation of 
commutator, the commutator 
slides along freely under the brushes 
the friction between them does not ten 
thrust the brushes endwise away from 
commutator. Since changing the 
on the dynamo to the setting shown 
Fig. 2 the results indicate beyond ques 
the correctness of the foregoing reason 


suri 


brus 
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The Balancing of Rotors for High Speed 


Relationship between the Static and Dynamic Conditions, and Cer- 
tain Methods by which Rotors May Be Dynamically Balanced 





. With the development of high-speed 
team turbines and generators, the ques- 
tion of properly balancing the rotary 
parts, so that there will be no vibration 
while running, became of vital import- 
ance; it offered and is still offering many 
difficulties. 

It was manifoldly demonstrated that 
rotors of perfect static balance caused 


heavy vibrations while running. Of 
On 
ee 
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course, some of these cases might have 
been due to improperly designed shafts or 
to the fact that the rotor was not a solid 
system of masses; but setting these cases 


; aside, it is certainly interesting to dis- 
close the relationship between the static 
J and dynamic balance, and to discuss cer- 


tain methods by which rotors may be 
dynamically balanced. 

(1) When rotating a mass m, Fig. 1, 
concentrated into a mathematical point, 
at a radial distance r with a constant an- 
gular velocity, 


_ £#X RPM. 
es 
the centrifugal force, C 


mrw’*; the 
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k FIG. 2 
4 moment of inertia with reference to the 
4 Point of rotation O, is 
(2) = mM *, 
; and the kinetic energy of the rotating 
s mass is 
9” _mriw _ mv 
a 2 a She 





If a other mass M, Fig. 2, be substituted 









BY HANS 


at a radial distance equal to the length 
unit, i.e., at unity radius, this mass M will 
have the same dynamic effect as m, when 


M=mr* = 0. 
Calling M the mass substituted at unit 


radius, the centrifugal force of this sub- 
stituted mass is : 


a= Mw’ =m sr w', 
and 
Cu 
a" 


This means that although the kinetic en- 
ergies of the masses m and M are alike, 
the ratio of the centrifugal forces of both 
masses is the ratio of their radial dis- 
tances, always assuming constant angular 
velocity. 

(2) When connecting two masses m; 
and m2, Fig. 3, by means of a stiff beam, 
the mass of the beam being neglected, the 
point of gravity is O, when 


m1 = M212; 


then the two masses m: and m, are in 
static balance with reference to their point 
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FIG. 3 


of suspension O, which is the point of 
gravity. 

Rotating this system of two statically 
balanced masses around the center O, 
Fig. 4, with constant angular velocity w, 
the centrifugal forces are 


Ca, = m,r, wand Cn, = m, r, w. 
They are alike, that is, 


Ga, = Cing , 
because 


m7 M2 12. 


The indivdual moments of inertia are 
6m, = m, 7,2 and 6m, =m, 1,7, 


and the individual kinetic energies are 


zw? w* 
Ln, =m, 71;? “ and Lm, =m, r,2-—. 


The substituted masses are (Fig. 5): 
M: = mr? and M, 


As these masses have the same dynam- 
ic effect as the masses mm and m2 the 
masses 1, m2 are dynamically balanced 
when their substituted masses are dynam- 


M2 12°. 
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ically balanced. Both of these masses 
M, and M; are at the same radial distance 
from the point O, that is, unity. Hence 
their centrifugal forces are 

Cu, = M, wz =m, 1, w*, 


Cu, = M, w? =m, 1,* w*® 


and 
Cm r 
“1 == —! as m, 7, = My, 13. 
Cu, rT. 
ox 
4 ~ 
3! 
1 
©) 
“> 
* j 
Ps 
FIG. 4 


This means that the centrifugal forces 
of the substituted masses are statically 
and dynamically balanced only when 


1. = Vo 
In other words, the two masses m, and 
mM, are in static balance when 


m7: = M212; 


they are in dynamic balance when 


m, = Ma, 
% = %, 
M311 —= Ms 12, 
mr = M13". 
> 
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That means: While the static balance 
only requires the equivalence of the mo- 
ments, mass X radial distance, the dy- 
namic balance requires the equivalence of 
both the masses and their radial distances. 
Then, of course, the moments mass X 
radial distance, and the moments of in- 
ertia, mass X square of radial distance, 
will be alike. 
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(3) Applying these general consider- 
ations to the question of balancing rotors, 
the rotor can be divided into sections, 
Aa, Bb, Cc, Fig. 6, and so on. The mass 
of each rotor may be 

Ma, Mp, Meo 
and 


May My, Me}; 





FIG. 6 


the radial distance of the point of gravity 
of each section may be 


CAy EBy PCy 
Cay Chy Cee 
Then the whole rotor would be in static 
balance when: 


Mma CA = Ma Cay 
mp Cp = Mp Cb, 


mc €c = Me Ley 
and so on. 


It will be in dynamic balance when 
Ma CA = Ma Cay 
mp ap = Md Cb, 
mc €o = Me Ley 


if, at the same time, 


0, = 6, 
6p = 6, 
60 = 6.. 


In other terms, the rotor will be in dy- 
namic balance when the masses of the in- 
dividual sections are statically balanced 
and the moments of inertia are alike. 
MetHops oF CONTROLLING THE STATIC 
MoMENTs OF THE Rotor SECTIONS 


(4) The most perfect method of con- 





FIG. 7 


trolling the static balance of the sections 
of a rotor is to suspend the rotor on 
knife-edges at its geometrical center and 
weigh directly, by means of properly at- 
tached scales, the amount of the static 
moment that throws the rotor out of its 
static balance, repeating this process for 
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each individual section of the rotor, us- 
ing one or two scales, as may be found 
convenient. See Fig. 7. 

(5) To control the balance of the 
moments of inertia of the rotor sections 
there are two different methods, the run- 
ning method and the pendulum method. 

(6) The first of these two dynamic 
methods, the actually running method, is 
one whereby the rotor is run in its bear- 
ings with increasing velocity until some 
dynamically unbalanced masses cause 
strong vibrations of the whole rotor. The 
amount of this excessive vibration may be 
found at the lowest point in a horizontal 
rotor, or at any point in a_ vertical 
rotor, to be /mar., while the normal de- 
flection under the dead weight of the 
rotor G (the amount of deflection in hor- 
izontal rotors, or of buckling in vertical 
rotors) may be fnormua; then it may be 
assumed that very nearly 


J Coior. = fmaz. — Ff norm. 


G fnorm. . 





which means that the ratio of the cen- 
trifugal force that caused the vibration, to 
the dead weight of the rotor, is practically 
equal to the ratio of the increase in de- 
flection to the normal static deflection. 
Hence, 


Gor. = 112 7 Wer. 


AS Wer. is known (it is equal to 


aX R.P.M vier. ) 
30 ? 


the following equation may be applied: 





m 





sn f maz. ~ Fnorm. x G 


frorm. Ww? vinr, , 
where t= the mass that causes the vi- 
bration and r = its radial distance from 


the center of rotation. That means that 
we only find by means of this test the 
product of the eccentric mass and its ra- 
dial distance, but we do not know their 
individual values. 

To find the individual values of m and 
r, we can only proceed by trials: Add at 
a certain radial distance ry a mass m, 


f maz. — frorm. 


m=— x 


Fnorm. 


in the plane of the diameter of greatest 
vibration, opposite the point of greatest 
vibration, and repeat the actual running 
test; change m and simultaneously r, so 
that always 


a By. 
7X Weir, ’ 


maz, ~~ norm, G 
fh fh y, 


nar= 3 
frorm. w 
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until the rotor does not vibrate within 
speed ranges more than about 10 per 
cent. above the normal speed of the rotor. 
Of course, this method may not be so 
simple in practice as is demonstrated 
here; very often after a certain section is 
balanced up to a certain speed another 
section of the rotor may show up dynam- 
ically unbalanced masses, but this does 
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not affect the correctness of the principle 
of this method. 

It will be obvious that a static balance 
preceding this dynamic balance will be of 
no real benefit. 


Tue PeENpULUM METHOD 


(7) The pendulum method is based 








FIG. 8 


upon the fundamental pendulum laws. 
When providing the rotor with knife- 
edges in its geometrical center, as pointed 
out in describing the static balance, and 
suspending the rotor upon these knife- 
edges, then the swinging rotor acts like a 
physical pendulum. 

Remembering that a mathematical pen- 
dulum has a vibration duration (time be- 
tween two consecutive passages through 
the perpendicular line of the suspension 
point), 


& 

where / means the length of the pendu- 
lum, and g the constant of acceleration 
due to gravity, as long as the angle be- 
tween the two outside positions of the 
pendulum is not more than 8 degrees 
(Fig. 8). The greater this angle the less 
accurate the results to be expected from 
the formula. 

A physical pendulum swings like a 
mathematical pendulum of length: 


t=2 n 





Bead 








60 
Z= 
me’ 
where 
FIG. 9 
6 = the moment of inertia of the 


swinging body with reference to 
the point of suspension (Fig. 9), 
m = =. , the mass of the body, 


and e = the distance of the point of grav- 
ity from the point of suspension. 
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Calling the number of vibrations per min- 


ute n, then 
60 60 


,f= ’ 


2 
zt n 








and 


§ 60? Ge 
aaa i 72 





Swinging the rotor on knife-edges within 
a small angle (not exceeding 4 degrees) 
from the perpendicular line on each side, 
then we can apply these general pendulum 
laws in the following way: 
Providing 
Gp és = Gi & 


(this can easily be accomplished by adding 
a preliminary weight A G on the lighter 
side of the wheel in the horizontal diam- 
eter), the vibration of the rotor swinging 
like a pendulum is only dependent upon 
the sections A and a, Fig. 10 (above and 
below the suspension point). The hori- 





FIG. 10 


zontal sections do not affect the pendu- 

lum effect, as they are in a preliminar 

Static balance. ; 
Should 


64 = Oa, 
and 


Gils Ga Ca; 
then the physical pendulum would swing 
infinitely long, 
t=, 


assuming no resistance in the knife-edges 
and in the air; but at any rate 


ta = Nay 


even with consideration of these resist- 
ances, and that means the number of vi- 
brations per minute must be alike when 


6,=6,, 
and 


Gia ts = Ga 6a; 


whether the rotor swings with the sec- 
tion 4 below or above the point of sus- 
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pension. Swinging the sections A and a 
independently, we know : 


6 
ta a ae 
Ga @a 


and 





Provided we make 


Ga ea = Ga Cas 


by means of a preliminary static balance, 
we know that the balance of the moments 
of inertia calls for equal vibration dura- 
tions, or equal amount of vibrations per 
minute with the sections A and a swing- 
ing below the point of suspension. 


The pendulum method therefore is a 
dynamic balancing method, whereby the 
previously and preliminarily statically bal- 
anced sections of the rotor are controlled 
as to the moments of inertia of the rotor 
sections by comparing their individual vi- 
brations when swinging like a pendulum 
below the point of suspension. If these 
vibrations are not exactly alike, then the 
moments of inertia of the different rotor 
sections are not alike. To make them 
balanced we have to change the radial po- 
sition of the balancing weight, added pre. 
liminarily to get the rotor statically bal- 
anced, and simultaneously changing this 
balancing weight so that the static balance 
is not disturbed, until the vibrations of 
the rotor in all positions are alike. 


FIELD oF APPLICATION OF THE DIFFERENT 
MetHops oF DyNAMICAL BALANCE 


(8) The static balance can only be ap- 
plied as a method for making rotors dy- 
namically balanced in cases where the 
whole mass of the rotor is arranged in a 
rim, so that the radial thickness of the 
rim is small compared with its mean di- 
ameter (as with fly-wheels and pulleys), 
In this case the moments of inertia of 
the individual parts of the mass are very 
nearly all alike and equal to the mean 
moment of inertia. 

The pendulum method can be theoret- 
ically applied to all kinds of rotor, to 
make them dynamically balanced. But 
cases where the main part of the momen 
tum of inertia is derived from the rim 
will be especially suitable for this method. 
For instance, disks and drum rotors with 
large diameters and comparatively short 
lengths. 

The actually running method, of course, 
can be applied to all kinds of rotors to 
make them dynamically balanced. It is 
the most complicated method, as it re- 
quires the rotor to be brought up to 
speed. But it is the safest method in all 
cases where the momentum of inertia is 
such that the pendulum method will not 
allow close observation, as with roller- 
shaped drums, where the length is equal 
to or larger than the drum diameter. 
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Ice Difficulties with Hydraulic 
Power Installations 





Persons in temperate climates have 
little idea of the difficulties which beset 
the working of hydraulic power plants in 
countries where the temperature in winter 
often falls much below zero on the 
Fahrenheit scale. Some of these were 
related by Prof. H. T. Barnes, B.Sc., in a 
paper before Section G at the recent 
meeting of the British Association, who 
described the conditions met during the 
winter months in Canada, when ice is 
forming rapidly, and ice-bridges, dams, 
and shoves sometimes change the whole 
character of the levels and channels in a 
single night. The steadiness of the tem- 
perature of the water throughout the ice 
season is a matter of great interest. It 
seldom varies more than a few thou- 
sandths of a degree from the freezing 
point even in the severest weather. 
Spicular ice, or, as it is called in Canada, 
frazil ice, is formed by surface agitation 
in the more turbulent rivers, and in 
waterfalls, and accumulates in great quan- 
tities in the quieter portions of the stream, 
where it is carried by currents. It varies 
in size from thin plates to fine needle 
crystals, depending on the degree of agi- 
tation of the water, and of all the forms 
of ice it gives the most trouble in hydrau- 
lic work. During severe cold weather the 
water is thrown into a slightly super- 
cooled state, during which time the ice 
crystals grow rapidly by continued freez- 
ing, and give rise to the agglomerating 
stage, when they possess adhesive proper- 
ties and form lumps and spongy masses. 
In this condition the ice is dreaded by 
power users, for it quickly adheres to 
the rack-bars and to the machinery of the 
wheel-gates and turbines. In a short time 
it interferes with the operation of the 
wheels, and may at any moment cause a 
temporary cessation of operations. For- 
tunately, it is only a minute temperature 
depression which brings about these con- 
ditions, and methods of artificial heat ap- 
plied about the affected spots relieve the 
situation in a short time. An intelligent 
use of artificial heat, especially at night 
time, when supercooling is most com- 
mon, is found valuable in preventing any 
interference with the normal operation of 
a power house. It is not necessary to 
warm the entire volume of water passing 
through, which would be very costly and 
difficult, but by applying the heat in the 
racks or wheel cases, or blowing steam 
about the affected parts, the ice is pre- 
vented from obtaining a foothold. It is 
well known that the most effective pre- 
vention to the formation of both frazil 
and anchor ice is the protection afforded 
by a surface sheet of ice. If a power 
house is located on a river normally 
frozen over, with no stretches of open 
water above, no ice troubles are experi- 
enced.—The Mechanical Engineer. 
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Motor Generators; Their Use and Operation 


Explanation of the Various Applications to Which They Are 
Suited, with Illustrations Showing How Connections Are Made 





BY 


Among the important forms of elec- 
trical transforming apparatus is the mo- 
tor-generator. The changes that may be 
effected by these machines are numer- 
ous. They may be utilized to transmit 
energy from one distribution system to 
another, to change the voltage without 
changing the character of the current or 
to change the character of the current 
without altering the voltage, or to change 
both; they may be used as potential reg- 
ulators, to equalize the loads between the 
sides of a three-wire system and in many 
other ways. The motor of the combina- 


500 Volts 





Motor 


FIG. I 


‘tion may be wound to operate on circuits 
of any commercial class and the gener- 
ator to supply alternating or direct cur- 
rent at a constant or variable electro- 
motive force. 

Motor-generator sets are made in al- 
most every possible combination of al- 
ternating- and direct-current machinery, 
the more important forms including ma- 
chines for the transformation and reg- 
ulation of voltage, booster sets, charging 
outfits for storage batteries, balancing 
sets for three-wire or multi-voltage sys- 
tems and frequency changers. 

The motor-generator is the only prac- 
tical voltage changer for direct current 
and this is one of its simplest applica- 
tions. The two machines of the set are 


usually supported on a common base with 
armatures mounted on the same shaft, 
one wound for the voltage of the supply 
line, the other for the voltage and cur- 
delivered. Such sets are 


rent to be 
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often used to secure suitable voltages for 
arc and incandescent lighting and the 
charging of storage batteries where the 
only available supply mains are those of 
a street railway. Fig. 1 is a diagram of 
connections of such a set. The motor is 
started by the usual main switch and 
rheostat and the generator is provided 
with a field rheostat, voltmeter, ammeter, 
main switch and either fuses or automa- 
tic circuit-breaker. 

Current transformation is another very 
essential application of the motor-gener- 
ator; although the alternating current is 


EADE 


voltage adjustment is possible over a w 
range and the regulation is not so grea 
affected by fluctuations in the supply ci 
cuit. Any form of alternating-curr: 
generator may be likewise coupled tx 
direct-current motor and an economi: 
means thus provided of transmitting 
power from direct-curreft central st 
tions to a distance beyond the range 
direct-current voltage. 

Fig. 2 shows the connections of a n 
tor-generator set consisting of an indu 
tion motor and a direct-current generator 
arranged for charging storage batter- 


To Line 


126 Volts 

















To Battery 

ZS 17 --—>=— 

(—) HH ‘ 
Auto- Oy “he AM 

Transformers |t7"7*" a Ss 

' \ “4 

(Fe OLN 

) [Les YY Em iH) 

i 4 Pye He 

H ate “we “tee 

Reseieacieame es-24 & 


























Running Position | 





* Starting Position 














VVVV 










Ind. 





now generally adopted for the transmis- 
sion and distribution of power and can 
be utilized in most electrical operations, 
there are a few classes of service which 
can be more advantageously performed 
by direct current. For this condition a 
motor-generator consisting of an alternat- 
ing-current motor driving a direct-current 
dynamo would be employed. The motor 
may be of either the synchronous or 
the induction type. The latter is a simpler 
piece of machinery, is more easily con- 
trolled and requires less attention; it 
is, therefore, generally to be preferred. 
There are, however, conditions which 
may be met to better advantage by the 
use of a synchronous motor. 

A motor-generator set may be substitu- 
ted for a rotary converter and in some 
classes of service possesses certain ad- 
vantages. With a motor-generator set 
there is no electrical connection between 
the two related systems, independent 
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FIG. 2 


ies. This combination has other uses, 
however, and is especially adapted for 
shops and manufacturing plants, using 
central-station current, where both direct- 
and alternating-current motors are oper- 
ated, the great advantages of variable- 
speed direct-current motors for the oper 
ation of machine tools practically neces- 
sitating a source of direct-current sup- 
ply, which is easily provided by the motor- 
generator. 


ANOTHER FIELD ror ALTERNATING-CURRENT 
MortTor-GENERATOR 


Another field for the alternating-di- 
rect-current motor-generator set is in the 
power stations of manufacturing plants, 
railroad shops, etc., operating both alter- 
nating- and direct-current generators. [t 
is frequently desirable in such plants, dur- 
ing overtime or Sunday work, to operate 
but one of the generating systems, either 
alternating- or direct-current,; the motor- 
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g-nerator serving as the interconnecting 
lic between the two distribution systems. 
For such operations a synchronous motor 
is used as the alternating-current member 
aid operates either as a motor or gener- 
ator, as desired. Fig. 3 shows the con- 
nections. Assume that it is desirable to 
shut down the alternating-current gener- 
alors and operate the plant from the 
direct-current generators alone. Under 
se conditions the motor-generator will 
be started from the direct-current side, 
the direct-current member operating as 
a motor. If it should be expedient to shut 
down the direct-current generators’ and 
operate the alternating-current units, the 
alternating-current member of the motor- 
generator acts as a motor and the start- 
ing Operations are reversed. 
In the diagram, a represents a triple- 
le double-throw switch, which is the 
main switch of the alternating-current 
machine A. A circuit-breaker is shown 
at b; c represents the auto-transformers 
for starting the machine A as a motor; 


> 


Alternating-current Main 
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breaker are represented at k and / re- 
spectively. The voltmeter and ammeter 
shown at VM and AM complete the equip- 
ment. Assume that it is desired to start 
from the direct-current end and that all the 
switches and circuit-breakers are open. 
The switches f and g and the circuit- 
breaker b are first closed. The circuit- 
breaker ] and main switch k are next 
closed and the resistance in the starter j 
cut out, as usual. The synchronizer plugs 
are inserted at d and when the lamps e 
indicate synchronism, and the voltage of 
the incoming machine is equal to that of 
the bus-bars, the switch a is closed in the 
position shown in the figure, when the al- 
ternating-current generators may be cut 
out and shut down. To avoid complexity 
the usual ammeter, voltmeter and field 
rheostat are not shown in the diagram. 
When starting from the alternating- 
current side the circuit-breaker b is closed 
and then the switch a closed to the right- 
hand side; when the machine is under 
motion the switch a is thrown over to the 
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FIG. 


at d are synchronizing plugs; e is a group 
of synchronizing lamps; f is one of the 


several switches used for breaking the 
field-winding circuit, and g is the main 
field switch. A synchronous motor is 
started as an induction motor, the arma- 
ture current reacting on the field causing 
the armature to revolve. A very high 
electromotive force is thus induced in the 
field winding which would endanger the 
insulation if it were not for the “break- 
up” switches which divide it into several 
sections 


On the direct-current side the machine 
is supplied with a field rheostat h for 
‘gulating the voltage when operating as 

rator, or the speed when operating 
as a tor. A short-circuiting switch 7 is 
ted so as to cut out the starting 
t 7 when the machine is acting as 
generator. The main switch and circuit- 
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full voltage side, as shown; then the 
switches f and g are closed. The switch i 
and circuit-breaker / are then closed and 
when the dynamo D is up to voltage the 
main switch k is closed. The direct- 
current generators may.then be discon- 
nected and shut down. 

Motor-generator sets may be employed 
to obtain an adjustable voltage from a 
constant-potential system. Such an ar- 
rangement is sometimes used to provide a 
wide range of speed variation in motor 
operation, the generator of the set sup- 
plying a variable electromotive force at 
the terminals of the motor armature and 
the motor field being excited at the full 
voltage of the line. While giving con- 
venient and easy control, this method is 
costly to install and operate. The great 
majority of motor applications requiring 
a variable speed may be more simply 
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handled by a three-wire balanced voltage 
or a single-voltage system. 


Moror-GENERATOR BOOSTERS 

Another application is boosters. A 
motor-generator booster set may consist 
of an alternating- or direct-current motor 
coupled to a direct-current series-wound 
generator so designed that its voltage is 
proportional to the current in its arma- 
ture and field windings. When connected 
in series with a circuit fed from constant- 
potential generators it is evident that the 
boosters will produce an increase in volt- 
age proportional to the current passing 
through the circuit. In this way the drop 
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in a long line may be compensated and a 
constant-potential maintained at the far 
end of the circuit. Boosters of this type 
are frequently employed in street-railway 
service to steady the voltage delivered to 
the cars and smooth out the variations 
caused by the fluctuating load. 

To maintain an equal voltage on the 
two sides of a three-wire system two di- 
rect-current machines coupled together 
with the armatures in series are frequent- 
ly employed, forming’ a motor-generator 
balancing set. The voltage of each ma- 
chine is equal to that between the neutral 
and outside wires of the system. The 
two armatures are connected between the 
outside lines while the junction between 
them is connected to the neutral wire, 
as shown at the right-hand side of Fig. 4, 
the generators being shown at the left- 
hand side. When the loads on the two 





224 


sides of the system are equal, the motor- 
generator set merely revolves idly, doing 
no work on the circuit; but when the 
load on one side of the system exceeds 
that on the other, the machine on the 
heavily loaded side acts as a generator, 
driven by the other machine which acts 
as a motor taking current from the lightly 
loaded side. In this way the balance is 
always maintained. 
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Tests of Graphite on Ball 


Bearings 


There have from time to time appeared 
articles in the various trade papers con- 
demning the use of graphite as a lubri- 
cant for ball bearings. Professor Goss 
has made some extensive tests with graph- 





Q 




















@ 
































FIG. 5 


The conditions under which motors 
have to operate when driving mill tables 
in steel mills, that is, reversing at fre- 
quent intervals, imposes severe operating 
conditions on the system and the intro- 
duction of a motor-generator set with a 
heavy fly-wheel on the common shaft has 
been tried in several mills with very good 
results. Such a set is shown in Fig. 5 
where A represents the motor, B the 
generator, and C the fly-wheel. This set 
is connected in the distribution system 
between the generators and the motors. 


ite as a lubricant for ball bearings com- 
bined with kerosene oil, lard oil and vase- 


line, and found that friction losses were. 


very much reduced and the bearings made 
to carry a heavier load when the graphite 
was used. 

The test ball bearing has the form of a 
grooved ball-thrust and was made by the 
Standard Roller Bearing Company, of 
Philadelphia. It consists of two hardened 
steel rings, each having a groove or race 
to receive the balls. The bearing fits a 
1%-inch shaft and contains twenty-three 
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the test ball bearing being, respectively, 
kerosene, a mixture by weight of 96 per 
cent. kerosene and 4 per cent. graphite; 
lard oil, a mixture by weight of 96 per 
cent, lard oil and 4 per cent. graphite: 
vaseline, a mixture by weight of 96 per 
cent. vaseline and 4 per cent. graphite 
the graphite in all cases was Dixon’s T 
conderoga flake graphite. The chart: 
herewith show graphically the results ob 
tained. Where the curves are not labell« 
the results are without graphite. 

As the result of these tests Profess: 
Goss says in part that the following ge: 
eral conclusions may be drawn: 

“A combination of graphite and lard oi! 
makes up a lubricating mixture which, 
when applied to ball bearings, will accom 
plish everything which lard oil alone 
will do and which at the same time will 
give a lower frictional resistance of the 
bearing and permit a large increase in 
the load which it may be made to carry 

“An oil as light as kerosene, when in- 
termixed with graphite, will be converted 
into an effective lubricant for ball bear- 
ings when operated under light or medium 
heavy pressure. 

“Even so viscous a lubricant as vaseline 
will better perform a given service in the 
lubrication of ball bearings when supple- 
mented by small amounts of graphite 
The bearing to which the mixture is ap- 
plied will work with less frictional resist- 
ance and will carry a heavier load than 
when vaseline alone is used. 

“The admixture of graphite with either 
a liquid or a viscous lubricant serves both 
to reduce the friction and to increase the 
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The momentum of the heavy fly-wheel has 
a tendency to equalize the loads imposed 
on the motor end A when the motors 
driving the machines reverse, thus reliev- 
ing the supply circuit of the violent load 
fluctuations. 





The application of superheating appa- 
ratus in locomotive practice continues to 
make rapid progress in Germany. 


7/16-inch balls. The lower race is caused 
to revolve through the action of the ma- 
chine, while the upper one is fixed in 
position. 

It has been shown by previous experi- 
mentation that graphite can be efficiently 
applied as a lubricant when mixed in 
small quantities with oil or grease. Fol- 
lowing this practice, six series of tests 
were run; the lubricant employed upon 


possible load which a bearing thus lubri 
cated can be made to carry.” 





At a recent meeting of the committee of 
direction of the American Museum of 
Safety Devices, Mr. Briggs, on behalf of 
the Traveler’s Insurance Company, read a 
letter from President S. C. Dunham, 
offering an annual award of a gold medal 
under conditions to be determined. 
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from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





WE PAY FOR USEFUL 


An Electric Indicator for Water 
Tanks 





The accompanying drawings illustrate 
the design of an indicator for water 
tanks, which can be operated on a light- 
ing circuit, or by batteries. Fig. 1 is 
a plan of the indicator, Fig. 2 showing 
a side and end elevation. 
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FIG. I. PLAN OF INDICATOR 


The dimensions given are suitable for 
a tank indicator in which the water does 
not rise much over g feet. If for a highs 
er tank, the shaft E is made longer and 
the supports C C set farther apart. The 
base B and supports C C, are made of 




















is made of a piece of %-inch brass tub- 
ing, threaded on one end, as shown, and 
long enough to allow the shaft to project 
out about % inch from the support. 
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sent the source of current and connec- 
tions to the lamp in series with the in- 
dicator and the switch S which is of the 
two-point type. With the switch in the 
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FIG. 3. COMPLETE DIAGRAM OF INDICATOR AND WIRING 


The pulley D has a V-shaped grooved- 
face for the weight line, as shown in Fig. 
2, to which is suspended a weight W on 
one end and a float on the other. The 
holes FF are cut in the base B, to 
allow the line to travel with the pulley. 
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FIG. 2. SIDE AND END VIEW 


hardwood or fiber. If made of wood they 
should be varnished to keep out moisture. 


} 


Referring to the illustrations, A A are 
two brass or copper springs which make 
contact with the end of the shaft E, which 


The bearing on the threaded end is 
made of a piece of %-inch pipe coupling, 
in which the shaft E revolves freely. 

Fig. 3 shows the connections when used 
on a lighting circuit. Here M M repre- 


position shown, the lamp is extinguished 
and will not light until the float has 
moved enough to cause the shaft to make 
contact with the spring A, on the left, 
which closes the circuit through the shaft, 
as one live wire is connected to the bear- 
ing, as shown at G, Fig. 1. 

An indicator with a 24-inch pulley and 
a shaft of %-inch pipe, having 27 threads 
per inch, will revolve about 13 times 
while the float is rising 8 feet 9% inches, 
and will move the shaft about '% inch. 
The switch S is marked “high” and “low” 
on the contacts to correspond with the 
float in the tank. 

In Fig. 3 is shown the position of the 
float when the tank is nearly full, and con- 
tact about to be made at A, when the 
lamp will burn. When the tank is full, 
move the switch onto the “low” contact 
point. When the water in the tank is 
low, the shaft will have been moved to- 
ward the right until contact is made with 
the spring B, when the light will burn. 
The switch is then thrown onto the “high” 
contact. 

3atteries can be employed by using a 
bell instead of a lamp, or if desired a 
bell and lamp can be used on the light- 
ing circuit by placing them in series. If 
the indicator is,exposed to the weather it 
should be covered with a box. 

R. L. Mossman, 

Fremont, O. 
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An Incommodious Plant 





Figs. 1 and 2 herewith show the un- 
handy lay-out of our power plant, in which 
the building represented by Fig. 1 is lo- 
cated about 700 feet from those in Fig. 2. 
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manager that he had been master me- 
chanic of a certain large plant for several 
years, but as he was then idle he would be 
glad to take over his (the manager's) 
plant at a ‘slightly reduced rate. The 
manager, not being in the class described 
in the editorial, sent for me to come to 
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In the latter each X stands for a return- 
tubular boiler, the circles Z representing 
upright boilers. Coal is delivered to and 
ashes removed from the boilers in a hand- 
car. The long buildings in No. 2 contain 
numerous apartments so arranged that the 
boiler rooms are separated from each 
other by other rooms, and owing to the 
nature of the business (it is an asyium) 
each boiler room has to be kept locked, ex- 
cept when the fireman is in it. As it would 
not be practicable to have as many fire- 
men as there are boilers, it is necessary 
for the men who take care of the fires 
to unlock and lock the boiler-room doors 
many times during the twenty-four hours, 
And, say, it is interesting to hear their re- 
marks when the fires get low. 
THOorRNY. 
Toronto, Can. 





Athletic Master Mechanics 


The editorial on page 105 of the 
January 21 number, entitled, “An Accom- 
modator,” outlines a position and a class 
of employers that all of us run against 
occasionally, but, fortunately, they are the 
exception rather than the rule. Many 
times the mechanics themselves bring 


about this condition of things, and if it 
could only be arranged for these athletic 
mechanics and close-fisted employers to 
get together, all would then be well, for 
the others. 

A man from a nearby city once came 
to the plant where I was “it” and told the 


the office and told me that this man de- 
sired to annex my pretentious situation at 
a smaller salary, and evidently to serve 
his own ends, his largest recommendation 
being the statement that during several 
years’ occupancy of his previous position 
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making possible future additions to your 
department, I have decided to turn him 
over to you.” 

In a later conversation, the manager 
said he did not see how a man could give 
his personal attention to so many pumps 
and also keep up with the thousand and 
one details that must have belonged to a 
plant of the size and kind where this man 
had been employed. 

When I went to look over a similar 
situation some years later, and had finally 
signed a year’s contract, the superinten- 
dent said to me: “Now, Mr. Arnold, let 
us understand one thing: 1 do not wish 
you to ever put your hands on a machine 
tool under ordinary running conditions. 
Mr. Blank, the retiring master mechanic, 
is a fine mechanic and an awful nice man, 
but he simply cannot keep away from a 
machine tool, and while he is busy work- 
ing six or seven of his men are busy 
loafing and he cannot possibly do as much 
as all of them. Therefore, I wish it 
understood that if there is any loafing to 
be done, you are the man I have hired to 
do it, and it’s up to you to get out pro- 
duction, keep up the repairs, stop wastes, 
cut down the payroll and other expenses 
and loaf.” 

This “super” expected a man to do his 
duty and as long as he did so, there was 
absolutely no interference from the office. 
The employee planned and executed, and 
showed the superintendent results only. 
He had no time for details. “That’s what 
I’ve got you for,” he used to say. 
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FIG. 2. SHOWING 
he “kept up” twenty-eight pumps, and no 
one but himself had ever turned a nut on 
one of them in all that time. 

“As I am not at present in the market 
for a master mechanic,” said the man- 
ager, “I have no persona] interest in this 
man, but thinking you might appreciate 
his wonderful nut-tightening abilities in 


SCATTERED POSITIONS OF THE BOILERS 


Another time he told me always to con 
fer with him as long beforehand as. pos 
sible when I found it would be necessary 
for me to be away from the works to g‘ 
to the foundry, or for any other purpose 
and he agreed to do the same by me. 

“What I wish to do,” he explained, “i 
always to have one of us on the premises 
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wren running and then I know that 
ey rything is going to go all right.” 

t is a pleasure to work for such men, 
nd if a man is careful and a fair reader 
of human nature, he need never work for 
an, other kind, unless he gets hard 
pushed for a situation, which seldom hap- 
pens to a man who knows, and knows he 
knows, and, moreover, who is able to 
prove to others that he knows and does. 

L. L. ARNoxp. 
East Greenwich, R. I. 





Air-lift Regulator 





In our plant we have an air lift sup- 
plying water to a tank which is situated 
some distance from the engine room, and 
consequently could not be easily regulated 
therefrom. The demand on the tank was 
intermittent, and it was essential that the 
tank should neither go empty nor over- 
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AIR-LIFT REGULATOR 


companying sketch was therefore devised 
and installed. 

S is a stop-cock in the air pipe and has 
a bell-crank or lever attached to the plug. 
From this lever a wire goes to the walking- 
beam D, from the opposite end of which 
a float F is suspended. The stop-cock and 
float were adjusted so that when the 
water was 3 inches from the top of 
the tank the stop-cock was just closed. 
As soon as water fell in the tank the stop- 


cock was opened, admitting air to the 
lift 

This device kept the water within 2 
inches of a fixed point excepting, of 
course, when the air supply was shut off. 
ah stop for the beam D to rest on 
whe 


the tank is emptied. B is a weight 
to counterbalance the float and keep a 
on the wires. 


tension 
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In winter a box is set over the walk- 
ing-beam to prevent its becoming in- 
operative through fouling with sleet and 
snow. 

Grorce R. WILLIAMS. 

Findlay, O. 





Why Use Any Coal at All? 


I have read with mingled amusement 
and disgust the articles which have ap- 
peared recently in different papérs con- 
cerning the use of chemicals for increas- 
ing the heat value of coal cinders. A 
number of years ago a man came into 
the boiler room of the plant where I was 
employed and endeavored to sell a similar 
mixture, with plenty of guarantees as to 
results. I told him we were not espe- 
cially interested in using enough to reju- 
venate one ton of coal and make it equal 
to two, but that we might arrange to take 
twice as much and do away with the coal 
entirely. 

A. G. KNIGHT. 

La Salle, Ill. 





The Standing of a Draftsman 





Part of the writer’s training consisted 
of service at the drawing board, and ob- 
servations which have been made by him, 
not only during this period but also dur- 
ing his career, qualify him to express an 
opinion on this subject which might be of 
interest to all concerned in the design of 
machinery or plants. 

The question as to whether a draftsman 
or designer has a recognized standing in 
the community or in the engineering pro- 
fession itself may be briefly answered in 
the negative. It might be well to con- 
sider here the qualifications of a drafts- 
man, also the education and training 
necessary to qualify one for the ordinary 
duties of a draftsman, or those of de- 
signer. ; 

Engineering concerns, consulting - engi- 
neers and other employers usually expect, 
and justly so, the designer to have had a 
thorough theoretical training at some uni- 
versity or similar institute of learning. 
This is supposed to consist of a four 
years’ course of study and is combined 
with no little expenditure of effort and 
money. 

After graduating, he puts in at least 
one to two years in the shops, to acquire 
the necessary practical training and ob- 
tain a thorough knowledge of the methods 
employed in the various departments, viz, 
the pattern shop, and foundry and ma- 
chine shop, which training includes lathe 
and bench work, assembling of machines, 
making tests, and, possibly, field work. 

This training does not complete the en- 
gineer-designer’s education. Actual office 
experience in the drafting room, embrac- 
ing detailing and similar work, is re- 
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quired. Then begin the duties of pre- 
paring designs of portions of a machine 
or plant. After some more years of service 
his ability for making calculations and ar- 
ranging the assemblage of parts, as well 
as designing complete machines and in- 
stallations, has finally fitted him for the 
broad duties of designing plants of all 
kinds, so that, before becoming a full- 
fledged designer, he has reached the age 
of 28 to 30 years and his remuneration 
may amount to $30 or at best $35 per 
week. 

The ordinary artisan, the bricklayer, or, 
say, the steamfitter, who performs mere 


labor in installing the equipment as de- 


signed, earns, even at a much earlier age 
and without any education whatever be- 
yond that received at a primary school, 
five dollars per diem and more. Further- 
more, the latter had no expenditures for 
special education, and he begins to re- 
ceive wages immediately upon leaving the 
public schools. Also, he is paid for over- 
time an advance of 50 to 100 per cent., 
whereas the draftsman, except in very 
rare instances, is expected to work over- 
time without receiving any remuneration 
therefor. 

The opportunities offered the draftsman 
to still farther advance himself are rare. 
Many obstacles are met with when he 
puts forth honest effort to make himself 
especially useful to the firm. This is 
frequently due to a desire on the part of 
the chief draftsman to keep the subordi- 
nate where he is so as not to endanger 
his own position. In order that assistants 
may not be accorded the credit due them 
for new ideas or designs, the chief will 
take such credit unto himself. To make 
matters worse, it often occurs that the 
chief will make a scapegoat of the assist- 
ant by shifting to him the responsibility 
for blunders made by himself. Again, in 
order to forestall any attempt on the part 
of the assistant to secure an advance in 
salary, similar obstacles are placed in his 
way, not only by the chief but also by the 
managing head of the department. 

After several experiences of this kind, 
in various offices, the draftsman becomes 
indifferent and concludes that he might 
better employ his talents in the pursuit 
of other occupations requiring technical 
knowledge, very often entering the field 
of engineering on his own account. 

Owing to the fact that the draftsman 
has no standing, students at some colleges 
are advised against accepting positions at 
the drawing board, as being an undesir- 
able occupation, and thus the future en- 
gineer misses the benefits which would 
be secured by an extended experience at 
the board in the design of machinery and 
plants, or of such other works as come 
within the sphere of engineering selected 
by him. That the position of the de- 
signer should be considered an inferior 
one, which does not entitle him to a 
standing of equality, probably because he 
is not the leading spirit in the engineering 
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undertaking, is unfortunate. In reality 
the duties of the consulting engineer and 
those of the technical graduate in his ca- 
pacity as designer are closely allied. Both 
constitute important factors as concerns 
the conception, design, erection and eco- 
nomical operation of the machine or plant. 

Designing, putting the conception, sug- 
gestions, ideas or scheme of the consult- 
ing engineer in concrete form, and com- 
pleting the plans which form part of the 
specifications, and both of*which define 
for the contractor the method and details 
of execution of the work, is certainly of 
equal importance, 2s concerns the ultimate 
results, as the creation of the scheme ne- 
cessary to carry out the capitalists com- 
missions. 

It goes without saying that if the con- 
sulting engineer employs a draftsman who 
is not a technical graduate or is not fully 
competent to make complete designs, and 
the former not only creates his own 
scheme and makes his own calculations, 
but also directs every move of the 
draftsman so that the latter takes no part 
even in creating the details pertaining to 
the combination, and therefore need only 
be skilled in the art of preparing mechan- 
ical drawings, the consulting engineer’s 
efforts embrace the entire engineering 
services connected with the plant or work. 
But, even the chief draftsman in a large 
concern would-not have the time at his 
disposal to take all these duties upon him- 
self. He merely indicates what is wanted, 
or he may suggest a scheme, and leaves it 
entirely to the designer to design the ma- 
chine or plant and, in conjunction with the 
juniors, to complete all drawings therefor 
or for that portion of the plant, if it be 
a large one, which is allotted to his par- 
ticular department. 

A custom detrimental to the efficiency of 
the office is the laying off of draftsmen as 
soon as any important work on hand is 
completed. This is frequently done upon 
very short notice, as would only be ex- 
pected in the case of ordinary mechanics, 
and is based upon mistaken business judg- 
ment. The exigencies which call upon the 
draftsman, during periods when business 
is rushing, to put in overtime, make it ap- 
pear only fair that he should be retained 
during duller periods, thus offering an in- 
centive to keep his employer’s interests 
in mind at all times. 

It would be to the interest of all con- 
cerned if these conditions were improved 
so that at least the designers or principal 
draftsmen were employed under yearly 
contracts, with a one- to three-months’ 
notice clause, as is the custom in other 
countries. 

In Europe graduates of this class have a 
recognized standing, an “Jnginieure,” be he 
engineer-designer or consulting engineer, 
being on an equal footing with the doctor 
or lawyer. He enters the service of an 
engineering Or manufacturing concern 
under a contract binding both parties to 
the term of service agreed upon and 
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which will vary, a beginner generally be- 
ing employed under a six-weeks’ notice 
clause, while the more experienced are 
engaged under yearly contracts with a 
three-months’ notice clause. For this rea- 
son better and more enduring relations, 
promoting a feeling of mutual interest in 
their pursuits, exist between employer and 
employee. In consequence, it will be found 
that such technically trained men continue 
in their profession through life as de- 
signers or chiefs of their divisions, or 
until they retire from active service. 
C. FREMONT GESSERT. 
Brooklyn, N. Y. 





A Nail-keg Strainer 





A duplex pump was used for pumping 
pond water for flushing out a deep well 
and washing away the clay cut out by the 
casing as it was forced downward. No 
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A NAIL-KEG STRAINER 


strainer was used on the suction pipe, as 
it was thought that the water was suffi- 
ciently clean and free from any material 
that would catch in the valves. 

The pump ran smoothly for a few days, 
then one side refused to deliver water. 
On examining the valves it was found 
that a horse bridle had been drawn up 
through the suction pipe and had caught 
under the valve. To avoid a repetition 
of such an occurrence, a strainer made 
from a nail keg was placed on the end of 
the suction pipe. 

In making, the hoops on one end were 
loosened to get off the head, in which a 
hole was cut large enough to fit around 
the suction pipe, on the end of which was 
screwed a coupling to prevent the strainer 
coming off. The head was then split in 
half to permit of its being placed above 
the coupling. 

The body of the keg was pierced by a 
number of one-inch holes, as shown in the 
sketch. The keg was then placed in posi- 
tion over the pipe and the hoops tight- 
ened. When the keg was placed in ser- 
vice, it gave very good results. 

Geo. W. Martin. 

Pine Bluff, Ark. 
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Commutator Pitting 





In the January 28 number there is 
letter under the head, “Pitting of a Com 
mutator.” I have known of a number o 
commutators which showed pitting in thi: 
same way, and it usually happens on m 
chines having equalizer taps between leacs 
of equal potential about the commutat: 
If for any reason these equalizer strips 
become disconnected, or of too high re- 
sistance, pits of this kind occur and the; 
are often due to an unequal distribution 
of the field of the machine. 

If Mr. Westerfield will examine 
machine carefully, I think he will find 
that the pitting occurs nearly opposite 
where the equalizer taps are connected. 
It might also be due to the use of the 
short chord winding of the armature 
which, if carried to excess, produces a 
very narrow neutral point; unless the 
brushes are adjusted very accurately with 
reference not only to the commutation 
for the load at which they are running, 
but also to the field distribution between 
the poles, pitting of this kind will occur. 
Trouble also occurs from having the 
brushes track. It is advisable to arrange 
that each pair of groups, that is, a posi- 
tive and a negative group, track with each 
other, but that each alternate pair space 
so that the center of one brush runs 
behind the space between two other 
brushes. In this way the wear on the 
commutator is evened up and much of 
the trouble with rough commutators may 
be avoided. 

Most generators and motors are de- 
signed to give a symmetrical distribution 
of the field, so that the brushes may be 
set diametrically opposite, but it some- 
times happens, either from variations in 
the quality of the iron or a mistake in the 
setting of the pole casting, that the dis- 
tribution of the field around the arma- 
ture is not symmetrical; and under these 
conditions it is not possible to get spark- 
less commutation with the brushes spaced 
symmetrically. They must be arranged in 
accordance with the distribution of the 
field and the neutral plane of the arma- 
ture. It is sometimes necessary to make 
a study of the potential around the com- 
mutator, and adjust the brushes in accord- 
ance with the results of this study. 

Henry D. Jackson. 


his 


Boston, Mass. 





On page 150 of the January 28 number, 
Mr. Westerfield asks: “What causes the 
pitting of the commutator?” I think he 
answered the question himself. The 
brushes jump away from the commutator 
and a small are is formed at the point of 
the brush. Before the next jump occurs 
the commutator has moved four inches. 
The vibrations occurring regularly, the 
commutator bars are burned at regular 
intervals of about four inches apart. The 
vibration may be the result of the brushi- 
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iolder spider being too light for the 
york. 

H. B. Branp. 
Brooklyn, N. Y. 





The Placing of Valves 


Having followed with interest the dis- 
cussion in regard to placing of valves, 
and the kind of valves, I wish to give 
my experience with gate valves. I took 
charge of an extensive greenhouse-heating 
plant. We had two boilers and a receiver 
tank, with a steam pump to return con- 
densation; both boilers were fitted with 
gate valves on the feed-water lines. One 
evening, after a boiler had stood banked 
all day, the fireman, in attempting to open 
the gate valve on the feed line, broke the 
stem, with the valve in the closed posi- 
The check-valve was placed on the 
off-side of the gate valve; consequently, 
with the boiler under steam, we had no 
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drain one boiler, break the connections 
and patch up just in time to prevent 
a loss. 

We often see gate valves on large 
steam mains next to the boiler. Suppose 
one of these should stick and the stem 
break when steam was needed? Gate 
valves have a tendency to stick and often 
the stems are very thin and weak. 

FreD WINDMILLER. 

Columbus, O. 





Sub-station Troubles 





On page 862 of the December number, 
G. W. Martin, in referring to the article 
on “Sub-station Troubles,” states that 
when it was tried to start a rotary con- 
verter from a standstill by .the method 
described in the article, its armatures, in 
one case, refused to move and in another 
case rocked violently. Is Mr. Martin 
positive that the same method was used, 
step for step, as described? 
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DETAILS OF ELEVATOR FOR HOISTING ICE 


way of getting at the valve. The only 
thing left was to fire the other boiler, 
which done. After steam was on, 
and feeding became necessary, the fire- 
man returned in dismay, reporting the 
breaking of the second gate-valve stem 
in the same way as the first. Thus we 
had two boilers under steam and could 
feed neither one; there were no means 
handy of getting the disks out of the way 
and, the temperature being low, a shut- 
wn would mean a complete freeze-out 
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d total loss of stock. We managed to 


was 


( 





The writer of the article was present 
at the first test made in a sub-station of a 
large lighting system. At the first trial 
it was thought advisable to have the field 
switch of the converter closed, before the 
generator at the central station 
started. The results were similar to those 
described by Mr. Martin. The rotary 
armature rocked or refused to move, and 
it was evident that the test was not a 
success. After a few more unsuccessful 
attempts to start the converters it was 
decided to start them with an open field, 
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that is, with the field switch kept open. 
This was done and the machines started 
up without mishap. When the speed was 
about two-thirds normal, the field switch 
was closed, without appreciable decrease 
in speed. 

In reference to the lubrication of com- 
mutators, the writer has tried the scheme 
of boiling the brushes in oil, etc., but 
cannot say much in favor of it. The oil 
will ooze out of the brushes and will con- 
stantly keep the commutator dirty and 
greasy, taking up more of the converter 
attendant’s time to keep the commutator 
clean than would be required to lubricate 
the same properly if the brushes were not 
boiled in oil. As to staggering brushes, 
that is really one of the necessary things 
to be done and ought to be familiar to 
every dynamo or converter tender. 

A. WoHLGEMUTH. 
New York City. 





A Steam Elevator for Hoisting 


Ice 





I submit herewith a sketch showing the 
details of a steam elevator which we put 
in our plant to elevate ice to the upper 
floor, the freezing tank and storage room 
being in the basement. For a long time a 
chain hoist was used for the purpose, but 
it was too slow work and we could not 
raise more than 15 or 20 blocks of ice per 
hour. With the steam elevator we haul 
up from 60 to 70 blocks per hour. The 
elevator shown only cost us $74. 

T. M. Street. 

Seneca, S. C. 





Tightening Nuts on Piston Rods 


Referring to Ed. H. Lane’s communi- 
cation on page 100 of the January 21 num- 
ber, I am moved to say that his method 
of tightening nuts on piston-rods suggests 
a somewhat reckless disposition which, if 
long continued, will terminate very seri- 
ously. I have in mind a case where an 
oil-mill foreman had a 6-foot wrench put 
on a jam-nut next to the crosshead and 
had three good-sized men come down on 
it with all their power. Well, the engine 
was started up and had hardly received 
the full load when the piston-rod pulled 
off between the jam-nut and the cross- 
head, knocking out the cylinder-head and 
tearing a fairly large hole through the 
engine-room wall. This, of course, caused 
considerable delay and expensive repair, 
all of which could have been avoided by 
using a little judgment in tightening nuts. 

I do not like to give my method of 
tightening nuts on piston-rods or anything 
else, but I will say that in performing any 
and all of the duties that fall to a man’s 


230 


lot in the engine room (above every 
place else) the best judgment should be 
used. 
W. F. Burrow. 
Hico, Tex. 





Chain and Staggered Riveting 





M. J. Smith, in his article on the 
strength of riveted joints, on page 38 of 
the January 14 number, makes some 
statements that I think will bear criticism, 
if I have interpreted his meaning. He 
says: “If in a double-riveted boiler the 
rivets are placed opposite each other, each 
section between the rivets would be so 
great as to cause a tendency to leak, and 
even if each row were the strongest it 





FIG. I 


could be made, the second row would be 
of no benefit whatever. Consequently, 
the rivets in the second row are placed 
opposite the section space in the first row,” 
etc. It is evident that Mr. Smith believes 
that a double-riveted lap-joint, with the 
rivets arranged in what is generally desig- 
nated as chain riveting, as shown in Fig. 
1, would have a much greater pitch than 
a staggered riveted joint like that in Fig. 
2, when using similar thicknesses of plate 
and diameters of rivet holes; also that 
one of the rows of rivets in Fig. 1 would 
be of no service in resisting any tendency 
to rupture due to tensile stress in the 
shell. The incorrectness of the latter 
statement is very evident when we con- 
sider that there is in reality no first or 
second row of rivets in a double-riveted 
lap-joint, as each row occupies the same 
position with respect to the edges of the 
sheets, it depending merely from which 
side of the sheet the joint is viewed as to 
which row is nearer the edge. It is, of 
course, true that the staggering of the 
rivets tends to stiffen the joint, and it 
also allows more room for the dies used 
in riveting without excessive space be- 
tween the two rows of rivets; but as far 
as strength to resist tensile stress is con- 
cerned, either type of joint would be 
equally strong, and the longitudinal pitch 
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on both would be the same if properly 
proportioned. 

Another point that Mr. Smith makes is 
that the pitches along a seam should be 
very evenly spaced to insure a maximum 
efficiency of joint. This, however, is not 
correct, for if we assume that we have 
a maximum efficiency joint with a pitch 
of two inches, that would mean that 
there would be six pitches in one foot or 
twelve pitches in two feet, and as long as 
the required number of pitches were con- 
tained in a given length of the seam, as 
illustrated, it would make no difference in 
the strength of the joint if the individual 
pitches between these points varied as 
much as % inch or more. The exact 
amount of variation, however, that could 
be allowed before the strength of the 
joint would be impaired, cannot be stated, 
for it would ‘depend upon the distribution 
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FIG. 2 


of the stresses in the plate around the 
holes, which is a problem that has never 
been solved to the writer’s knowledge and 
probably never will be. 
J. E. TERMAN. 
New Haven, Conn. 





The Injector Was Choked with 


Lime 





The feed-water for our boilers comes 
from the mountains and is carried 
through an irrigation ditch to a hill be- 
hind the plant, the fall being about 10 
feet. Just before it reaches the well 
from which I draw it, it passes through 
a dooryard. A short time ago the house 
to which the yard belongs was plastered, 
and the plasterers washed their mortar 
boards and tools in the ditch. Then my 
trouble began. The water level in the 
boiler gradually got lower and the in- 
jector began to overflow. In spite of all 
I could do, things went from bad to 
worse, until I had to shut down. 

I examined the injector and found the 
tubes nearly closed with a soft-lime scale 
which was easily removed-with a small 
piece of square steel pointed at one end. 
After cleaning the tubes I put the injector 
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back and started up. Everything ran as 
if new, at first, but the trouble reap- 
peared in an hour or two. I cleaned the 
injector again and then I cleaned the 
well, and have had no trouble since. 
R. ‘©. Pat. 
Boulder, Colo. 





Those Rich New York Ashes 





That ash-burning circular from _ the 
school department of New York to its 
janitors, etc., published in the January 7 
number, came as a shock to my rural 
mind. I have for many years got the best 
information from the mechanical papers 
published in New York. We look to your 
city for high buildings, high finance and 
advanced thought in economic practice; 
but here comes a document that makes us 
sit up and wonder who has got hold of 
the directing levers, or who is floundering 
in the official ink-pot. 

Most engineers who have been burning 
fuel, or seeing that it was properly burned, 
had come to the conclusion that only 
heat-producing substances were of value 
in a furnace, and I, for one, have never 
rebuked a fireman for picking out pieces 
of slate, rock or other foreign substances 
from the coal before throwing it into the 
fire; but here are explicit directions for 
putting large quantities of non-combus- 
tible materials into furnaces, with the 
official assurance that an economy of 
from 25 to 70 per cent. will result. I am 
of the opinion that a good many of the 
janitors, etc., will admit themselves to be 
from “Missouri” and will need to be 
“shown” before they reach the high ideal 
set for them. 

How would the following have done for 
a circular to the janitors, etc.? 

“Gentlemen: From careful tests made 
by this board it is evident that the fuel 
furnished our school buildings has not 
been as fully utilized in burning as it 
should have been, the losses from im- 
proper firing, or neglect in other par- 
ticulars, being as great as 70 per cent. in 
some cases down to 25 per cent. in others. 
We have employed an expert who will 
call and show you how most of these 
losses may be avoided.” 

I also suggest that in the primary de 
partment a large class of boys be given 
a kindergarten course in fuel economics. 
Give each boy a pound of ashes (primary 
product) and let him separate the burned 
from the unburned particles and _ sce 
which has still the power to keep them 
warm, and which is just ashes and of no 
farther use as fuel. 

If the persons who signed this famous 
circular could have had the benefit of such 
a course, they might have been spared 
unenviable notoriety now. 

Peter H. Buttocn. 

Concord Junction, Mass. 
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Adjusting Journal-box Caps 





Herewith I present a sketch of a time- 
id labor-saving method of adjusting the 
ips of heavy bearings which may be of 
se to some Power readers. The cap is 
pped for set-screws at the points marked 
the object of the set-screws being to 
wiate the use of liners for adjusting the 
hearing cap. Set-screws afford more 
,.ccurate adjustment, in less time and with 
less labor, than is possible with liners. A 
good method of adjusting a cap provided 
with set-screws is to turn the set-screws 
back until the cap rests on the shaft; then 
draw up the holding-down nuts (or cap- 
screws) with the fingers until they just 
touch the cap; then set down the set- 
screws tight. If the bearing runs true, 
does not cut, and the oil grooves are open, 
it will not be likely to give any trouble. 
We applied this method to the main bear- 
ing of a 50-horse-power engine running 
at 140 revolutions per minute, and to an 
engine belted to a 125-kilowatt 250-volt 
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direct-current generator, and in both 
cases the bearings gave better satisfaction 
than with the use of liners. The size of 
the bearing and the strain it is subjected 
to determine the size of the set-screws to 
be used, of course. 
L. H. Hawkx1ns. 
Reading, Penn. 





Comment on Poor Engineering 


Advice 





I have noticed a number of articles in 
Power on the subject of why gas engines 
fail, and many of them are criticized for 
having been installed in places where the 
engineer is not capable of handling them. 
There seems to be good reason for this 
complaint, but it is largely due to the gas- 
engine manufacturers themselves. I know 
of »n instance where a manufacturer was 
advised to install a producer gas plant 
anc engine for the purpose of driving the 
machinery in his plant, being told that the 


sare class engineer would be required to 
Operate the producer and engine that 
wo ld be required to operate the steam 


envine, the plant being under 50 horse- 
Pover. He was also told that it was all 


toclishness to consider the use of ex- 
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haust steam for heating purposes—that if 
his plant required all of the steam ex- 
hausted from his engine to heat it, he 
would use just as much coal by using the 
exhaust steam for heating as he would if 
he used a heating boiler and supplied 
steam for heating from this boiler and let 
the exhaust steam from his engine go into 
the air. In other words, that it was not 
feasible to use the exhaust steam of his 
engine to good advantage for heating. He 
was told that the foremost engineers of 
the country today admit that the use of 
exhaust steam for heating was a mistake, 
but that none of the engineers dared 
to admit, by installing a separate heating 
plant, that such a mistake had been made 
for sO many years. 

There is no question that the ordinary 
gas engine and producer do require 1 
man with more ability than an ordinary 
boiler and steam engine, except during 
the period when the engine is running in 
good condition. In order to operate a 
producer to best advantage, it must be 
handled intelligently; and in order to 
make repairs and keep a gas engine in 
proper operating condition, skilled attend- 
ance is necessary—far more so than with 
the ordinary high-speed steam engine. 
It is also true that in most manufacturing 
establishments where steam is used 
for other purposes than operating the 
engine (such as heating), the producer 
gas-power plant has very little to 
recommend it. The first cost of the in- 
stallation is considerably greater, the cost 
of attendance is greater, and although the 
coal consumption for power may be far 
less, the total coal used during the year 
for power and heat, plus the interest on 
the investment for engine, producer, heat- 
ing boiler and the necessary attendance, is 
likely to be considerably greater. 

Henry D. JAcKson. 

Boston, Mass. 





Singular Cause of a Boiler Ex- 
plosion 





One of the two 54-inch corrugated fur- 
naces in a 11-foot 6-inch by 18-foot single- 
ended Scotch boiler collapsed shortly after 
steam was raised in it and it was about to 
be cut into line. The water tender at the 
time of the collapse was standing at the 
side of the furnace door with his hand on 
the feed valve to fill the boiler before cut- 
ting it in, but fortunately the accident hap- 
pened before he had time to open the feed 
valve, and as he was not directly in front 
of the furnace he escaped with a few 
scalds and a severe nervous shock. 

Upon examination it was found that a 
slit had occurred in the top of the fur- 
nace along the line of one of the corruga- 
tions, making an opening about five inches 
wide and nearly three feet long, and many 
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of the tubes were badly burnt or warped 
and some were pulled out of the back 
tube-sheet. 

Questioning the day firemen and water 
tender, I learned that the boiler had been 
shut down and cleaned out, and that the 
water column had been taken down to 
make some changes in the piping. The 
water tender said that when he filled the 
boiler he had the top gage-cock open and 
he did not shut it until he noticed that he 
had put too much water in the boiler. 
He then shut off the gage-cock and 
stopped the feed and opened the blow-off 
to let some of the water out. When com- 
menting upon this operation, he said that 
he drew off water until it was down to 
the lower cock, and that he was surprised 
at the long time it took to let out the wa- 
ter. He had tried the water column to 
see if it was in order, but did not 
thoroughly test it. 

A light fire was next started in one 
furnace and the boiler warmed slowly un- 
til about five pounds’ pressure showed on 
the gage, whereupon a fire was started in 
the other furnace and the pressure gradu- 
ally worked up to 150 pounds. At this 
point, the night water tender noticed that 
the water had disappeared from the gage 
glass and was just going to put water in 
the boiler when the furnace collapsed. 

I had the water column taken down, 
examined it, and found a blind gas- 
ket in the flanged coupling between the 
top of the water column and the boiler. 
What happened was no doubt as follows: 
The top gage-cock being open the water 
entered the gage column and showed the 
correct water level until the top cock was 
closed, and when water was let out of the 
blow-off, the vacuum above the water in 
the column is probably what caused the 
water to go out of sight when the boiler 
got hot. The cost of the carelessness in 
leaving the blind gasket in was a little 
over $1000, besides the loss of the use of 
the boiler for two months when it was 
badly needed. 

Flanged couplings should not be per- 
mitted in water-column connections, as 
such carelessness is likely to happen in any 
plant in the course of time. 

H. F. Scummr. 

Buffalo, N. Y. 





National Electric Light Associa- 
tion 





The next convention of the National 
Electric Light Association will be held in 
Chicago, May 19 to 22. The headquarters 
will be in the Auditorium hotel, and the 
sessions will be held in the Fine Arts 
building. For exhibits the former dining- 
room of the hotel will be utilized, this 
room being in direct connection with the 
nieeting room in the Fine Arts building. 
The banquet room in the Auditorium will 
also be used for committee meetings. 
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Separation of Oil from Exhaust 
and Water of Condensation 





By Pror. CLaupius LEE 





Interest in the problem of separating oil 
from exhaust or water of condensation 
does not seem to abate, and judging from 
the number of inquiries many of the meth- 
ods used would seem to be entirely inade- 
quate. Better results could be accom- 
plished by treating each case separately, 
just as any other engineering or physical 
problem is treated that arises for solution. 
No one remedy will suffice for all cases. 
The physical conditions are not well 
enough known to apply any exact analyti- 
cal methods successfully. The problem 
must be solved by intelligent observation 
and reasoning, something after the man- 
ner of a physician who treats an obscure 
bodily ailment. 

The conditions as enumerated below 
may not represent the actual ones, but they 
are at least thinkable, and proceeding on 
these premises has led to the successful 
separation of the oil in some apparently 
hop*less cases. In the oil-charged exhaust 
the oil is very hot and may be more or 
less uniformly distributed in the current 
of steam. The specific gravity of the oil, 
moisture and steam are probably different, 
but little is known of their relationship. 
The oil may be in a more or less finely 
divided state among the particles of steam 
and water, sticking to the sides of the 
pipe, running along in a small stream on 
the bottom of the pipe; particles of steam 
and water may be surrounded by envel- 
opes of oil, something after the order of 
an emulsion, and it is possible that there 
may be some gil in the state of vapor. 
All of these conditions may exist at once, 
or any combination of any number of 
them. There may be other conditions en- 
tirely unknown. 

If the oil is merely mixed with the 
steam baffles, deflectors and centrifugals 
will accomplish almost complete separa- 
tion, if the velocity of the current is not 
great enough to pick up the oil again. 
In the case of the particles of steam, va- 
por, or water surrounded by an enveloping 
skin of oil, there must be some action 
that will not only skin the particles but 
hold the skin to keep it from following the 
steam or water. Guy M. Barber, on page 
631 of the September number, strikes the 
keynote to the successful accomplishment 
of this, when he says “use excelsior and 
plenty of it.” 

The oil-enveloped particles in passing 
through the excelsior have the oil skin 
broken by the sharp edges and almost in- 
visible splinters of the excelsior which also 
holds and absorbs the oil. The writer has 
used this material for a long time and 
found that the rougher and thinner the 
excelsior the more effective it is; that 
made from soft woods, with a dull tool, 
is best. 
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Vaporized oil will go anywhere that 
steam will, but it is usually so small in 
quantity as not to give trouble. Cooling to 
the point where it will gather in drops is 
necessary before any attempt can be made 
to extract it. 

The removal of oil from water of con- 
densation after it has cooled below boil- 
ing point is readily accomplished by filter- 
ing through excelsior at any pressure up 
to 150 pounds per square inch, probably 
higher, but I have never tried it above this. 
A low velocity of the water down (give 
gravity a chance) through the bed of ex- 
celsior is the proper thing. The filters 
should be installed in duplicate so one can 
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The excelsior bed is supported on an 
iron chair made by drilling a blind flange 
full of 7%-inch holes, putting four 7gx4- 
inch bolts, with jam-nuts on_ them, 
through convenient holes, for legs; and an 
eyebolt with similar nuts through the cen- 
ter, extending up to the top, to lift up the 
bed for examination or removal of oily 
excelsior. A circle of fine wire gauze is 
fastened under the nuts on top of the 
chair. 

The action of the filter has been fre- 
quently observed by removing the tof 
cover and lifting the bed; the line of de- 
marcation between clean and oily ex 
celsior, when properly packed, is very 
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EXCELSIOR FILTERS TO REMOVE OIL 


The manner of packing exerts a marked 
influence on its efficiency; it should be 
neither too tight nor too loose; a few 
trials, with a close examination of re- 
sults, will demonstrate what is best. 

Herewith is a sketch of a pair of excel- 
sior filters designed for a 400-horse-power 
plant to remove oil from water of con- 
densation at a temperature of about 210 
degrees Fahrenheit, working under a 
pressure of from 135 to 150 pounds per 
square inch. They were made from two 
pieces of wrought-iron pipe, stopped at 
each end with blind flanges. The wa- 


ter enters at the top, passes down through 
the excelsior bed and out at the bottom. 
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down to the bottom. Water drawn from 
the bottom is perfectly fit to drink. This 
pair of filters has been in successful use 
about four years. 


AN INTERESTING EXPERIMENT 

A very interesting experiment was 
made with this filter, which could be 
profitably repeated by anyone desiring in 
formation on the subject. It consisted of 
packing with successive layers of excel 
sior, straw, shavings, sawdust, sponge, 
cotton waste, sand, and tan-bark, with 2 
layer of excelsior on the bottom; separat 
ing each layer of material from the next 
with a piece of burlap. The filter was then 
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used until the bottom layer of excelsior 
showed a considerable amount of oil. 
The relative efficiencies of the various ma- 
terials was determined at a glance. It is 
sible that some material other than ex- 


pc 
celsior might be more efficient in cer- 
tain cases, if so this method would 


quickly show it. 

This experiment could be tried on a 
small scale, with very little expense, for 
almost any case arising, and with the in- 
formation thus gained an intelligent de- 
sign could be made with almost a cer- 
tainty of its working satisfactorily when 
built and installed. 

The most advantageous point to install 
a filter of this kind is in the feed line to 
the boilers beyond the pump, for then 
there is no back pressure on the engine 
and the condensed water from all drips 
and returns can be more readily saved. 

The writer has no quarrel with the 
mechanical separators; most of them will 
do what is claimed for them if intelli- 
gently installed under proper conditions. 


FIG. I 


It has been often observed that “al- 
most any old tub of an affair” will give 
good results as an exhaust head if it will 
drain. It should also be noted that al- 
most all of them are from the nature of 
the case installed some distance from the 
engine, that they suddenly bulge out to a 
size many times that of the pipe and the 
drain is placed where the water and oil 
do not have to run against the incomi 1¢ 
current of steam. 

The separation of oil and water from 
exhaust is a very similar problem to that 
of keeping the roof clean and dry and 
many useful lessons could be taken by ob- 
Serving the action of exhaust heads. 
Separators should be installed as far as 
Possible from the engine. The difference 
in their behavior due to distance from the 
engin may be as much as go per cent. 
This is an observed fact, but I can give 
no satisfactory theory to account for it. 
They should be large enough to suddenly 
teduce the velocity of the current so as to 
allow the dropping of the water and oil, 
Which will be accomplished for all ex- 
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cept the oil skin surrounding particles of 
steam. 

Baffles, etc., aid materially the dropping 
of the liquid particles. Lastly, the drain 
should be so placed as to rapidly free the 
separator from the dropped liquid without 
any chance of its being picked up again. 
Skimmers of various types can often be 
installed with advantage in coniunct.on 
with both separators and filters. 





Coal-recording Apparatus 





By J. C. MILLER 





In a large power plant with which the 
writer was connected it was desired to 
know how much coal was used daily, and 
when it was used, in order that a check 
might be kept upon the evaporation. The 
apparatus shown in the accompanying 
sketches was devised and put into opera- 





tion. It filled the bill so well and was 
so simple that I submit it to others who 
are in need of similar apparatus. 

Fig. 1 shows the track along which the 
coal cars are rolled, the cars being at all 
times filled to the same degree. The 
wheels of the car depress the lever A, 
which is connected by a link to the lever 
B projecting from an iron box C in which 
are placed the electrical connections 
shown in Fig. 2. A spring D returns this 
lever to its original position after the 
wheels pass over it. 

In Fig. 2 is shown a shaft which ex- 
tends from one side of the box to the 
other and revolves in fiber sockets E. 
On this shaft is a sheet of brass F, free 
to rotate and move endwise. On one end 
of this sleeve is cut a four-toothed 
ratchet. Rotation is secured by means of 
a chain G attached to the lever B, and a 
spiral spring returns this sleeve to its 
first position. A second sleeve carried by 


this shaft carries an insulating fiber sleeve 
H, through which a brass pin connects 
with the shaft. 


Contact pieces J] make 
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connection between the loose sleeve and 
the pin through the fiber sleeve, one con- 
tact being made for each four movements 
of the lever B. 

The recording is done on a watchman’s 
clock in the office, a needle point being 
pushed into a paper whenever an electrical 
impulse is sent over the lines from the 
power house. The paper receiving the 
indentations is moved by the clockwork 
of the watchman’s clock, and requires no 
extra attention. 





A visitor, looking at a turbine which 
had lately been installed in an engine 
room, said to the engineer: “I suppose 
the turbine is going to put the reciprocat- 
ing engine out of business?” “Well, no,” 
was the engineer’s reply, “the turbine and 
the engine are going to the scrap heap 
hand in hand. The new motor is already 
in the field and has given notice to quit 
to both the old-style prime movers. They 
have heard—and with a fair start they are 


¢ 


FIG. 2 


running neck and neck for the dump. 
The new motor is able to deliver the 
goods. I mean the internal-combustion 
motor. It is in several forms, but in all 
of them the fuel, whether it is coal, oil, 
tar or gas, is burned in the cylinder, sav- 
ing a whole lot of heat that is lost ia 
transmission from the grates to the cylin- 
der. It is the heat that is used in the 
cylinder of the engine that does the work. 
In the new motor the heat is generated 
on the spot where it is used, without the 
need of transmission machinery, such as 
boilers, pipes, valves and _ separators. 
Whenever anything new becomes a com- 
mercial and industrial proposition, it is 
spoken of as being in its infancy. The 
internal-combustion motor is in its in- 
fancy, but I want to tell you that it is one 
of the healthiest infants I have seen in 
a long time.” 





A formula for fireproofing woods and 
cloths consists of: Sulphate of ammonia, 
135 grams; borate of soda, 15 grams; 
boric acid, 5 grams; water, 1000 grams. 
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Professional Workingmen 





The grading of engineers’ licenses, 
while perhaps working hardship upon the 
less well-informed members of the craft, 
emphasizes in an emphatic manner the 
necessity. of study on the part of the man 
who would be a successful engineer. The 
science of steam engineering is com- 
paratively young, and the art as a gen- 
eral or common trade still younger. With 
the development of the electric light and 
electric transmission of power there began 
the marvelous growth and adaptation of 
steam power that has practically made a 
new class of workers, who are sometimes 
called “professional workingmen,” men 
whose manual labor (and there is much 
of that in the modern steam plant) 
plainly designates them “workingmen,” 
and whose intellectual work and attain- 
ments just as plainly place them in the 
professional class. It is, or should be, 
an incentive to painstaking, intelligent 
study on the part of the engineer to know 
that in no walk in life is real merit more 
likely to be recognized and rewarded. 





Practical Examinations 





The license laws of the Commonwealth 
of Massachusetts state, among other 
things, that the examination of applicants 
for licenses should be “practical.” But, 
unfortunately, the law neglected to define 
the word practical, and thus left much to 
the discretion or prejudice of the 
examiner. One applicant states that he 
was asked to describe a Corliss boiler and 
tell in what manner it differed from other 
boilers. Not one engineer in ten thou- 
sand has ever heard of a Corliss boiler, 
still fewer have seen one. The applicant 
claims that the question is not a practical 
one. This particular question may have 
been asked in the course of long list of 
questions that were asked in an almost 
vain effort on the part of the examiner to 
find some question that the man could 
answer. 

As a rule, men who get first-class 
licenses get very brief examinations, be- 
cause their answer to the first question 
shows them to be first-class men and 
masters of the subject of steam engineer- 
ing, while the man who does not know for 
a certainty whether steam is a vapor or a 
gas, and is not sure whether it is safe to 
try to change the speed of a Corliss 
engine by altering the length of the knock- 
off rods, usually has a long seance with 
the inquisitor. The man in charge of a 
swill-boiling outfit, where ten-pounds 
pressure was the limit, and who would not 
allow the pressure to run to fifty pounds, 
“because it would blow the swill all to 
hell,” would probably insist upon a pre- 
cise definition of the word “practical,” and 
also demand that the examination be of 
that order. 
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Be an’ Engineer 





A correspondent, writing of interfe: 
ence by the owner of a steam plant i: 
matters of detail, asks for an expressi: 
of opinion. The question hinges on t! 
point: Is the man employed as an en; 
neer, or as an oiler? The folly of a m 
who keeps a dog and does his own bar 
ing is frequently commented upon. If a 
man employs an expert in any prof 
sional line, he does it because he feels tie 
need of knowledge that he does rot 
possess. This remark applies to the en; i- 
neer. If he is employed because he knows 
how to handle engines and boilers, he 
should be unhampered. If employed for 
doing the routine work of stopping and 
starting, for shoveling coal into the fur- 
nace and ashes out, he must expect to be 
directed even to matters of detail. It is 
up to the man himself to say whether he 
is engineer or oiler. 

The road to success is not as yet 
macadamized. It is narrow, rough and 
crooked, full of rocks and quicksand, and 
the engineer who travels this road must 
possess tact, courage and mechanical abil- 
ity. Different conditions obtain in every 
plant, and as the engineer’s work is 
largely solitary, he must decide many 
questions in the operation of his plant, 
alone and unaided, instantly and cor- 
rectly. A physician may cover his mis- 
takes with dirt, but not so the engineer. 
His errors become a part of his life and 
the history of his failure. 





Newspaper Engineering 





Newspaper engineering, like newspaper 
science, would be a serious menace if it 
were more influential than it is. Fortu- 
nately the number of interested persons 
who give any credence to utterances by 
daily newspapers on technical subjects is 
relatively very small. There is, however, 
a small percentage who still classify their 
favorite dailies with the Bible, and many 
of these people have probably paid dearly 
for their confidence. 

One of the latest examples of mis- 
guided and misleading newspaper state- 
ments appeared in a recent number of 3 
Canadian daily as follows: “* * * pro- 
ducer-gas power can be developed almost 
anywhere in Ontario at twenty dollars 
per horse-power per year, taking a 100- 
horse-power engine as a unit and running 
it at almost full load ten hours a day for 
three hundred days a year.” This, we 
are further informed, “includes everything 
—fixed charges, labor, oil, water and 
fuel.” The writer apparently meant to be 
fair, for he explained in detail how the 
annual rate was computed. Putting the 
cost of the plant between six and seven 
thousand dollars, he estimated the interest, 
repairs and depreciation at seven hundred 
and fifty dollars a year; taking his mi.i- 
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sum cost figure, the fixed charges and 
epairs allowance comes out at 12¥% per 
ent., so that after deducting interest on 
‘he investment there remains 6% per cent. 

r repairs and -depreciation! On the 
score of attendance he states that the 
labor expense will be only three hundred 
dollars a year, because only one-half of a 
man’s time will be required. “It does 
not take a skilled engineer to operate a 
producer plant,” this newspaper solon ex- 
plains, “but a man must use intelligence 
and quite often patience!” 

It is exactly this class of information 
that has caused by far the largest number 
of “set-backs” that the gas-power iitdustry 
has suffered, that has caused or encour- 
aged the investment of hard-earned sav- 
ings in schemes of dubious merit, that has 
educated thinking readers to look askance 
at any statement made by the daily press. 





Gas Engine Research 





Last week we remarked on the need of 
gas-engine investigation in this country. 
Since the issue of last week went to press 
we have received from the Institution of 
Mechanical Engineers, of Great Britain, 
a copy of the third report made by Prof. 
F. W. Burstall to the gas-engine research 
committee of that institution... This re- 
port gives a detailed account of.a series 
of tests made at the University of Bir- 
mingham on a gas engine of special .de- 
sign, with a view to determining the rela- 
tion between compression and efficiency, 
taking into account the quality of the fuel 
used. A large number of tests were 
carried out with a refreshing degree of 
thoroughness and elaborateness, and this 
is the third of a series of gas-engine in- 
vestigations. This sort of thing,- which 
is not at all unusual in England and Ger- 
many, tends to make an American en- 
gincer wonder if our much vaunted “pro- 
gressiveness” is real, abstract progres- 
siveness, or merely enterprising com- 
mercialism. 





Oil as Fuel 





A young engineer visiting the Colum- 
bian Exposition at Chicago, in 1893, was 
much interested in the oil-burning outfit 
in the boiler plant. Except for the roar 
of the burner it was to him an ideal way 
of making steam, and for years he’ was-a 
most enthusiastic advocate of liquid fuel. 
The conditions obtainable seemed to him 
to be ideal. No smoke, no ashes, no 
clinkers; perfect control of the steam 
Pressure with a minimum of attention. 
The question .of economy did not appeal 
very strongly,.as. he naturally supposed 
that it was cheaper to pump a ton of oil 
out of the ground than it was to dig a 
ton of coal out of the same ground, and 


1, 


ie could not understand why steam users 
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did not burn oil. Years afterward he did 
a great deal of traveling, and whenever 
he found a town with an oil refinery in it 
he visited the refinery; and his surprise 
grew as he saw that in refinery after re- 
finery coal was the only fuel used. 

The question that he continuously asked 
himself was: Why do not the owners of 
crude oil burn oil under their boilers? 
They could get oil cheaper than anyone 
else. And in his hasty and callow judg- 
ment he charged the refiners with not 
being up to date. It slowly dawned upon 
him, however, that if the Standard Oil 
Company could not afford to burn oil 
nobody else could. Later, he had some 
personal experience in the use of liquid 
fuel. It developed in a general way, when 
the pounds of water evaporated were 
divided by the pounds of fuel burned, 
that the best oil had a fuel value of about 
two cents a gallon, when coal was worth 
four dollars a ton. That fact told him 
very plainly why the oil refiners always 
burned coal. 





Getting Together 





A sawmill engineer wants to see soime- 
thing in the correspondence columns about 
burning sawdust, shavings and other mill 
refuse. He says that there is matter 
“a-plenty” about burning coal and ashes, 
but nothing about sawdust. This is the 
sawmill engineer’s own fault. Power num- 
bers among its readers thousands of 
bright, alert engineers who are ready to 
‘take part in the discussion of any new 
idea or a new phase of an old idea, and 
if those of any particular class of engi- 
neers do not see articles that apply di- 
rectly to their work, it is because they do 
not write about their work. Clear, con- 
cise statements of certain practices in one 
branch of industry are sure to bring com- 
ment of variations of that practice in 
other branches of the same industry, and 
comment soon develops into discussion. 
Every man is a part of all the men he has 
met, and the good that men get from 
meeting other men, even though only in 
the columns of a trade paper, can never 
be thoroughly appreciated. Smaller things 
than a chance paragraph in a paper have 
determined the career of more than one 
man. “Reading maketh the full man and 
writing maketh the finished man” is as 
trne today as it was when it was writ- 
ten, two hundred and fifty years ago, at 
which time few men could either read or 
write. 

The engineer’s daily task in a measure 
shuts him out from association and con- 
tact with his fellowmen and he can only 
meet them in clubs, associations and in 
the columns of his trade paper. It is in 
the paper that they speak to him on the 
subject that should interest him more 
than any other one thing—the means by 
which he gets his living. If he considers 
that it is necessary for him to live, he 
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should want the best living he can get, 
and the way to get good living at his trade 
is to be a master of that trade. He can 
learn from reading what others have 
written, but he can learn vastly more by 
writing himself. No one ever tried to 
explain anything to another without learn- 
ing something new of what he was try- 
ing to make clear. 





The Alaska-Yukon-Pacific 


Exposition 





Notwithstanding the dismal outcome of 
the Jamestown attempt to celebrate, the 
people of the Northwest are going blithely 
forward with their preparation for the 
Alaska-Yukon-Pacific Exposition, which 
will be held at Seattle between June 1 
and October 15 of next year. The man- 
agement naively announces that the slogan 
cf the organization is: “Complete on the 
Opening Day.” The exposition will be 
unique in the history of expositions if 
Western push and energy shall be able 
to even approximately accomplish this 
condition. 

There is another feature in which this 
exposition will differ from its predeces- 
sors, and that is that it will not ask anv 
appropriation from the Government for 
assistance in carrying on the work, either 
in the form. of a donation or a loan. This 
attitude is commendable whether it be 
dictated by the obvious futility of such 
a request in the face of the recent ex- 
perience of the Government, or by the 
independent and self-reliant spirit of the 
Northwest. 

Since the United States began to pa- 
tronize expositions the Government has 
appropriated nearly $29,000,000 for world’s 
fairs. While it will not be asked to assist 
the Seattle exposition financially, it will be 
an extensive exhibitor, and an appropria- 
tion of $1,175,000 has been made for this 
purpose. This will cover the cost of five 
buildings, one devoted to fisheries, one 
each to Alaska, Hawaii, and the Philip- 
pines, and one, costing $200,000, to a gen- 
eral exhibit. The exhibit for the latter 
building will cost $350,000, that of Alaska 
$200,000, and that of the insular ;osses- 
sions $75,000 each. 

Preparations for the exposition have 
been going on in a quiet but systematic 
way. Ground was formally broken on 
June 1, and since that time most of the 
grading and clearing has been finished, 
all of the principal roadways, avenues, 
circles and plazas have been completed. 
The administration building has been 
erected and occupied by the executive 
board for several months and the contract 
has been let for the five principal buildings 
and several smaller ones. The manufac- 
tures building is well under way, will be 
145x145 feet. and will cost $80,000. The 
agricultural building, the auditorium, the 
fine arts building and machinery hall have 
been started. 
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Inquiries 
Questions are not answered unless they are 


of general interest and are accompanied by 
the name and address of the inquirer. 








What Causes Boiler Tubes to Spring? 

What causes the tubes in the bottom 
row in a Heine boiler to spring upward at 
times? If caused by overheating, why 
do they not spring downward instead of 
upward? 

a: A 

The tubes in the Heine boiler some- 
times spring upward from overheating, 
because the top, on account of the con- 
tact of the fire-brick baffles, gets hotter 
than the under side. 


Effect of Receiver Pressure on Cylinder 
Lubrication 


How low a steam pressure can be car- 
ried in the receiver of a cross-compound 
engine and yet have pressure enough to 
lubricate the low-pressure cylinder, the 
cylinder-oil being pumped into the steam 
pipe from the receiver to the cylinder? 
Why is it that it will not be lubricated 
with a vacuum in the receiver? 

7. Zs 


We do not know why the pressure in 
the receiver should have any effect upon 
the lubricating of the low-pressure cylin- 
der, providing the lubricator is properly 
arranged and there is steam enough there 
to keep the condenser pipe of the lubri- 
cator full of water. 


Power for a Motor-driven Fan at Low 
Speed , 

If an electric motor driving a fan is cut 
down to half speed by means of resistance 
in the armature circuit, what proportion 
of the full-load power will be taken from 
the line? 

J. A. D. 

At half speed the power required by 
the fan is about one-seventh of the full- 
speed power. The motor itself, therefore, 
will be doing work at about that propor- 
tion of its full-speed rate. But at half 
speed the dead resistance absorbs prac- 
tically as much power as the motor, so 
that the power taken from the line by the 
motor and the resistance together will be 
about two-sevenths, or 0.2857, times the 
full-load power taken with the resistance 
cut out. 


Power Required for Compressing Air 


How much air can be compressed per 
minute to 725 pounds gage pressure in a 
compressor driven by a 3-horse-power 
engine? 

Assuming the initial pressure in the 
cylinder to be 2090 pounds per square foot, 
the compression of one cubic foot of 


free air per minute to 239.7 pounds per 


square inch or 34,516.3 pounds per square 
foot, absolute, will absorb 0.2743 horse- 
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power. With an overall efficiency of 80 
per cent., this would mean 


0.2743 _ 
0.8 343 


indicated horse-power to be developed by 
the steam end. Three indicated horse- 
power therefore, under these conditions, 
will compress 


3 
0.343 


cubic feet of free air per minute. 


== 8.746 


Vacuum Required to Produce Flow in a 
Driven Well 


Would a tight well casing 6 inches in 
diameter and ,100 feet deep, tightly capped 
and the suction pipe directly attached to 
the casing, work all right, the water being 
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DRAWING WATER FROM A DRIVEN WELL 


within 15 feet of the surface? How does 
the air act on the underground seepage 
to force it up when a vacuum is produced 
in the casing? Is it as efficient as allow- 
ing the suction to dip into the well? 
E. V. G. 

To cap the 6-inch casing, as you sug- 
gest, is all right. The ground is not air- 
tight and the water will flow to the pump 
in a quantity depending on the “lift.” You 
say the water rises to within 15 feet of 
the surface. To bring it to the surface 
will require about 14 inches of vacuum 
without any flow. To produce a flow a 
higher vacuum will be needed. We would 
suggest attaching vacuum gage to the suc- 
tion pipe and the measurement of the 
water pumped until the capacity of the 
well is determined. The method you sug- 
gest is slightly more efficient than drop- 
ping a smaller pipe into the water inside 
the larger one, as there will be less fric- 
tion between water and pipe than in a 
smaller size than 6-inch. 
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Book Reviews 





STANDARD HANDBOOK FOR ELECTRICAL 


ENGINEERS. Published by McGraw 
Publishing Company, New York. 
Flexible leather; 1283 pages, 4x7 


inches; illustrated. Price, $4. 

At first glance one might gain the im- 
pression that this excellent production is 
a rival of the well-known Foster reference 
book, but closer examination reveals such 
a difference in the treatment of most sub- 
jects as to dispel that impression; the one 
book is as necessary as the other to an 
electrical engineer. The scope of the 
present book is enormous, and the method 
of treatment is, in most cases, satisfying. 
The contents cover Units, Circuits, Meas- 
urements, Materials, Magnets, Transform- 
ers, Generators, Motors, Batteries, Cen- 
tral Stations, Transmission and Distribu- 
tion, Illumination, Traction, Electrochem- 
istry, Telephony, Telegraphy, Wiring, 
Standardization, Engineering Tables and 
Statistics, and Miscellaneous Applications. 
Parts of the book are marred in both ap- 
pearance and usefulness by small and 
poorly executed engravings; this is espe- 
cially true of the sections on Measurements 
and Circuits. The sections on the differ- 
ent kinds of electrical machinery and ap- 
paratus are particularly good, but that on 
Electric Generators would have been im- 
proved by explaining how Figs. 26, 27, 38, 
41 and 43 were plotted, and by avoiding 
the discussion of armature - winding 
pitches. The exposition of transformer 
principles is clear-cut and well-planned. 
That of batteries is also excellent, espe- 
cially that part relating to secondary bat- 
teries. The section on Central Stations 
is unusual and fairly well handled; there 
are several injudicious statements, but 
none seriously misleading. The scope of 
the book precludes anything like an ex- 
haustive review, but it is easily worth its 
price to any engineer and highly valuable 
to a practising electrical engineer. 





Books Received 





“Water Supply.” By Frederick E. Tur- 
neaure. American School of Correspond- 
ence, Chicago, Ill. Cloth; 143 pages, 6% 
x9% inches; 42 illustrations; indexed. 
Price, $1. 

“Specifications and Contracts.” By J. 
A. L. Waddell and John C. Wait. The 
Engineering News Publishing Company, 
New York. Cloth; “169 pages, 6x0’ 
inches; indexed. Price, $1. 

“Valve Gears and Indicators.” By 
Walter S. Leland and Carl S. Dow. 
American School of Correspondence, 
Chicago, Ill. Cloth; 150 pages, 614x902 
inches; 105 illustrations; indexed. Price 


$1, 
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Power Plant Machinery and Appliances 


Descriptions of 
No Manufacturers’ 


Cuts or 


Power 
Write-ups 





Devices 


Used 





MUST BE NEW OR . INTERESTING 


Schmidt Silent Drive Chain 





The Schmidt chain is composed of mul- 
tiple-toothed links stamped from _high- 
carbon steel, case-hardened steel pins and 
pin-retaining links. The tooth of the 
link being centrally placed. between the 
pins insures the stress following a straight 
path. Consequently, the links are subject 
to tensile stress only and will not bend or 
change pitch under excess, or suddenly 
applied, load. This makes possible the use 
of a lighter chain for a given load than 
would otherwise be required. The faces 
under the pius are of a sufficient angle 
to clear the corners of the wheel teeth 
and adapt the chain for any size of wheel. 

The outer end of the pin orifice in the 
link has the same radius as the pin. The 
links therefore have arc bearings on the 
pins, giving a large bearing surface and 
doing away with excessive wear in a new 
chain. The pins are not riveted, but are 
retained by means of links, with special 
edges, called retaining links. These are 
thinner than the driving links and one end 
has a keyhole-shaped opening which slips 
over the pin and into the groove in the 
end. These retaining links are offset and 
overlap, locking each other, as well as the 
pins, into place. 

Fig. 2 illustrates the tooth contact for 
both a new chain and one which has 


stretched one-half inch per foot. 
latter case the chain simply rides out on 
the ends of the teeth and automatically 
This enables 


forms a larger pitch circle. 


these chains to be run a long time after 
they have begun to stretch. 

The wheels on which these chains run 
have symmetrically cut teeth, the num- 





Coupling Point 


FIG. 2. 

















FIG. I, TWO VIEWS OF SECTIONS OF THE SCHMIDT DRIVE CHAIN 
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ber being limited only by the capacity of 
the cutting machine. Large speed ratios 
are consequently possible, 20 to 1 being 
well within the limit. A drive may be 
reversed and the chains need not be 
placed on the wheels in any explicit man- 
ner. These chains are manufactured by 
the Schmidt Drive Chain Company, 265 
Broadway, New York City. 





The ‘‘ Everlasting ” Blow-off 
Valve 


This valve is constructed on an entirely 
new principle, is extremely simple, and 
is especially designed for blow-off service. 
It is composed of a top and bottom bon- 
net, and a disk operated by a lever placed! 
over the square projecting head. A high. 
pressure gasket is placed between the two- 
bonnets, which are bolted together with: 
tap-bolts, making a tight joint. The oper- 
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ating post is held tight against a ground 
joint by a set-screw and jam-nut, thus 
eliminating a stuffing-box. It is claimed 
that the ground. joint will remain tight 
as long as the valve lasts, as it is self- 
grinding to a true seat at each operation. 
The illustration shows the working 
parts of the valve. In case of wear of the 
disk or face of the seat, either can be 
readily removed or “draw-filed,” thus 
making the valve practically new. 
Another feature worth noting is that 
the inlet orifice is tapered just above the 
seat, which increases the velocity of the 
escaping water and insures its delivery to 
the discharge pipe without wearing the 
valve seat, as would otherwise occur ; there 
is also little possibility of the valve clog- 


ging when discharging. It is manufactured . 


by the Patterson-Allen Engineering Com- 
pany, U. S. Express building, New York. 





Atkinson Suction Gas Producer 





The accompanying engravings illustrate 
the construction of the Atkinson suction 
gas producer manufactured by the Indus- 
trial Power Company, Milwaukee, Wis. 
Fig. 1 is a vertical section of the generator 
and pre-heater. The generator is of the 
simple cylindrical type with an annular 





























PLAN AND SECTIONAL VIEW OF EVERLASTING 
BLOW-OFF VALVE 


vaporizing trough surrounding the lower 
extremity of the fuel-retaining cone. The 
pre-heater, shown on the right, is of the 
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ribbed tubular type; it heats the air taken 
in under the grate, as usual. The grate is 
mounted on a pedestal which is adapted to 
move up and down in a vertical guide. 
Beneath the foot of the pedestal is an ec- 
centric cam, fixed on an arbor that ex- 
tends through the shell; on the outer end 
of this arbor is mounted a lever (see. Fig. 
3) by means of which the eccentric may 
be oscillated, lowering and raising the 
grate pedestal and thereby shaking out the 
ash and clinker. When the fuel bed is to 
be poked down, the grate is raised to its 
uppermost position in order to prevent the 
loss of burning coal. 

Water is delivered to the annular va- 
porizing trough around the fuel bed 
through an automatic regulator, shown in 
section by Fig. 2. The water is main- 
tained at constant level in the cup A by 
means of the overflow pipe B. The cup 
communicates through the channel C with 
a nozzle D, the mouth of which is located 
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lower part of the diaphragm chamber J. 
The connection H leads from the upper 
side of the diaphragm to the interior of 






































FIG, 2. WATER REGULATOR 









































FIG. I. SECTION OF ATKINSON GENERATOR AND PRE-HEATER 


above the water level in the cup. The the scrubber, as shown in Fig. 3, so that 
nozzle is surrounded by a glass cylinder 
E, which is connected, air-tight, with the 











the suction of the engine affects the dia- 
phragm. With each suction impulse the dia- 
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shragm is lifted, forming a partial vacuum 
beneath it, and this causes water to be 
forced out of the nozzle D by the atmos- 
pheric pressure in the cup A. From the 
nozzle the water passes by gravity through 
the channel F to the delivery pipe G, which 
leads it to the vaporizing trough in the 
base of the generator. The pipe G ‘is 
sealed with a trap, so that the partial 
acuum in the ash-pit does not oppose the 
effect of the partial vacuum in the cyl- 
inder E; consequently, the amount of wa- 
ter delivered to the vaporizer varies in 
proportion to the suction of the engine. 





Electrical Exposition at Marseilles 





An international exhibition of the ap- 
plications of electricity will be opened on 
April 19 at Marseilles and continued un- 
til October 3. Marseilles, and in fact the 
entire southeastern district of France, has 
profited by an extensive development of 
the natural water resources of the 
country, resulting in a cheap and abun- 
dant supply of electricity. Since the 
special purpose assigned for this exhi- 
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turers will be allowed to exhibit plans, 
photographs and models of machinery 
built by them and of generating stations 
executed under their contracts. The Ex- 
position will be held in the Rond Point 
du Prado, a park of 60 acres put at the 


“disposal of the committee by the city. It 


has a grand palace and was in 1906 the 
site of the French Colonial exhibition. 
Information may be obtained by ad- 
dressing the Commissariat Général de 
Exposition Internationale des Applica- 
tions de |’Electricité, Boulevard Louis- 
Salvator, 52, Marseilles, France. 





Stevens Alumni Dinner 





The seventh annual dinner of the alumni 
of Stevens Institute was held at the Hotel 
Astor, New York, Tuesday evening, Feb- 
ruary 4. About 250 Stevens men and 
their friends were present, and besides en- 
joying the usual features of a college din- 
ner and reunion, they heard some notable 
addresses, among the speakers being 
President Alexander C. Humphreys; Dr. 
H. S. Pritchett, president of the Carnegie 
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bition is the demonstration of the appli- 
cations of electricity, it does not include 
a section for its generation, but manufac- 





ATKINSON GENERATOR, PRE-HEATER AND SCRUBBER 


Foundation for the Advancement of 
Teaching; Robert P. Porter, formerly 
chief of the Census Bureau, and now the 
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American representative of The Times, 
of London; James E. Sague, of the New 
York Public Service Commission, and Col. 
George Harvey. , 





Annual Dinner of the A. I. E. E. 





The annual dinner of the American 
Institute of Electrical Engineers will be 
held at the Waldorf-Astoria, Thirty- 
fourth street and Fifth avenue, New York 
City, on the evening of Wednesday, Feb- 
ruary 19, at 7 o'clock. Carrying out the 
idea established upon former occasions, 
the feature of the dinner will be the 
tribute rendered by the speakers to the 
relation of the electrical engineer with 
public service corporations. The occasion 
will be designated as the “Public Service 
Dinner,” and among the speakers who 
have promised responses to toasts are 
many men prominently identified with 
public service utilities, either as members 
of commissions or operating heads of 
large utilities organizations. As usual, 
ladies will be present. The dinner com- 
mittee is composed of Robert T. Lozier 
(chairman), A. A. Gray, Frederick C. 
Bates and George H. Guy. 





Personal 





J. W. Hare, formerly the Minneapolis 
representative of the Smith Gas Power 
Company, builder of the Smith producer, 
has joined the forces of the Industrial 
Power Company, of Milwaukee, builder 
of the Atkinson gas producer. 





Business Items 





The new gasolene engine plant of the Witte 
Iron Works, Kansas City, Mo., is equipped 
with two Northern traveling cranes, of 4 tons 
capacity, manufactured by the Northern En- 
gineering Works, Detroit, Mich. 


The San Francisco branch of the Bird- 
Archer Company, manufacturer of boiler 
compounds, has removed its offices to 112 
Market street. Harry Hill and Frank Evers 
are in charge of this branch and report a 
steadily increasing demand for this compound 
on the western coast. 


The Buckeye Boiler Skimmer Company, 
South End, Toledo, O., has received a letter 
from Sykes Brothers, manufacturers of car- 
pet yarns, Philadelphia, in which they say 
they have been using a Buckeye skimmer in 
their boiler for more than a year and it has 
given entire satisfaction in every way. 


The Northern Electrical Manufacturing 
Company, Madison, Wis., has removed its 
St. Paul office from 21 East Fifth street to 
516 Endicott building. TT. BE. Drohan Is in 
charge of the new office. His extensive ex- 
perience as superintendent of the Northern 
shops at Madison renders him especially 
fitted to help Northern customers in the ar- 
rangement of motor drives for use with ma- 
chines of all sorts. 
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The Hess-Bright Manufacturing Company 
has found it necessary to make a change to 
larger quarters and will shortly occupy a 
four-story building, with a floor space of 
15,000 square feet, exclusive of the basement, 
which is given up to a modern construction 
gas-producer power plant. Aside from the 
“D W F” ball-bearing division, this is the 
largest plant devoted exclusively to the man- 
ufacture of ball bearings of only one grade, 
that of the annular type. The new quarters 
will be occupied some time within the next 
six weeks. 


On February 1 Charles A. Schieren & 
Company became a corporation under the 
stye of the Charles A. Schieren Company, 
and the co-partnership property, assets and 
good will of the business were transferred to 
the new corporation. This step,. which had 
been in contemplation for some time, was 
necessitated by the large increase of the 
firm’s business. The members of the firm of 
Charles A. Schieren & Company have a con- 
trolling interest in the new corporation; and 
the corporation will continue the transaction 
of the business at the places heretofore con- 
ducted by the firm, namely: Ferry and Cliff 
streets, New York; 84 to 88 Franklin street, 
Chicago; 186 to 188 Lincoln street, Boston ; 
226 North Third street, Philadelphia; 240 
Third avenue, Pittsburg; 1622 Wazee street, 
Denver; Auf Dem Sande 1, Hamburg, Ger- 
many. 





New Equipment 


The municipal electric light plant of 
Guntersville, Ala., was wrecked by an ex- 
plosion. 


The Coquille (Ore.) River Electric Com- 
pany contemplates installing a 250-horse- 
power engine. 

George Pfanstie, Joplin, Mo., is said to be 
having plans prepared for a $125,000 ice and 
cold storage plant. 

The city council, Norway, Mich., is con- 
sidering the enlargement of the municipal 
electric light plant. 

The American Writing Paper Company, 
Holyoke, Mass., wil erect a power house to 
cost about $10,000. 

The City Council, Brainard, Minn., con- 
templates installing a new generator in the 
municipal electric tight plant. 

The Okmulgee (Okla.) Ice and Light 
Company is planning to install a 150-kilowatt 
direct-connected unit in its plant. 

The city of Beloit, Kan., will spend about 
$20,000 for water works and electric light 
plant. A. Simpson is city clerk. 


The municipal electric light plant of Hills- 
boro, Ore., will be improved by the installa- 
tion of a new and larger generator. 

The Chambersburg, Greencastle & Waynes- 
boro Street Railway Company will increase 


the equipment in the Waynesboro, Penn., 
plant. 





New Catalogs 





A. J. Griffiths & Son, 227 South Front 
street, Philadelphia, Penn. Circular. Royal 
boiler compound. Illustrated. 


Schutte & Koerting Company, Philadelphia, 
Penn. Circular 4-Q. Water-jet-primers. Il- 
lustrated, 4 pages, 8x11 inches. 


Flexible Steel Lacing Company, 71 West 
Jackson Boulevard, Chicago, II. 
Flexible steel lacing. 


Circular. 
Illustrated. 
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F. E. Keyes & Son, 20 Broad street, New 
York. Folder. Advance feed water purifier. 
Illustrated, 4 pages, 344x8 inches. 

The Standard Steel Works, Philadelphia, 
Penn. Catalog. Springs for railway and 
electric traction service. Illustrated, 36 
pages, 6x9 inches. 

Cutler-Hammer Clutch 
waukee, Wis. Booklet. 
and Recent Improvements in Them.” 
trated, 30 pages, 34x5 inches. 

Safety Equipment Manufacturing Com- 
pany, 1200 Fisher building, Chicago, Ill. Cat- 
alog. Gould safety continuous feed water 
regulator. Illustrated, 8 pages, 344x6 inches. 


Company, Mil- : 


Illus- 





Help Wanted 


Advertisements under this head are in- 
serted for 25 cents per line. About six 
words make a line. 

SALESMAN with an established trade in 
oil, grease or packing can learn of an ex- 
as raw profitable side line by addressing 
“Ra. Xe Zany’ POWER. 

SALESMAN for mechanical stokers; ex- 
cellent opportunity in New York city terri- 
tory for a salesman for a very well known 
and highly successful mechanical stoker; ap- 
plicant need not necessarily be an engineer, 
but must understand power plants and be 
thoroughly familiar with modern steam boiler 
equipments; only a man of marked capacity 
in salesmanship will be accepted. Write stat- 
ing age and past experience fully and ap- 
~ ntment will be given. Address “G. P. H.,” 
OWER. 


Situations Wanted 


Advertisements under this head are in- 
serted for 25 cents per line. About six 
words make a line. 

POSITION by mechanical engineer and 
draftsman experienced in plant work and 
furnace design. Box 27, Powrr. 

CHIEF ENGINEER, accustomed to the 
operation of large industrial, electrical, power 
plants, and capable of producing results, 
would like to connect with a concern which 
desjres a first-class man. Box 170, Power. 


ENGINEER OR MACHINIST have St. 
Louis license and best of references, experi- 
enced at erecting and running engines, also 
electric machinery and modern appliances; 
practical and technical experience; not afraid 
of work; would like to prove myself a valu- 
able man around any plant. W. H., 3116 
Neosho street, St. Louis, Mo. 

POSITION WANTED—Am assistant mast- 
er mechanic 3000-horse-power plant, have di- 
rect charge boilers, engines, air compressors, 
pumps, electrical and rope’ transmission, 
millwrights and steamfitters; can handle men 
and plant economically ; will make change if 
pay is right; all letters answered. “R. C. 

.”’ 509 Crane ave., Detroit, Mich. 

WANTED—Position as chief engineer; 
have had over sixteen years’ experience both 
marine and stationary, electric lighting and 
power refrigerating; eight years’ experience 
as chief engineer; hold American and Brit- 
ish first-class marine certificates and first- 
class Massachusetts stationary engineer's li- 
cence; will go anywhere in northern part of 
United States or Canada; am a machinist by 


trade. Box 28, PoweEr. 
For Sale 
Advertisements under this head are in- 


serted for 25 cents per line. 
words make a line. 

150 HORSE POWER tandem compound 
Corliss engine; in good order; 16 ft. fly 
wheel. F. W. Iredell, 11 Broadway, New York. 

FOR SALE—L. H. Frick automatic engine, 
14x24 cylinder, fly wheel 8 ft. diameter, face 
18 inch; A-1 condition. The Adam Kroehle’s 
Sons Co., Cleveland, O. 
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Setting the Valve-gear of Air Compressors 


Importance of Piston Clearance; How to Determine Relative Posi- 
tions of Crank-pin and Eccentric; Setting Blowing-engine Valves 





B Y C 


In an air compressor, as well as in a 
steam engine, clearance between the piston 
and cylinder-heads has to be allowed, for 
mechanical reasons, when the piston 
reaches the end of its stroke. This clear- 
ance space is augmented by the cubical 
contents of the suction and discharge 
ports, the pockets for piston-rod nuts, etc. 
The clearance volume should be made as 
small as possible for the following rea- 
sons : 

(a) To diminish the friction loss due 
to compressing and re-expanding of the 
air confined in the clearance space at the 
end of the stroke. 


LAUDE 


of the air compressor and, on account of 
the work unavoidably expended in friction 
during the compression and re-expansion 
of the air, it is desirable to make the 
clearance volume as small as possible. 
(b’) The suction air valve must not 
be opened before the compressed air in 
the clearance space has been re-expanded:; 
if it is opened before the pressure has been 
reduced by such expansion to that of the 
air supply, compressed air will rush out 
through the suction ports and the energy 
stored up in this air be lost. The larger 
the clearance the later the suction valve 
should be opened for the admission of 
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clearance, as compared with one having 
5 per cent, clearance. 

The cylinder volume being proportional 
to the stroke, the clearance volume may 
be expressed in inches of stroke; thus, 
1% per cent. clearance equals 0.015 X 36 
== 0.54 inch of stroke. The air confined 
in the clearance space expands very nearly 
adiabatically; that is, not losing any heat 
to its surrounding walls or receiving any 
from them, especially if the heads of the 
air cylinder are not cooled. The formula 
for adiabatic expansion of air is: 

PV 1.41 = Constant, 
where 

















FIG. 7. 


(b) To attain as high volumetric effi- 
ciency as possible. 

(c) To avoid the slow opening of suc- 
tion valves, which increases the suction 
loss. 

Using the same lettering to distinguish 
the various sections, an explanation of 
these points may be made as follows: 

(a) The energy contained in the air 
confined in the clearance space ought not 
to be lost; this air should be re-expanded 
On the return movement of the piston, 
thus giving back most of the work re- 
quired for its compression. Part of this 
work, however, will be lost in the friction 


AIR CYLINDER WITH MECHANICAL DISCHARGE VALVE 


fresh air; conséquently, the smaller will 
be the quantity of fresh air taken in, and 
the capacity of the compressor is corre- 
spondingly reduced. The volumetric effi- 
ciency of a compressor is the ratio of the 
volume of air in cubic feet taken in 
through the suction valves to the dis- 
placement of the piston in cubic feet, pro- 
vided the valves are tight. 

To show the influence of an increase 
in clearance on the volumetric efficiency 
of an air compressor, let us assume a 
22x36-inch air compressor taking air in 
at atmospheric pressure, discharging it at 
30 pounds gage and having 1% per cent. 


P =pressure per square inch, 
and 
V = volume in cubic feet. 


The part of the stroke required for 
the re-expansion of air from 44.7 to 14.7 
pounds absolute is 


(42) _ 
14.7 1.41 

The volumetric efficiency, as far as 
clearance is concerned, is therefore 


X 0.54 = 0.648. 


eae = 0.982; 


or the capacity of the air compressor is 
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100 — 98.2 1.8 per cent. less than the 
piston displacement. 
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DETERMINING RELATIVE POSITIONS OF 
CRANK-PIN AND ECCENTRIC 
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By calculation the crank angle cor: 
sponding to a piston movement of 0.6.8 

























As the percentage of decrease in capa- ; ie .. ‘mach is¢ , 
Rag ngge* . : ' The relative positions of the crank-pin ¢ 
city is directly proportional to the per ; : : : 
‘ and eccentric may be determined graphi- For head end (See Fig. 1), z 
centage of clearance, with 5 per cent. 1 ies cela 
: : or ; 
clearance the capacity will be decreased — DY a R? +. B?— 12 Fie 3 
Assuming the same conditions as stated, Cos. y= TRE wh ae 
5x 1.8 ce i r re-ex- 
5 = 6 per cent. the part of the stroke required fo 0.048 (216 0.648) a, 
1.5 pansion from 44.7 pounds absolute to 14.7 = 1——55- (ins — 0.648 + 18) ~~ 9-900 : 
‘ P . , ; 

(c’) Another and very important rea- pounds absolute is 0.648 inch. Graphi- an Sh digeien 25 nelle. t 
son for desiring small clearances in air cally, proceed as follows: In Figs. 1 and 2 t 
compressors having positively operated draw the crank-pin circle, R = 18 inches, For crank end (See Fig. 2), € 
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suction valves is that the opening of the and find the ends of stroke of compressor, 
suction valve becomes the slower in rela- 2K = 36 inches, by laying off the length , 
tion to the speed of the piston the later it of the connecting-rod, L = 108 inches, , 
opens, or in other words, the larger the from the extreme crank-pin positions; 
° ° —_ —-— - 4 3 ay 
clearance. then measure the points X =0.648 inch Cos. y = - ae _ we <—— ay 
. . — “ 2A (L—AK <i) 
If the suction valve begins to open when from each end of the stroke, giving sie 
. : : : ae , : 0.648 (216 + 0.648 = 
the piston moves at a comparatively high the piston positions at which the suction = et Oe). 2.00008 


speed, the air has to assume a _ high 
velocity in order to follow the piston. Asa 
consequence, the pressure in the air cylin- 
der will be considerably lower than that of 
the outside air and the work the compres- 
sor has to do is uselessly increased. 





valve should open. With L as a radius 
and the points X from the ends of the 
stroke as centers, determine the points of 
intersection with the crank-pin circle. This 
gives the positions of the crank-pin at 
which the inlet valve should open. 





~~ ~"36 (108 — 18 + 0.648) 


= 16 degrees 52 minutes. 


The suction valve on the crank end 
should, therefore, open ..hen the crank has 
moved 16 degrees 52 minutes past the dead 


center and, of course, it should close just 
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when the crank reaches the inner dead 
center, so that the suction valve opens and 
closes while the crank travels through an 
angle of 

i80 degrees — 16 degrees 52 minutes. 


[he eccentric moves through the same 
angie as the crank, and its opening motion 
must be equal to its closing motion; it has, 
therefore, an equal amount of motion on 
each side of the horizontal center line dur- 


aT 
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byt it is sufficient to decrease the lap of 
the suction valve at the head end, so that 
the valve opens at the proper time. It will 
close, then, a trifle after the crank has 
passed the dead center, in this case about 
2 degrees 35 minutes late (See Fig. 3). 
The reason for this may be seen from the 
fact that the inlet valve at the head end 
opens after the crank has passed 14 de- 
grees I7 minutes beyond the dead center; 
the center of the eccentric will be 
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ing the suction period of the compressor. 
[he position of the eccentric, when open- 
Ing the suction valve, must be 

180 deg. — 16 deg. 52 min. 


9 = 81 deg. 34 min. 


from the inner dead center, the valve-gear 
being designed with the eccentric leading 
the crank, 

Due to the angularity of the connecting- 
Tod, the position of the eccentric for the 


Torward and return stroke would not be 
the same. 


A compromise may be made, 
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FIG. 5 


81 degrees 34 minutes + 14 degrees 17 
minutes =95 degrees-51 minutes 


from its dead center at the head end, or 5 
degrees 51 minutes beyond its mid travel. 
The inlet valve remains open until the 
eccentric reaches the corresponding posi- 
tion on its return stroke. Opening and 
closing must, therefore, take place while 
the eccentric travels through 


180 degrees — (2X 5 degrees 51 min- 
utes) = 168 degrees 18 minutes. 
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The crank moves through the same 
angle and the piston from the dead cen- 
ter at the head end is 


14 degrees 17 minutes + 168 degrees 18 
minutes = 182 degrees 35 minutes. 


The piston is, therefore, on its return 
stroke and has traveled a distance equal 
to the radius of the crank times 


1 — Cos, 2 degrees 35 minutes = 
R (1 — 0.999) = 0.018 inch, 
an insignificant amount. 


Referring to the valve-gear itself, the 
working edges of the valves and ports are 
shown by radial lines A, B and C, Fig. 4, 
on the ends of the valves and valve chests, 
at the side of the cylinder opposite the 
wrist-plate; for each port there is a mark 
on the cylinder coincident with the edge of 
the port which is toward the end of the 
cylinder barrel; and for each valve a mark 
on the back end of the valve coinciding 
with the edge of the valve which is toward 
the end of the cylinder barrel. 

Fig. 5 shows the wrist-plate central for 
adjusting the valve connections. A cen- 
tral mark on the back hub of the wrist- 
plate and three marks on the wrist-plate 
stand, which is bolted to the cylinder, 
show how the eccentric motion is to be 
adjusted so that the wrist-plate will travel 
correctly when in motion. The two outer 
marks indicate the extremes of travel, and 





the central mark of the wrist-plate, when 
in line with the single mark on the hub, 
shows that the wrist-plate is central. 


To Set THE SUCTION VALVE 


To set the suction valve as shown in 
Fig. 5, first place the mark on the wrist- 
plate hub even with the central mark on 
the wrist-plate stand; then adjust the 
valve connections to give the suction 
valves the lap shown on the drawing. The 
wrist-plate should now be connected to the 
eccentric by the rods and, being in its 





central position, the rods must be adjusted 
so that the eccentric also is in its center 
of motion. The eccentric can now be se- 
cured to the crank-shaft after the crank- 
pin is moved relatively to the center of ec- 
centric until the angle included between 
their respective centers is as determined 
by the calculation given; in the example, 
81 degrees 34 minutes, the eccentric lead- 
ing the crank in the direction of motion. 

After the valves have been set as accu- 
rately as possible when cold, and the 
movement of the forward and back 
strokes equalized, as explained, indicator 
diagrams should be taken and the eccen- 
tric-rod adjusted to correct any slight 
irregularities. 

For single-stage air compressors and in 
the high-pressure cylinders of two-stage 
air compressors the Allis-Chalmers Com- 
pany, of Milwaukee, uses as a standard 
the arrangement of valves shown in Fig. 
6. Rotary valves are used for the inlet 
and plain single-beat poppet valves for the 
discharge. The inlet valves are driven by 
an eccentric on the main shaft, and, by 
means of the wrist-plate, they are given 
the quick opening and closing, and the 
slow movement when the ports are cov- 
ered and the valves under pressure, which 
is characteristic of the Corliss valve-gear. 
The inlet ports are of ample size, short 
and direct, and the air is guided into the 
cylinder by an easy curve, thus reducing 
the entering friction and insuring the 
complete filling of the cylinder with as 
little loss in pressure and at as nearly the 
outside pressure as possible. 

The discharge valves are of the drawn- 
steel cup type and open automatically 
when the pressure in the cylinder equals 
the discharge pressure. 

A modification of the valve-gear shown 
by Fig. 6 is illustrated in Fig. 7. In this 
gear the inlet valves are operated the 
same as in Fig. 6, but the discharge valves 
are mechanically closed, being free to 
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main shaft. The movement of the plun- 
gers of the discharge valves is so timed 
as to positively bring the valves to their 
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ing engine. 
closed the plungers recede, leaving the 
valves held to their seats by the dis- 
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As soon as the valves are 
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seats just as the piston reaches the end 
of its stroke, thus avoiding any slip of 
air back by the valves and also°to avoid 
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charge air pressure until that point in the 
return stroke of the piston is reached 
where the pressure in the cylinder equals 
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FIG. 6. AIR CYLINDER WITH AUTOMATIC DISCHARGE 


open automatically, and positively closed 
by plungers operated by connections to a 
wrist-plate driven by an eccentric on the 


slamming when the piston commences to 
This design is also indicated by 
Fig. 9, showing the valve-gear of a blow- 


return. 


FIG. 8. AIR CYLINDER WITH MECHANICAL DISCHARGE VALVE 


the discharge pressure, when the valves 
are free to open automatically. In clos- 
ing, the air between the plunger and valve 
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forms a cushion which is so adjusted and 
gradually reduced that the valve is 
brought gently to its seat without noise 
or pounding. 

A third type of valve-gear is shown 
in Fig. 8. In this both the inlet and dis- 
charge valves are of the rotary pattern, 
positively operated by independent eccen- 
trics on the main shaft. The inlet valves 
are the same as described in the two pre- 
ceding types. The discharge valves are 
so proportioned and adjusted as to close 
positively just as the piston reaches the 
end of its stroke and to open at any pre- 
determined maximum discharge pressure 
required. In addition to the rotary dis- 
charge valves, the cylinder is fitted with 
auxiliary poppet valves of the steel-cup 
type, which serve as relief valves in case 
the eccentric should slip; or for allowing 
the air to be discharged from the cylin- 
der, should the pressure, for any cause, 
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plate being central, adjust the connections 
B and B’ until the inlet pins D D’ are . 
inches from the horizontal line, and adjust 
the valve-stems GG until each of the top 
inlet valves are lapped . . inches. Next 
turn the engine over, set the piston at the 
bottom of the stroke, the wrist-plate again 
being central, adjust the valve stems H H 
until each of the bottom inlet valves is 
lapped . . inches; then lock the valve 
stems securely. 

For setting the discharge valves, put 
the piston at the bottom of the stroke, the 
wrist-plate being central, adjust the con- 
nections A and A’ until C and C’ are each 

. inches from the horizontal line, and 
then adjust the valve-stems E E and FF 
until each of the valves touches its seat; 
then back off a quarter-turn and lock 
them. Then turn the engine over and set 
the piston at top of the stroke and see 
that the valves are in the same position 
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directions fer setting the valve-gear sup- 
plied with their machines. Without this, 
misunderstandings occur which sometimes 
cause serious trouble. 





Gas-engine Packing Materials 





To make an asbestos packing more pli- 
able and cause it to be pressed more thor- 
oughly into the packing grooves some 
gas-engine makers advise dipping into 
boiled linseed oil, or even water, before 
applying it to the cylinder. In many cases 
this improves the life of a packed joint, 
but the packing must not be soaked too 
long or the fibers of asbestos will separate, 
making the packing useless before it is 
applied. A coat of flake graphite on one 
side of the packing enables a cylinder- 
head or valve casing to be removed later 





























CROSS-COMPOUND TWO-STAGE AIR COMPRESSOR, SHOWING LOW-PRESSURE CYLINDER AND VALVE-GEAR 


fall below that at which the main dis- 
charge valves are set to open. 


How to Set BLOWING-ENGINE VALVES 


Having considered the procedure neces- 
sary for setting the air valves of compres- 
sors, together with some of the factors 
involved in their design, it will be of 
interest, in conclusion, to note the direc- 
tions to be followed in the case of a blow- 
ing engine, which, although very simple, 
is sometimes puzzling to operating engi- 
neers lacking exact information on the 
subject. 

Referring to Fig. 9, when the engine 
crank-pin is on either the top or bottom 
dead center, set the wrist-plate exactly 
central; that is, when the piston is at the 
top or bottom of the stroke, the pins M M’ 
should lie in a straight line between PC 
and PC’. 

For setting the inlet valves first put the 
Piston at the top of its stroke, the wrist- 





as when the piston was at the bottom. 

The amount of lap, etc., indicated by 
the spaces in these directions vary, of 
course, with each machine, and the figures 
can either be obtained from the builders, 
or may be worked out in accordance with 
the method described earlier in this 
article. 

In the various gears described the 
valves are placed in the cylinder-heads, 
thus reducing the clearance to the mini- 
mum; all of these valves are readily 
accessible and can be removed and re- 
placed without difficulty and without dis- 
turbing the adjustment. It may be said, 
also, that while the foregoing mentions 
only compressors and blowers for hand- 
ling air, it applies as well to machines de- 
signed for other gases, as far as the gen- 
eral principles involved are concerned. 
Special apparatus, however, requires spe- 
cial treatment and the builders should in 
all cases be required to furnish specific 





without destroying the packing in use; the 
side of the packing not covered with 
graphite adheres firmly to the cylinder, 
while the other side detaches itself easily 
from the head or valve casing. Special 
packing materials consisting of asbestos 
interwoven with wire may prove beneficial 
in certain cases where a plain packing 
cannot be made fo stand, but they will 
not serve as a cure of leakage troubles, 
primarily due to an uneven metal surface. 
To obtain satisfactory results from any 
packing, the first requisite is a true sur- 
face of the joint to be made tight. Rub- 
ber packings in a gas engine can be used 
only at the open end of a single-acting 
cylinder, where the temperature of the 
surrounding metal is low enough not to 
rapidly deteriorate this material. Under 
no circumstances should packings contain- 
ing rubber be used in joints in the cylin- 
der or valve casings at the combustion 
cid of the engine—The Iron Age. 
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Installation and Care of Electric Motors 


Practical Advice on the Installation, Maintenance and Repair 


of Motors, the Observance of which Should Eliminate Trouble 
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To a large extent the success of an 
electric-motor installation depends upon 
an intelligent conception of fundamental 
principles, good judgment in the selec- 
tion of a type for each specific purpose 
and a careful observance of modern prac- 
tice in installation and maintenance. Pre- 
vailing troubles are frequently laid to 
poor design or construction when in 
reality the fault rests with the operative, 
who fails to observe the significance of 


















































the manner in which the motor is 
working. 

Good construction work in the original 
installation is equally as important as 
proper care afterward and should be of 
the highest standard. In many cases the 


rapid depreciation of poor construction 


work entails within a few years an ex-- 


penditure for repairs and renewals nearly 
as great as the original investment. The 
following suggestions are based upon the 
best standard practice. 

As to the selection of motors for cranes, 
hoists and similar applications a direct- 
current series-wound motor generally 
should be used, in connection with regu 
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lating and reversing controllers. For the 
operation of machinery having a recipro- 
cating motion, a direct-current compound- 
wound motor is the most satisfactory. 
The characteristics of a compound-wound 
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FIG. 3 


motor are such that at the time of re- 
versal of a reciprocating machine, where 
the maximum power demand is reached, 
the torque increases with the load and 
the point of commutation is maintained 
practically stationary. 

For group driving, or the direct driving 
of machines which operate at a uniform 
speed, the induction motor, by reason of 
its extreme simplicity and the minimum 
amount of attention necessary, is in the 
majority of cases the most satisfactory. 
The direct-current shunt-wound motor is, 
however, equally well applicable. For 




















the operation of machine tools, such as 
lathes, boring mills and drills, the shunt- 
wound direct-current motor of the vari- 
able-speed type should be used. The 
starting resistance and the field-regulat- 
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ing resistance should always be con- 


trolled by one handle. 


LocATION AND INSULATION 


The location of the motor is the first 
step in its installation and one which, if 
properly taken, will avoid’ many future 
troubles. It should be located where it 
is not unduly subjected to dust, moisture 
and extremes in temperature. If the 
conditions are such that it is impossible 
to avoid dirt and moisture, an inclosed 
type of motor should be used. The motor 
should be carefully leveled and accurately 
lined up with the machine to which it is 
connected. If belt-drive is used, the 
shafts of the motor and the driven ma- 











AUTO-TRANSFORMER CONNECTED TO 
AN INDUCTION MOTOR 


FIG. 5. 


chine must be parallel and 
alinement. 

Motors of 550 volts and under should 
be insulated from the ground when this 
is feasible. The use of wooden-base 
frames is recommended, but if this is not 
practicable the flooring should be filled to 
prevent absorption. When sstatic elec 
tricity is prevalent, as often occurs with 
belt-drive, the motor frame should be 
thoroughly grounded through a high re- 
sistance, or a grounded metallic comb 
placed in close proximity to the belt. The 
motor leads should have 25 per cent. 
greater carrying capacity than the rated 
load of the motor, in amperes. 

The choice between circuit-breakers 
and fuses for the protection of motors 


in perfect 
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should be governed by the conditions the delay incident to the renewal of fuses non-absorbing material, such as slate or 

under which they operate and the load in is objectionable, circuit- breakers are marble, as shown in Fig. 1. The arrange- 

horse-power. In- general, motors above always to be preferred. ment of wiring shown will be found very 
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FIG. 7. METHOD OF STARTING SEVERAL INDUCTION MOTORS WITH ONE AUTO-TRANSFORMER 


serviceable and is recommended for 
motors mounted near the floor. A modi- 
fication of this arrangement can, of 
course, be made for a motor mounted in 
any position. 

It frequently occurs that it is desir- 
able to reverse the direction of a motor 
at times. This can be accomplished 
easily by means of a double-pole double- 
throw switch for series-, shunt- or com- 
pound-wound direct-current motors, as 
shown in Fig. 2. By changing the posi- 
tion of the switch from a to b the direc- 
tion of the current is changed in the 
armature which changes the direction of 
rotation. Where rapid reversals are 
necessary a reversing and regulating con- 
troller should be used. 

















Tue AUTO-STARTER 

So far, direct-current motors only have 
been treated of, but as the starting de- 
vices differ materially for induction 
motors it may be well to explain their 
details. In place of the familiar rheostat, 
an auto-starter is used. This consists 
essentially of two coils of insulated cop- 
per wire wound on laminated iron cores 
and having several taps connected to con- 
tacts, as shown theoretically in Fig. 3. 
A drum switch operated by a_ suitable 
handle cuts out successively the various 
loops of the coils until the motor is up 
horse-power should use circuit-break- The main switch, fuses or circuit- to speed. The coils act as an inductive 
and in cases where the motor is fre- breaker and starting rheostat should be resistance and serve the same purpose 
quently subjected to overloads and where mounted on a panel of non-conducting, as the ordinary resistance used with 
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FIG. 6. LARGE AUTO-STARTER CONNECTED TO AN INDUCTION MOTOR 
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direct-current motors. For motors up to 
about 50 horse-power the coils are gen- 
erally mounted in an iron case with the 
drum switch, forming a self-contained 
unit. For larger sizes the coils, or auto- 
transformers, are generally mounted sepa- 
rately from the drum switch or control- 
ler. Fig. 4 is a diagrammatic illustration 
of an auto-starter connected to a two- 
phase motor; Fig. 5 shows a self-con- 
tained auto-starter connected to an in- 
duction motor; and Fig. 6 shows a large- 
sized starter, with auto-transformers 
mounted separately. 

There are many cases where several 
motors operate continuously in one de- 
partment and may be all started from 
one auto-transformer, as shown in Fig. 
7. The motors are started, one at a time, 
by first throwing the double-pole double- 
throw switch, corresponding to the motor 
to be started, downward to the low-volt- 
age side, until the motor starts, then up- 
ward to the full-voltage connections. 
Each motor is started successively in the 
same manner. 





Lubrication of the Larger Sizes 
of Gas Engines 





By R. R. KeitH 





In the early days of gas engines, espe- 
cially the non-compressing types, lubrica- 
tion troubles put them entirely out of the 
commercial field; and the progress of the 
gas engine in this country and abroad 
was more or less retarded for a number 
of years on this account. When it is con- 
sidered that the gas engine is quite com- 
parable to an ordinary cannon, employing 
a piston for a cannon ball and compressed 
gas for gun powder, the matter of lubrica- 
tion appears in a rather important light. 
Adding to this the soot and tarry depos- 
its, and the intense heat, all tending to 
break down the lubricating films that 
are necessary to operation, it is surpris- 
ing that any ordinary form of lubricating 
device will serve the purpose even pas- 
sably well. 

For lubricating the bearings, any good 
quality of pure mineral oil that will read- 
ily free itself of dirt as it passes through 
the filters, allowing them to accomplish 
the work for which they were intended, 
will serve the purpose very well. For cyl- 
inder lubrication the choosing of the oil 
is of much more importance. The stock 
must be purely mineral, entirely free from 
any animal constituents or other ingredi- 
ents that will tend to form tarry deposits, 
and free also from the lighter distillates 
that will vaporize and leave objectionable 
carbon deposits. A heavy body is also 


necessary, for reasons which will be point- 
An oil that will meet these 


ed out later. 
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requirements is not generally obtainable, 
for the average oil man is neither ac- 
quainted with the requirements nor the 
processes of manufacture that will pro- 
duce the best oil for this work; and users 
are often led to believe that an ordinary 
kind of oil will answer, not realizing the 
results that will follow the use of inferior 
qualities. The gas engine, in fact, is very 
touchy when improperly oiled, for de- 
posits of carbon may cause back-firing and 
pre-ignition, to mention two of the most 
serious results ensuing from the use of 
the unsuitable oils. 

For the lubrication of the bearings 
around the engine, it will be found eco- 
nomical to arrange a continuous oiling 
system, piping the oil from a supply res- 
ervoir to the various points around the 
engine requiring lubrication. At these 
points some manner of sight-feed device 
is installed in the pipe line, or a number 
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ance cost of such an installation over one 
employing sight-feed oil cups, with little 
reservoirs attached independently, located 
about the engine. 


THe OriGINAL METHOD OF LUBRICATION 


The original method of lubricating the 
cylinder, and one now in use on small en- 
gines, was to put a sight-feed oil cup 
oh the cylinder, with a small oil tank at- 
tached; the lower end (screwing into the 
cylinder) being provided with a check- 
valve to prevent the pressure in the cylin- 
der from backing up in the sight-feed 
glass. With the exception of the com 
pression and expansion stroke, the oi! 
may fall into the piston regularly as of 
ten as a sufficient amount has collected 
to form a drop. In fact, it usually goes 
in during the suction stroke. The drop 
of oil taken in in this way will sometimes 
be picked up by the whirlwind of gases 





LUBRICATOR EQUIPMENT OF A LARGE TANDEM GAS ENGINE 


of these devices, arranged side by side, 
are placed at some convenient point and 
pipes led from there to the bearings. The 
ordinary sight-feed oil cup is not an eco- 
nomical thing to use, requiring as it does 
a large amount of labor-expense to fill it 
and watch its behavior. It is much more 
economical, considered from any stand- 
point that you may please to take, to 
provide an adequate filtering system and 
reservoir, and run a stream of oil upon 
the principal bearings, allowing the oil 
that passes through to return to the filter. 
The reduction in bearing wear and the 
safety in operation of, such a system 
amply rewards the expense of the original 
investment in oil filters, piping and other 
parts, not to mention the reduced attend- 


in the cylinder and distributed around 
more or less effectively. It may fall di- 
rectly to the bottom of the cylinder, or, 
even more frequently, it will be found to 
have: alighted on the end of the piston. 
The oil that drops onto the end of the 
piston will be burned on and additional 
oil deposited there will tend to form an 
accumulation of carbon and impurities 
which will glow at a dull red heat and 
cause back-firing, or pre-ignition or both 
Any random method of introducing the 
oil in the cylinder will mean an unneces- 
sarily large amount of oil to produce the 
desired results; and when this amount 
is used, although a well-lubricated sur- 
face may be obtained, some very unde- 
sirable results are also obtained. Again, 
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it is evident that if the cylinder be given 
a small drop of oil while compression is 
taking place, the next moment, during 
combustion, the tendency will be to de- 


stroy it at once. But if a small amount 
of oil be deposited directly on the piston 
barrel at the end of the power stroke, 
there would be three more strokes, so that 
a maximum amount of time would elapse 
before fire would again be present in the 
cylinder, and the best results would be 
obtained. 


APPARATUS TO DELIVER OIL AT A 
PREDETERMINED TIME 


The first proposition, then, is to use an 
apparatus which can be so driven in re- 
lation to the movements of the engine as 
to positively deliver oil at a predeter 
mined time. This would necessitate driv- 
ing the feeds leading to the ends of 
various cylinders separately, so that the 
correct timing of the oil delivery may be 
secured. The accompanying picture shows 
one way of accomplishing this. An oil 
pump is mounted on a carrying support 
which also embodies the extending arm 
carrying the ignition timer, which is ad- 
justable to a certain degree upon the gear- 
driven lay shaft extending underneath the 
oil pumps. The two oil pumps are driv- 
en by four eccentrics, forming practically 
four oil pumps, driven very neatly by 
one gear; the eccentrics being so set as 
to deliver the oil to the different divisions 
of this engine, which is of the double- 
acting tandem type, at the proper respect- 
ive moments. Each end of the cylinder 
is supplied with four feeds; one lubricat- 
ing the exhaust valve-stem, one the metal- 
lic packing on the piston-rod, and the 
other two lubricating the cylinder. It is 
practical to lubricate the piston-rod pack- 
ing by a separate oil pump driven re 
gardless of the working cycle, but it is 
more convenient to combine this with 
the cylinder-lubricating apparatus, as 
shown. The two cylinder feeds are led 
into specially constructed check-valves 
which are set at about 15 degrees each 
side of the vertical diameter and are made 
of proper length to suit the engine. The 
location of the oil port in the cylinder 
is such as to deliver the oil between the 
first and second piston rings, counting 
from the center of the cylinder with the 
piston at the extreme end of its travel. 

In a great measure the success of lu- 
brication depends upon the proper check: 
valves, which should be made with a great 
deal of care and fitted to the cylinders 
so. that the oil delivery may be brought 
down to the proper place and not allowed 
to trickle down the walls of the hole 
leading to the cylinder, or otherwise to 
go astray. 


CoNSTRUCTION OF THE O1L PuMP 
The construction of the oil pump is 
such as to deliver a solid stream of oil 
from the pumping mechanism to the tip 
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of the special check-valves; therefore 
when the pump forces in an additional 
quantity of oil this solid stream moves 
on and forcibly discharges from the tips 
of the check-valves an amount equal to 
the quantity pumped in from below the 
sight feed. 

The driving eccentric is so set as to 
cause the delivery of oil to begin as the 
first piston ring comes under the oil port, 
when the piston is moving toward the 
end of the cylinder in which this oil port 
is located. The oil is entirely delivered 
before this port is again uncovered by 
the piston rings, and this delivery further- 
more takes place at the end of the power 
stroke which has just been completed 
on the other side of the piston. The oil 
is thus deposited between the piston rings 
and runs down each way around the pis- 
ton and the rings riding in their grooves, 
and the whole moving mass becomes an 
oily swab to lubricate the cylinder walls 
over which it travels. Oil delivered in 
this way will insure the free working or 
floating of the piston rings, and if they 
are always thoroughly lubricated, the ne- 
cessity for fitting them closely in the 
grooves is not so great. This means a 
great deal, both in respect to wear of the 
rings and securing a tight piston which 
will prevent the blowing by of the gas. 

The results secured with such a lu- 
bricating system carefully installed and 
the timing taken care of as it is in this 
case, are rather remarkable as regards 
smallness of wear and oil consumption. 
On large engines working on dusty fur- 
nace gas, this arrangement is found to be 
satisfactory in every detail, requiring, of 
course, more oil and of a different na- 
ture than that used on engines working 
on clean, cool, natural gas or well- 
scrubbed producer gas. 

It is with some trepidation that I sub- 
mit figures as to the oil consumption, as 
these statements will surely put my repu- 
tation very much in question. Engines 
operating on natural gas, each cylinder 
rated at 250 horse-power, or a pair of 
cylinders at 500 horse-power, are success- 
fully lubricated on one gallon of oil per 
twenty-four hours of operation. The 
operation of large engines on blast-fur- 
nace gas covers rather too short a period 
to afford any figures that would be of 
great value. 

Engineering as concerned with the 
larger gas engines is somewhat in its early 
stages in this country; but American en- 
gineers have some reason to feel that a 
great deal has been accomplished at least 
along the line of lubrication. This is 
especially evident after making a trip 
through the old country among the gas- 
engine plants in operation there, where 
the most common type of lubricating ar- 
rangement is that of the Germans, which 
is colloquially known as the “cheese 
press.” This arrangement comprises a 
cylinder fitted with a tight piston which 
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is advanced slowly along the cylinder by 
means of a ratchet and screw, the oil be- 
ing forced out ahead of the piston as it 
moves along; the ratchet is oscillated 
from some moving part of the engine. 
One of these arrangements is provided 
for each end of each cylinder, and their 
appearance, their performance and their 
cost all tend to make them undesirable, 
not to mention the results they produce. 





Dry Steam by a New Method 





By D1x1e 





I used to run up against him at all sorts 
of functions, the testing of new machines, 
maiden-trip lunches on board new steam- 
ships, etc. He was associate editor, re- 
porter and puff writer for a small mechan- 
ical paper. I was just a nosey sort of cuss 
who had been mixed up with machinery 
so long that when I finally got away from 
it I couldn’t keep away, and that’s why he 
and I met so often. 

The first time I saw him was at the test 
of a machine for making post holes. It 
was a most interesting proposition. The 
inventor of the machine proposed to pro- 
duce a full line of machine-made post 
holes and ship them in case lots or more 
to agencies all over the country. I was 
not interested in post holes but I was in- 
terested in the way the machine worked 
and I noticed that my literary friend 
edged up close, as soon as I began to ask 
questions, took out his notebook and 
jotted the questions and answers down. 
Thereafter, whenever we met I was his 
official question-asker. The last time I saw 
him was in the engine room of the “Car- 
mania” after she completed her maiden 
trip to New York. He had dogged my 
footsteps from the time he caught sight 
of me in the dining saloon. 

Just behind the condenser, lying on the 
floor plates, were a lot of rectangular iron 
boxes lined with turkish toweling. These 
were parts of the oil-separating system to 
catch the cylinder-oil from the exhaust 
and prevent it passing back into the boil- 
ers. 

“Hullo, Mr. Dixie, what are those things 
for?” said he, as he laid one hand fondly 
on my shoulder and dived with the other 
into his pocket for his notebook. 

“Are you trying to kid me?” I replied, 
as I fixed him with my glittering eye. 

“No indeed, I ask because I am looking 
for information.” 

“Ever hear of dry steam?” 

“Of course.” 

“Well, those are the Turkish towels that 
they dry the steam with,” and as I left 
him he stood with one foot upon one of 
the boxes and his notebook on his knee, 
assiduously getting down this newly ac- 
quired information. 
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Causes of Knocks in Steam Engines—ll 


Interesting Explanations of the Most Common of These Annoy- 
ances, with Simple, Practical Directions for Preventing Them 
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A common method of attaching a slide 
or piston valve to its stem is by means of 
two nuts jammed together at either side 
of the valve. It is not an unusual occur- 
rence to have these nuts work loose and 
allow clearance for the valve between the 
nuts and cause a knock at this point. This 
condition should be quickly detected by 
the action of the engine, as it means a re- 
duced valve movement and _ irregular 
steam distribution. If the engine were run- 
ning non-condensing, the above derange- 
ment would readily be noticeable by the 
uneven exhausts. 

There is a possibility for knocks to ex- 
ist in almost any form of engine valve. 
The type of valve which is least liable to 
produce a knock is the piston valve, but 
even in this there may be the click of the 
packing rings. This may be caused hy 
the rings fitting the grooves too loosely 


FIG. 6 


and rattling back and forth as the valve re- 
verses its motion, or it may be due to the 
rings being slightly collapsed from a 
sudden increase in pressure in the port 
surrounding the rings. It will be ob- 
served that all the surface of the face 
of these rings, except that covered by the 
ribs in the port, is exposed to the direct 
pressure of the steam during the period 
that each ring is crossing the port open- 
ing. 


Knocks CAUSED BY VALVES LIFTING FROM 
SEATS 

In all forms of steam valves free to lift 
from their seats a knock will result when- 
ever the pressure becomes greater in the 
cylinder than in the steam chest. This 
condition will arise from water in suff- 
cient quantities to fill the clearance space, 
or from excessive compression due to 
faulty valve setting. The valve will lift 
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from its seat as the piston approaches the 
end of the stroke, acting as a safety valve; 
then the instant the piston starts forward 
the pressure drops and the valve returns 
to its seat with a slam. It is usual to make 
valves so that they may lift a limited 
amount and act as reliefs, in case of emer- 
gency from water, but they should never 
be permitted to lift from steam pressure, 
ordinarily. When the compression is suf- 
ficient to force a regular slide valve from 
its seat, serious loss of steam results, as 
when the valve is not in contact with its 
seat, a direct communication between the 
steam chest and the exhaust port is es- 
tablished. In engines with separate steam 
and exhaust valves, part of the steam fill- 
ing the clearance space will be forced into 
the steam chest. 

If the steam valves are set to open so 
early that full initial pressure is obtained 
before the piston has reached the end of 
the stroke, the result is much the same as 
if the compression were excessive. The re- 
sulting knock, however, is more in the na- 
ture of a clatter of the valve, for since 
the valve is already open it does not have 
to be forced from its seat, but the cur- 
rent of steam being forced back into the 
steam chest until the piston reaches the 
end of the stroke will make the valve 
rattle on its seat. 

It may be said here that excessive lead 
is often responsible for knocks in the 
various bearings, since it applies a heavy 
pressure suddenly against the piston at 
a time when it has considerable velocity. 

Where independent exhaust valves are 
used, there may be clattering of these 
valves under certain conditions. If the 
engine operates non-condensing and the 
cut-off is very early, the steam will ex- 
pand considerably below the atmospheric 
pressure. The result is that toward the 
end of the stroke, and before the exhaust 
valve has opened, the steam in the exhaust 
pipe will lift the valves, rush into the 
cylinder and cause a rattling of the valves. 
This will occur with any type of inde- 
pendent exhaust valve which is free to 
lift from its seat. With Corliss valves, 
it should not occur in a new engine, as 
the valves fit the ports quite snugly, but 
it may always be noticed in an old Corliss 
engine where the valves and seats are 
worn down even a small amount. 

Knocks often occur from Corliss ex- 
haust valves having end play. It would 
at first seem that there should be no oc- 


LARS ON 


casion for the valves to move endwise, 
even if they have clearance in that direc- 
tion. It is not safe to make the valves 
too snug-fitting endwise, especially in 
large engines, since the valve, being 
lighter than the walls of the chamber in 
which it turns, will expand faster, and if 
no clearance at the ends is allowed, an 
accident may result in starting the engine, 
unless all the parts have acquired an equal 
temperature. 

These valves are round and fit the 
chamber quite snugly for some distance 
at each end. One end is slotted for the 
stem, with the result that there is more 
waste space for steam than at the back 
end. Now, when the exhaust valve opens, 
the steam in this waste space expands and 
drives the valve against the back bonnet, 
sometimes causing a very severe knock, 
even when the clearance is small. Then, 
when the valve has closed and steam is 
admitted, the small space at the back end 
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will accumulate pressure faster than the 
larger space at the stem end, and the 
valve will be driven back. The end 
knock of an exhaust valve can be dis- 
tinctly felt by holding any object firmly 
against the back bonnet. 

The quickest way to correct such a 
knock is to cut passages for the steam in 
the ends of the valve large enough so 
that the pressure will always be the same 
at the ends of the valves as in the cylin 
der. Fig. 6 shows a Corliss exhaust valve, 
with channels cut at A and B for remov- 
ing this knock. 


VALVES CHATTERING ON SEATS 


Almost equally annoying as_ valves 
knocking is their chattering on their seats 
This is caused by lack of lubrication, or 
too much spring in the various parts 
operating the valves, allowing them to 
move on their seats by jumps, as it were. 
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Sometimes part of this chattering is 
caused by the valve motion having loose 
joints, giving the valve a jerky motion. 

In some cases it will be found that while 
ample oil is being supplied it does not 
find its way between the valve and seat. 
Grooving the face of the valve or seat will 
often greatly aid the distribution of the 
oil. In large engines, excellent results 
have been obtained by grooving the valve 
seat and piping the oil into grooves under 
the valve, when no amount of oil sprayed 
into the steam would stop the grating of 
the valves. An inexperienced person 
might mistake this chattering of the 
valves for the piston “grunting for 
grease,” but the former can readily be 
detected by the slight trembling of the 
valve connections. 

Should the piston become loose on the 
rod, even a very small amount, a heavy 
knock will result, which usually gets 
worse rapidly. The most common prac- 
tice is to have the piston held by a nut 
on the rod. This may not have been 
tightened sufficiently, allowing it to back 
off. It also happens that pistons are 
loosened by water in the cylinder. 

A peculiar case of knock was recently 
found in the high-pressure piston of a 
vertical cross-compound engine of 2500 
horse-power. The engine would pound 
fearfully on the bottom center, some- 
times every revolution, then at times run 
quietly for some seconds, and at other 
times it would pound every other revolu- 
tion for minutes at a time, reminding one 
of the exhaust from a “hit-and-miss” gas 
engine. The nut on the piston-rod had 
been tried several times, but it seemed 
tight. Fig. 7 shows the detail of the con- 
struction. It happened that there was 
insufficient thread on the piston-rod and 
that the bottom side of the nut did not 
actually bear on the piston. Since the 
nut was counterbored into the piston, one 
could not see when it came in contact, 
and its tightness on the thread was mis- 
taken for its bearing on the piston. 

It will be seen that the rod is tapered 
in the piston, and apparently on some 
down strokes the piston would be driven 
so firmly onto this taper that it was not 
removed when steam was admitted on the 
bottom center. Whenever the piston 
stuck there was no pound, of course. 

In built-up pistons, when a follower is 
secured with studs, there is always the 
possibility of a stud backing out and 
striking the cylinder-head. Cases have 
been known where through error in ma- 
chine work the junk ring was not clamped 
irmly between the shoulder on the piston 
ody and the follower. This will cause 
he junk ring to knock against these parts 
s the piston reverses its stroke. 

If the packing ring travels over the 
counterbore in the cylinder to any ex- 
tent, a part of its external surface is ex- 
posed to the initial pressure at the in- 
stant that the piston is at the end of the 
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stroke. The result is that the ring is slightly 
collapsed, and as soon as the. piston 
moves forward the ring expands against 
the cylinder walls with a sharp click. This 
action of the packing ring in the piston 
is identical with that described previously 
in connection with rings in piston valves. 
There will also be the same knock in pis- 
tons as in piston valves if the rings fit 
the grooves loosely, except that since the 
velocities of pistons are so much higher, 
the knock resulting from a given clear- 
ance will be correspondingly greater. 
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A common method of attaching the 
piston-rod to the crosshead is by means 
of a thread and jam-nut. This arrange- 
ment affords an easy means for re-ad- 
justing the clearance in the cylinder, but 
if the jam-nut should loosen, the rod may 
screw in or out of the crosshead, and 
allow the piston to knock one of the cyl- 
inder-heads. Any striking of the piston 
or the studs against the cylinder-head 
can be readily felt, by holding any ob- 
ject, as the end of a lead pencil, against 
the cylinder-head. Whenever any knock 
occurs within the cylinder it should be 
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its exact 


investigated iminediately and 
cause ascertained as, if the piston is 
striking the cylinder-head, it not only may 
wreck the engine but cause loss of life. 


ENGINES “Out oF LINE” CAUSE KNocKs 


A great many knocks may exist from 
an engine being out of line. This term, 
however, is somewhat ambiguous. When 
the shaft is not at right angles to the 
center line of the cylinder the engine is 
said to be “out of line,” but the same 
expression is used when the cylinder and 
slide are not in line, or when the path of 
the connecting-rod is not in line with the 
cylinder and slide. This latter condition 
would prevail if the shaft were moved 
endwise in the bearings. 

Fig. 8 shows a shaft out of right angles 
with the cylinder. Since the thrust from 
the connecting-rod does not bear squarely 
onto the crank-pin, it follows that on 
the forward stroke the crank brasses will 
bear sidewise against the face of the 
crank, while on the return stroke this 
side thrust will come on the head of 
the crank-pin. Therefore, if the brasses 
have any side clearance, a knock will re- 
sult from the side slap of the rod. It 
also follows that if the shaft is not 
at right angles to the engine the con- 
necting-rod will be out of line with the 
cylinder and slide. This amount is great- 
est at the centers, or where the pressures 
are reversed, consequently the evil that 
results is greatest. The effect of the 
connecting-rod being out of line with the 
slide is a tendency to produce a knock 
from the crosshead being forced side- 
wise in opposite directions at each cen- 
ter, and also to cause side knocking of 
the connecting-rod in the crosshead. The 
reason for this will be understood by re- 
ferring to Fig. 8, where AB represents 
the center line of the cylinder, and C D the 
path of the crank-pin, with the shaft out 
of line. 

When the cylinder is not in line with 
the slide sidewise there is a tendency to 
knock at the crosshead on the head end 
of the stroke, similar to that just de- 
scribed above. Also if the piston is not 
snug-fitting in the cylinder bore, it will 
slam against the sid: of the cylinder and 
produce a knock. This is especially true 
in vertical engines, where the piston is 
unstable and responds to even a small 
force sidewise. The reason that there 
will be no knock at the head end in this 
case is that the cylinder is in line at that 
end. This is illustrated in Fig. 8, where 
the cylinder not in alinement is shown in 
dotted outline. 

Another serious result in horizontal en- 
gines from the cylinder being out of line 
is excessive wear on the piston and cylin- 
der. When the engine runs in this con- 
dition the piston has a slightly rocking 
motion, the effect of which is to wear 
the piston most on its edges and destroy 
its true cylindrical form, with the result 
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that the piston is deprived of a large 
amount of surface for its support, and 
consequently the pressure per unit of sur- 
face becomes high and the wear exces- 
sive. This trouble may also result from 
the crosshead not being adjusted in the 
center of the slides. 





Catechism of Electricity— 
XXXVI 





Arc LIGHTING SWITCHBOARDS 
617. What is an arc-lighting switch- 
board? 

A switchboard designed for the con- 
nection of one or more arc-light circuits 


to any one of a number of dynamos. 


618. Is this type switchboard con- 
structed differently from the switchboards 
previously illustrated and described? 

Yes; owing to the greater flexibility re- 
quired in arc lighting, any arrangement 
of switches for making the transfers men- 
tioned in answer to 617 would be exceed- 
ingly complicated. The various connec- 
tions are therefore made by inserting 
plugs into sockets or receptacles, the cir: 
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FIG. 177. ARC SWITCHBOARD IN WHICH THE 
CONNECTIONS ARE MADE BY USING 
PLUG AND CABLES 


cuits being completed in some boards by 
flexible cables and in others by the plug 
itself. 


619. Which of the two methods of 
completing the circuits is preferable? 

That in which the connections are made 
by using plugs without cables, because 
there is no danger to the attendant from 
accidental contact with exposed or poorly 
insulated cables carrying high-voltage 
currents, and because where a large num- 
ber of generators and circuits are operated 
the front of the board is not cluttered up 
with cables. 


620. Is there not liability to currents 
arcing between the plug and receptacles 
when withdrawing the plug to disconnect 
a dynamo or a circuit? 

No; because the dynamo or circuit to 
be cut out is first short-circuited. Arc- 
light dynamos are not injured by short- 
circuiting as constant-potential generators 
would be, because as soon as they are 
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short-circuited their voltage drops almost 
to nothing. 


621. Illustrate and describe an arc- 
lighting switchboard in which the connec- 
tions are made by using plugs with cables. 

Fig. 177 shows a simple board of this 
kind designed for two dynamos, a and b, 
and four line circuits, 1, 2, 3 and 4. The 
positive (+) and negative (—) terminals 
of each dynamo are wired to separate re- 
ceptacles which are in duplicate as indi- 
cated in the bottom row. The positive 
and negative terminals of each lamp cir- 
cuit are likewise wired to duplicate re- 
ceptacles as indicated, in the two upper 
rows. Each terminal is thus made double 
so that transfers may be made without 
opening the circuit. An ammeter m is 
mounted on the board for measuring the 
strength of the current in any of the cir- 
cuits. 
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chine), thus making the bar continuous ; 
by removing any pair of plugs the ma- 
chine may be disconnected. The sockets 
in row Ir are ammeter “jacks” and are 
used in connection with a special plug for 
connecting the ammeter in any circuit. 
The six horizontal bars are for the pur- 
pose of transferring a machine or a feeder 
to some circuit other than its own. Each 
horizontal bar is provided, at the left-hand 
side of the panel, with a receptacle (4-3, 
A-4, A-5, A-7, A-8 and A-9) by means 
of which it can be connected with the 
horizontal bar on an adjoining panel. All 
ordinary combinations can be made by 
means of the bars and plugs, but cable 
plugs are provided with each panel, so 
that when necessary machines and feeders 
can be transferred without the use of the 
bars. These plugs and cables are intended 
for use only in case of an emergency, and 
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FIG. 178. ARC SWITCHBOARD IN WHICH CONNECTIONS ARE MADE BY 
USING PLUGS WITHOUT CABLES 


622. Describe the effect of the connec- 
tions shown on the board in Fig. 177. 

The dynamo a is connected to circuit 
No. 2, while the dynamo b is connected 
to circuits Nos. 3 and 4, which are con- 
nected in series. The ammeter m is con- 
nected in circuit with the dynamo b. 


623. Illustrate and describe an arc- 
lighting switchboard in which the connec- 
tions are made by using plugs without 
cables. 

Fig. 178 shows a switchboard of this 
kind, having provision for three dyna- 
mos and three circuits. In order to indi- 
cate clearly the various combinations, the 
vertical rows of receptacles are lettered 
and the horizontal rows numbered. The 
ends of the vertical bars are connected to 
the machines and circuits. Each of the 
bars is broken in three places, and a ma- 
chine may be connected to its circuit by 
plugging across the breaks (the illustra- 
tion shows each circuit on its own ma- 


are used in connection with receptacles 
in the horizontal rows 2 and 11. 

To run machine No. 1 on feeder No. 1, 
plugs are inserted in B-20, C-10, B-6, C-6, 
B-2 and C-2. To shut down machine No. 
2 and run feeders Nos. 1 and 2 in series 
on machine No. 1, plugs are inserted at 
C-5, D-5, C-7 and D-7, and the plugs at 
C-6 and D-6 removed; this leaves two 
circuits and two machines in series; ma- 
chine No. 2 is then short-circuited by in- 
serting a plug at E-7, and disconnected 
by removing the plugs at D-zo and E-10. 
The plug at D-7 is then withdrawn be- 
cause it is useless. 


624. Of what material are arc switch- 
boards made? 

Marble is generally used. Slate is not a 
good material on account of its liability 
te contain metallic veins. Owing to the 


high potentials common to arc-lighting 
circuits, special care is necessary in in- 
sulating them. 
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The Specific Ho: Superheated Steam—l 


An Account of the Chase for This Elusive Quantity, with a Com- 
parative Study of Results Obtained by Various Experimenters 





BY PROF. 


One of the most active questions before 
engineering science is 
the value of the specific heat of super- 
heated steam. Within the past decade the 
use of superheat has extended rapidly. 
The steam turbine virtually demands its 
use; stationary power plants of all types 
aiming at high economy are finding it 
of the greatest value; it is steadily in- 
vading the field of ship propulsion; and 
railway locomotives are now looking to 
it as a welcome alternative to the com- 
plexities of compounding. Yet in none 
of these important fields can any com- 
putation be made, whether of the amount 
of coal needed to furnish a given degree 
of superheat, or of the amount of work 
which it may be expected to perform, 
without a knowledge of the specific heat 
of superheated steam. This knowledge 
we have not yet had at our command. 

First, what is “specific heat”? Broadly 
speaking, it is the amount of heat re- 
quired to raise one pound of a substance 
by one degree Fahrenheit, in comparison 
with that required to raise one pound of 
water from 59 to 60 degrees Fahrenheit. 
With most of the more familiar sub- 
stances this simple statement is enough. 
The required heat is closely the same 
for all ordinary ranges of temperature, 
and under all conditions. We say, for 
instance, that the specific heat of iron is 
about 0.12, that of copper about 0.095, 
that of stone about 0.18, etc.—all much 
less than unity, it is to be noted. That 
is to say, it takes only about one-fifth to 
one-tenth as much heat to alter the tem- 
perature of the common solids as it does 
to warm or cool water by a like range. 

These figures change*some with tem- 
perature, it is true. Iron at the freezing 
point of water has a specific heat of 0.11, 
Whereas at 600 degrees Fahrenheit its 
heat is 0.13. The heat of copper similarly 
changes from 0.090 to 0.099. But aside 
from this, no other question of condition 
need be raised. 

In gases, however, such as air, steam, 
etc, there occurs not only a change of 
specific heat with temperature, but also 
another change with pressure. Indeed, a 
gas might have so many different specific 
heats, under as many different conditions, 
that we reject all of them, as confusing 
and useless in practice, except two, viz., 
Specific heat under constant volume and 
Specific heat under constant pressure. 
These are usually symbolized by the let- 
ets G andG,; or, as the author prefers, 
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because we use the letter C for so many 
other coefficients, S» and .S). 

The difference between the two is 
this: If a gas be heated under constant 
volume, all of the heat absorbed goes to 
heat the substance itself. That is to say, 
the heat energy takes the form of a more 
rapid vibration of the molecules, and no 
other form. Because of this more rapid 
vibration, bombarding the walls of the 
vessel with greater vigor, the pressure 
increases, it is true; but this increase of 
pressure absorbs no energy from the 
molecules, so long as the walls do not 
move outwardly under its influence. But 
if the gas is to be heated under constant 
pressure, instead of constant volume, then 
the volume must be permitted to increase. 
As the temperature rises, the walls, mov- 
ing back under the bombardment, absorb 
some of the energy contributed to the 
molecules from without. The heat sup- 
plied has now two distinct things to 
perform. , 

First, it must impart to the molecules 
the same increase in vibration as before, 
for this speed of vibration is what consti- 
tutes “temperature.” A thermometer in 
the gas will not show the required rise in 
temperature until the gas has received the 
full amount of heat absorbed in the first 
case (or in other words, S:), no matter 
whether other conditions are altered or 
not. 

Secondly, the heat supply must furnish 
energy for increasing the volume, pushing 
the walls back against whatever resist- 
ance holds them. This energy, it is to be 
noted carefully, is not in the steam or gas 
itself. It lies in the outside masses which 
are separated by the expanding gas. 
When a tea-kettle boils, for instance, the 
atmosphere is pushed away from the 
earth, against gravitation, by the expand- 
ing steam. When a power boiler makes 
steam, it is not the engine piston which is 
pushed away from the cylinder-head, 
against fly-wheel resistances, as the steam 
expands. Therefore this second quantity 
of heat is called the external energy of the 
gas. Yet it has to be supplied to the gas. 
We cannot push the piston or the like by 
the direct application of heat. The heat 
must first be supplied to the gas, and the 
gas then does the pushing for us. 

This external energy of a gas is usually 
symbolized by R. It is defined as the 
amount of external work which must be 
done in raising one pound of the gas one 
degree Fahrenheit under constant pres- 


REEVE 


sure. For air the value of R remains 
closely the same under all conditions, and 
amounts to 53.18 foot-pounds, or 


53-18 + 778 = 0.0683 B.t.u. 


For steam it varies considerably. Since 
the specific heat under constant pressure 
is greater than that under constant 
volume, by the amount of external work 
done, we have, 


Sp = So+ R (= S- + 0.0683 for air), 
which is the elementary fact to be kept 


in mind in discussing the specific heat of 


steam. 
In power development all superheating 
is done under virtually constant pressure. 


The steam current from boiler to 
engine, through the superheater, 1s 
wide open from end to end. Ex- 


cept for friction, the pressure will be 
everywhere the same. The superheater 
may increase the volume of steam passing 
through it, so that a greater volume comes 
out of the far end than went in from the 
boiler; but it cannot increase its pressure, 
or its weight. The prime need of the 
steam engineer, therefore, 1s a knowledge 
of the specific heat of steam under con- 
stant pressure. 

But it must also be kept in mind that 
any variation of pressure during super- 
heating will raise an important question 
as to accuracy in this value. The amount 
of energy involved in alteration of pres- 
sure and temperature together is an im- 
portant fraction of that involved in chang- 
ing volume and temperature together. For 
air, the value of R is about 40 per cent. of 
that of S., so that 


R = 0.4025 Sv 
and 
S» == 1.402§ Se. 


The question of constancy of pressure 
during superheating is therefore of great 
importance. It will be referred to again 
later. 

The first value determined for the speci- 
fic heat of superheated steam—or of stcarm 
gas, as we shall prefer to call it—was 
derived for us by Regnault, whose ex 
perimental researches in the properties of 
steam, early in the eighteen-sixties, have 
formed the foundation of our steam 
knowledge ever since. He stated the value 
for atmospheric steam as 0.48, which has 
been relied upon until recently for all 
purposes. Regnault also reached the con- 
clusion that the value was virtually con- 
stant for all pressures and temperatures. 
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Regnault’s work was reviewed, shortly 
after, by Hirn, who re-computed Reg- 
nault’s values and took the position that 
the specific heat varied with the tempera- 
ture, although not appreciably with the 
pressure. The values which he left us, 
however, although he was apparently 
nearer the general truth than was Reg- 
nault, are not sufficiently consistent with 
what we now believe to be true to war- 
rant their reproduction here. Regnault’s 
single value, 0.48, continued to be used in 
spite of Hirn’s contribution to our knowl- 
edge. 

By the middle of the last decade, how- 
ever, it began to be generally recognized 
that Regnault’s work was not finaily cor- 
rect. More refined experiments revealed 
discrepancies with the steam tables based 
upon his data. It became suspected that 
the steam which he used as dry steam 
was not quite dry in fact, containing prob- 
ably a small fraction of 1 per cent. of 
moisture. It became more than suspected, 
it became obvious, that the specific heat 
of steam gas was not the same for all 
pressures and temperatures.* Yet no 
one could say what, if Regnault's figures 
were wrong, was just right. The task of 
repeating his work more carefully than he 
had done it was beyond the ability of the 
ordinary investigator. 

Yet many attempted it. A. R. Dodge, 
in his paper before the American Society 
of Mechanical Engineers, at Indianapolis, 
in May, 1907, lists some two dozen pub- 
lications of values derived within the past 
twelve years. But he also shows, in the 
same exhibit, how hopelessly inconsistent 
they are with each other. He quotes six- 
teen of these reports as stating that the 
specific heat increases with the pressure, 
and two that it decreases; while the rest 
are either non-committal or state that it 
remains constant. Similarly, nin2 state 
that the value increases with increasing 
temperature, six that it decreases, and 
the rest that it is constant. 

It is obviously necessary to 2xamine 
these reports in detail, to decide which to 
reject and which to accept. No attempt 
can be made here to be exhaustive in cur 
review, covering every reported value. 
But the authorities most often referred to 
should be cross-examined as to. their 
credentials. 

One of the most learned authorities 
who have given recent attention to this 
question is Professor Weyrauch, of Stutt- 
gart. Dr. Weyrauch’s earliest publication 
upon the topic was in 1876, and in 1904 
he reviewed his earlier work in the light 


*The reader must distinguish carefully be- 
tween varying pressures during superheat, 
and different but constant pressures; that 
is to say, the pressure at which superheat is 
begun being, say, one hundred pounds, any 
small variation away from one hundred 
pounds during superheat upsets all our ¢al- 
culations. We may have, however, one re- 
liable and accurate specific heat for a pres- 
sure kept carefully constant at one hundred 
pounds, and another equally reliable and ac- 
curate value for a pressure kept carefully 
constant at, say, fifty pounds. 
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of more recent information. His own 
formula of 1876, based upon the work 
of Regnault, Hirn and Zeuner, assumed 
the specific heat to be independent of the 
pressure, varying with the temperature 
thus: 


(a) Sp = 0.4258 + 0.00021 f. 


He quotes Mallard and Le Chatelier as 
giving, in 1883, the formula: 


(b) Sp = 0.4165 + 0.000203 ft. 


Later on, as a result of the experiments 
of Sarrau and Vielle, this was altered ic: 


(c) Sp = 0.4263 + 0.0001767 t. 


Dr. Weyrauch also quotes Langen as giv- 
ing the formula: 


(d) Sp = 0.43475 + 0.000(3278 t. 


In all of these formulas ¢ is the temper- 
ature, Fahrenheit, at which the specific 
heat is desired. 

To compare these formulas, the results 
as shown in the accompanying Table 1, in 
which the letters refer to the preceding 
formulas, may be stated: 


TABLE 1. 


t 100° 200° 300° 500° =1000° =1500° =2000° 
F. F. F. F. F. F. ¥. 
(a) 0.447 0.468 0.489 0.531 0.636 0.741 0.846 


(b) 0.437 0.457 0.477 0.518 0.619 0.721 0.822 
(c) 0.444 0.462 0.479 0.515 0.603 0.691 0.780 
(d) 0.448 0.461 0.475 0.501 0.567 0.634 0.700 

The values, it is seen, do not differ ap- 
preciably in the lower ranges of tempera- 
ture. At higher temperatures, however, 
they’ are essentially inconsistent. It is 
also of interest to note that, viewed chrun 
ologically, they display a decreasing con- 
fidence in the rapid increase of specific 
lieat with temperature. 

Dr. Weyrauch publishes his conclusions 
in a large table of values, for many dif- 
ferent pressures, from 27 inches of vacuum 
up to 190 pounds by gage, and for differ- 
ent amounts of superheat. This table 
shows the specific heat as increasing both 
with pressure and with superheat. At 
first glance, this table would lead the 
reader to the inference that the values 
increased broadly with pressure and tem- 
perature. But if the table be translated 
into the simple terms of absolute pres- 
sure and temperature alone, the tempera- 
tufe of saturation being taken into ac- 
count, all variations with pressure disap- 
pear. The results plainly show what his 
formula states, viz, variation with tem- 
perature only. 

K. Kutzbach, in the Zeitschrift des 
Vercines Deutscher Ingenieure for Octo- 
ber 19, 1907, refers to these same au- 
therities as being inconsistent. He points 
out that between the temperatures of 2400 
and 3100 degrees Fahrenheit Langen 
found an increase in the specific heat of 
steam of only 9 per cent., in comparison 
with Mallard and Le Chatelier’s 13 per 
cent. In that of carbon dioxide he found 
a variation of only 21% per cent., in com- 
parison with their 8 per cent. Mr. Kutz- 


+Zeitschrift des Vereines 


Deutscher In- 
genicure, 1904, page 24. 
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*bach further quotes the work of Hol- 


born,t at the Reichsanstalt, as giving a 
formula of the form 


S,= A+ Bi- Ce, 


wherein A, B and C are positive constants 
Such a formula would give a value for 
the specific heat which at first increased, 
with rising temperature, to a maximum 
value, after which it would decrease wit! 
further rise of temperature. The constants 
of Holborn’s formula are stated in unit 
which are not understood by the author 
but as he interprets them the formul 
would lead to a disappearance of all spe 
cific heat at a not unusual temperatur: 

All of these formulas were derived, b) 
computation, from experiments in the ex 
plosive phenomena of gaseous mixtures; 
and all of them rest, for their reliability, 
upon an assumption as to the law of vol- 
ume increase under superheat. As this 
law is as yet quite unknown, with ac 
curacy, and is almost as much in need of 
investigation as is the question of specific 
heat itself, the author long ago rejected 
both the arithmetical values and the gen 
eral conclusions of this school of investi 
gators; as does Mr. Kutzbach, also. The 
latter expresses the belief that pressure 
is more of a factor in variations of specific 
heat than is temperature; and data re 
ported since he wrote would tend to con 
firm this position. 


tAnnalen der Physik, Leipzig, 
Series, Vol. XVIII, page 739. 

Annalen der Physik, Beiblitter, 1905, Vol. 
V, page 621. 

Holborn and Austin worked chiefly upon 
the specific heat of air and other permanent 
gases. They also observed with steam; but 
preferred to deduce, by proportion, the 
specific heat of steam from their observations 
upon other gases, rather than to accept their 
own direct observations upon steam. They 
report as follows: 


1905, 4ih 








SPECIFIC HEAT AT CONSTANT 
PRESSURE. 





Tempera- 
ture Range, . | 











Fahrenheit. | & a4 Be | 6 ak 
Pa > ai|o ge 
= bs ~ Pe 
A na } 

50 to 400... 


| 0.244 0.2175 0.2375 (0.2168! ean —— 
230 to 520....|. .|0.2815).. 0.449) 0.462 





70 to 830....| 0.242 0:224 |0.2366/0.2306 ......|....-+ 
930 to 830....|...... ....../0.2850)......| 0.460] 0.471 
70 to 1170....| 0.246 0.230 |0.243 |0.242 |......!. 

ny Ce Pid Pees eG eee | 0.475) 0.477 
70 to 1470....| 0.250'..... 10.243 [0.249 |......]....0- 
230 to 1510....]......'......|0.249 |......] 0.498) 0.486 





All observations were made at atmospheri 
pressure, 








F. W. Mahin, of Nottingham, reports 
that the manufacture of aluminum cables 
as electric conductors in place of copper 
has actively begun in Great Britain. The 
cables and wires being made there are 
covered with vulcanized bitumen treated 
by patented methods, and they are, it is 
claimed, not brittle at low temperatures 
nor unduly soft at the high temperatures 
to which they should be subjected in ordi 
nary use. 
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Technical Aspects of Oil as Fuel—VII 


Construction and Efficiency of Oil Engines ( Daimler, Diesel, 
Haselwander ) Using Benzol and Other Low-priced Coal-tar Oils 





BY FRANZ ERICH 


rig. 46 and the large sectional draw- 
ing Fig. 47 give details of Diesel engines 
as built by the Maschinenfabrik Augs- 


























burg, the pioneer builders of this type of 
prime mover. In their earlier types reg- 
ulation of the oil admission was effected 
by varying the closing of the oil inlet 
valve, according to the load, by means 
of a threaded rod which was turned by 





Oil Inlet 


the governor, thus adjusting the quantity 
of oil injected at each power stroke. 
the latest construction, which is shown 





FIG. 46 


in Fig. 46, the delivery valve D of the fuel 
pump is automatic. The suction valve S is 
connected through the rod U with the lever 
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H, one end of which is suspended at 
the governor. As long as the governor 
does not change its position the point of 
suspension F can be considered as a fixed 
point. The other end G of the lever H is 
moved up and down by a crank fastened 
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to the cam-shaft, this crank serving also 
to drive the plunger of the pump. Hence 
the suction valve is opened and closed 
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mechanically. If the governor changes 
the position of the point F, with increasing 
speed raising it up higher, for instance, 
the suction valve will close later and 
open earlier, so that less oil is delivered. 
It will be noted that with this arrange- 
ment the back pressure on the governor 
is very small. 

The piston, of which a sectional view 
is given in Fig. 47, is supplied with oil 
from special lubricating grooves, which 
are connected with the cylinder interior 
as well as with a concentric oil tube sur- 
rounding the jacket and containing oil 
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under pressure. The grooves are so ar- 
ranged that they can be easily cleaned 
from without. The two-stage compressor 
takes air from the atmosphere, and is 
driven by a crank from the main shaft. 
In order to secure a uniform distribution 
of pump work each cylinder is provided 
with a separate fuel pump. To secure a 
better distribution of material and avoid 
heating strains in the cylinder-head, two 
inlet and two exhaust valves are pro- 
vided instead of one of each. It would 
seem rather complicated at first sight to 
crowd six valves into the small space of 
the cylinder-head, but it is a fact that the 
valves as now arranged are easier to 
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handle when being cleaned, and that their 
wear is reduced by the more efficient 
cooling which thus becomes possible. The 
annular ribs at the inner bottom -of the 
piston-head are supposed to increase its 
cooling surface and strength. 


THE HASELWANDER ENGINE 


The recent expiration of the Diesel 
patents has induced many inventors to 
attempt the solution of the oil-engine 
problem along similar lines, using the 
same principle but employing simpler 
means of construction. It is generally 
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tents of the combustion chamber. Yet, 
while we classify the Diesel engine as 
of the continuous-combustion type, the 
Haselwander engine operates with con- 
stant-volume combustion. It is difficult 
to draw a strict line of demarcation be- 
tween the two systems, however. 

A characteristic feature of the engine 
under discussion is that it attains the 
same ends as the Diesel with simpler 
means: The compression pressure em 
ployed is 20 atmospheres against 35 in the 
Diesel engine and the spraying air i 
taken from the working cvlinder and no 






































FIG. 47 


known that the Diesel engine as it stands 
to-day has very little in common with the 
idea originally conceived by the inventor. 
Isothermal combustion has been aban- 
doned entirely. Only the distinct feature 
of the high compression of air alone in 
the working cylinder beyond the ignition 
temperature of the fuel has been pre- 
served. The constructional features of 
the engine are all the result of practical 
experimenting. Haselwander uses the 
same principle: high compression of air 
alone in the main cylinder and injection 
of fuelinto this air by air-of higher pres- 
sure, ignition being performed by contact 
of the injected oil with the heated con- 














special compressor is needed. Hence its 
mechanical efficiency must be _ higher, 
while its fuel economy is actually al- 
most as good as the best results recorded 
of Diesel engines. If we inquire into the 
reasons of this economic similarity not- 
withstanding the cyclic and mechanical 
dissimilarities of the two types, we are 
at a loss for an adequate explanation. (f 
course, we can construct a_ speculative 
theory, for which the working process of 
internal-combustion engines lends _ itself 
better than any other phenomenon. But 
scores of elaborate calculations have a!- 
ready been published on the subject, and 
every year brings a new version. 
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Elevator—XIX 


The Piston, Sheaves and Bearings of the Whittier Pulling 


Method of Lubrication; The Use of Strainers 





BY WILLIAM BAXTER, 


pistons of pulling machines are 
slightly different in design from those used 
with pushing machines. The difference is 
only that made necessary by the direc- 
in which the force is applied. In 
pushing machines, the piston pushes the 
piston-rod or plunger ahead of it, but in 
pulling machines the piston pulls the pis- 
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FIG. 188 


ton-rod along. The piston used in the 
Whittier pulling machine is shown in 
Fig. 188, which gives two views, the one a 
face view and the other a section through 
the center, in line with the piston-rods. 
These pistons are easier to pack than 
those of pushing machines, because they 
are moved to the back end of the cyl- 
inder, where they are wholly exposed, in- 
stead of being partially obstructed by a 
large piston plunger. The same kind of 
packing is used in them as in other types 
of elevators already explained, and the 
process of packing is the same; that is, 
the piston is forced as far back as it will 
go when the elevator car is at the top of 
the building. The car is then securely 
fastened to the overhead beams, and all 
the water is drawn from the cylinder and 
pipes, after which the packing is done. 
As the piston is so accessible the pack- 
ing should not be made very tight at 


chines are not easily reached for lubricat- 
ing purposes, and on that account com- 
monly made with pockets which hold a 
considerable supply of lubricating grease. 
The bushing of the Whittier sheave, in 
which are provided such spaces, is shown 
in Fig. 189, which shows a side view of 
the bushing and a section parallel with the 
bore. One half of a sheave, with the 
bushing in place, is shown in Fig. 190. 
Looking at Fig. 180, it will be seen that 
there are four diagonal openings cut 
through the bushing at AAAA. In 
addition to these there are several holes 
BB, which are filled with a lubricating 
grease by means of grease cups set over 
each pocket. 

All sheaves are made with brass 
bushings, and the manufacturers who use 
such bushings, do not always provide 
grease pockets. In most machines grease 
cups alone are used, there being three 
or four on a sheave, so that one of them 
may easily be reached at any time. Screw- 
cap cups are preferred, and with this the 
cap is screwed down a half turn or so 
each morning before starting up, which is 
sufficient to keep the bearing well lubri- 
cated. 


not 


OVERHEAD SHEAVES AND BEARINGS 


The overhead sheaves and their bear- 
ings are made practically the same for all 
types of elevators. The general practice 
is to mount the sheave on a short shaft 
that projects five or six inches on each 
side, and these ends run in bearings that 
are lined with babbitt, and are made in 
some cases solid, in some cases with a 
cap, and in others in a more elaborate 
inanner. The shaft could be made fast 
in the side bearings, with the sheave to 
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and in vertical machines it is used because 
it is necessary to make the sheave and 
frame as narrow as possible so as to be 
able to run in a small space; with the 
shaft fast in the side frames the structure 
can be made of considerably less width 
than if side bearings were provided with 
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FIG. 189 


the sheave fast on the shaft. A solid 
overhead-sheave bearing is illustrated in 
Fig. 191, which shows the side elevation, 
and plan. The babbitted lining of the 
bearing is at A. On the top of the bearing 
is a grease chamber B, covered with a 
hinged cap. ‘The bearing is shown with 
two holes, CC, for holding-down bolts, 
this construction being used the 
bearings are supported on wooden beams. 
If the supporting beams are of steel, the 
bearing is made with four holes C for the 
holding-down bolts. 

A bearing provided with a cap is shown 
in Fig, 192, which shows the side elevation 
and plan view. In this case the two 
halves can be babbitted at A and JA’, but 
as all the pressure is on the lower half 
there is no occasion to babbitt the top 
half, and it is better to leave a space 
there for lubricating grease. The advan- 
tage of the split bearing over the solid 
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first, but should be tightened a little at a 
time, until it stops leaking, so as to run 
no risk of bursting the cylinder. Dry 
packing that will swell when it gets 
soaked with water should not be used, if 
it is there will probably be trouble. 

The sheaves of horizontal elevator ma- 





FIG. 190 


revolve on it, as is done in the traveling 
sheaves, but this construction is not so 
desirable because the sheave if loose on 
the stud could in time wear the center 


hole out of true so as to wabble badly. 
In traveling sheaves of horizontal ma- 
chines 


this construction in unavoidable, 





form is that if at any time it becomes 
necessary to remove the sheave, all that 
is necessary is to remove the caps and 
lift out the sheave. 

In a previous article attention was 
called to the fact that the overhead beams 
on which the above bearings are held can 
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spring out of line, or get displaced 
through the settling of the walls of the 
building. If in any way the beams get 
displaced, the sheave bearings are almost 
sure to be thrown out of line, with the 
result that they will bind at one side or 
the other and thus run hard, and possibly 
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heat enough to cut. For the purpose of 
preventing trouble in this way the Otis 
company makes the ball and socket bear- 
ing shown in Fig. 193. The sleeve B is 
turned to spherical form and sits in a 
spherical seat that bears at the points 
B’ B’. With this construction it makes 
no difference how much the supporting 
beams get out of position because the cen- 
ter part B will swing around on the sur- 
faces B’ B’ until the bearings are in per- 
fect alinement with the shaft. In this 
bearing only the lower half is babbitted, 
as indicated at A. The upper half is 
cored out to hold the lubricant. The 
clamping bolts E pass through openings 
E’ in the two halves of the sleeve B, that 
are large enough to permit the bearing to 


























FIG. 192 


swing more than it is ever likely to get 
out of line in actual service. 


GREASE PREFERABLE FOR LUBRICATION 

Grease is used in preference to oil for 
lubricating the overhead sheaves, because 
as the velocity of rotation is very low, a 
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hard lubricant answers every purpose, and 
it is cleaner, there being much less danger 
of the drip dropping down on the elevator 
car; nevertheless, drip pans should always 
be provided. 

In every form of elevator thus far de- 
scribed, and in fact, in all types of hy- 


. draulic elevators, if they run at high speed 


it often happens that when the car is 
stopped suddenly on the down trip, the 
water flowing out of the valve chamber 
into the discharge pipe will not reduce its 
velocity as fast as the valve is closed, the 
result being that the water is drawn away 
from the end of the valve, forming a vac- 
uum at that point. The vacuum, together 
with the friction of the water flowing 
through the pipe, soon brings the column 
of water to a state of rest, and then the 
vacuum draws the water back, and in 
rushing in to fill the vacant space it strikes 
a violent blow against the under side 
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FIG. 193 


of the valve, which does the latter no 
good, and in addition produces objection- 
able noise. To prevent this water ham- 
mer, all high-speed elevators and some 
of not very high speed are provided with 
a relief valve connected with the dis- 
charge pipe just beyond the end of the 
main valve casing. A valve of this type 
is shown in Fig. 194. The body of the 
valve is shown at A, and B is the cap, a 
top view of which is shown at C. This 
cap has openings E, on each side of the 
center, and in the center it is bored at D 
to fit the stem of the valve, the latter 
being shown at F. To assemble the valve 
the head F’ is removed from the valve 
stem, and then the latter is slipped 
through the center holes in the cap B; 
then a helical spring is slipped over the 
valve stem and compressed in order to 
replace the head F’. Next the cap B, 
with the valve in place, is screwed into 
the top of the casing A,-the lower end 
of which is screwed into the discharge 
pipe. 
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The Weathering of Coal 


Bulletin No. 17 of the engineering ex 
periment station of the University o 
Illinois, treating of “The Weathering o 
Coal,” by S. W. Parr and N. D. Hamil 
ton, has just been issued. The bulletin 
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FIG. 194 











relates to the losses in fuel values which 
accompany storage under various condi- 
tions. The results of tests outlined in 
this bulletin add materially to the infor- 
mation hitherto published. Deterioration 
has been studied with samples maintained 
in varying conditions. 
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Home-devised Electric Hoists 





By H. R. Mason 





About five years ago a power company 
being about to store several thousand tons 
of coal asked the engineer to devise means 
for handling it which should be cheaper 
than hand labor. The resources were 
rather limited, the most suitable equip- 
ment on hand being an old to-horse- 
power bipolar motor and a small con- 
troller which had done service on a crane. 
There was purchased a cast-iron drum, 
about 15 inches in diameter, mounted on 
a shaft which also carried a worm-gear. 
An extension was coupled to the motor 
shaft to drive the worm and the apparatus 
were assembled on a stout wooden frame. 
























































FIG, I 


A plan view of this arrangement is shown 
in Fig. 1. There were also procured 
about 200 feet of %-inch steel rope, a 
snatch-block, an ordinary drag-scraper, 
such as is used in grading, and a light- 
weight telegraph pole. These were lo- 
cated where the coal was to be stored, 
as shown in Fig. 2. The pole was not 
set in the ground, but was held upright by 
guly-ropes, so it could be moved readily 
from place to place. To facilitate unload- 
ing, the company had the coal delivered 
in side-dump cars as far as possible. 
After the coal was dumped on the 
ground, one man planted the scraper 
where it would be most efficient and an- 
other operated the controller to wind the 
Steel rope on the drum. The coal was 
dumped from the scraper near the pole 
and the motorman then reversed the 
drum, paying out slack as the other man 
dragged the scraper back. As the return 
trip was down hill it was not laborious, 
and by working in relays at the scraper 
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four men could handle and store as much 
coal as would have required fifteen or 
twenty men to turn it over by hand. It 
was an easy matter to build the piles from 
20 to 25 feet high at an expense of about 
7 cents per ton. 

experience, 


This however, convinced 
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(not by a jerk) it could easily be made to 
part a %-inch steel rope. 

On one memorable occasion the motor- 
man became confused when the bucket 
had nearly reached the top and turned 
the controller to the full-speed position 
instead of off. The cylindrical steel 
bucket, 36 inches in diameter by 40 inches 
deep, loaded with about 2500 pounds of 
rock, struck the top of the derrick with 
tremendous force, became unhooked and 
fell back down the shaft. The hook on 
the end of the cable was unable to pass 
through the guard on the top sheave and 





FIG. 2 


the engineer who designed the lay-out 
that worm-gears are not suited to trans- 
mit power at high speeds, unless very 
carefully designed and fitted; so that 
shortly afterward, when he was called 
upon to furnish a hoist to lift rock and 
sand out of a 100-foot shaft, he employed 
a different scheme. A discarded 35-horse- 
power railway motor was bought, com- 
plete with controller, resistance and gears, 
and a larger and heavier drum was pur- 
chased, with a shaft of the same diameter 
as the car axle from which the motor was 
taken, the motor frame being equipped 
with journal boxes to fit a shaft of that 
Gimension. The parts were assembled on 
a heavy timber framework, as shown in 
plan in Fig. 3. One flange of the drum 
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one side of the derrick, which was well 
anchored, broke loose. Before the der- 
rick became overbalanced, the hoist broke 
from its fastenings and climbed up on the 
cable about five feet, when the wires sup- 
plying current to the motors parted and 
stopped the performance. No one was 
hurt, as the men below were working in 
a side drift, and the motorman was on 
the safe side of the hoist. 

Later an additional hoist was required 
on an extensive construction job, and a 
similar outfit was built, with the addition 
of a capstan on an extension of the shaft 
and provision for throwing the drum in 
or out of gear. This also gave satisfac- 
tory service. 

Railway motors will withstand an al- 






































FIG. 3 


was faced to accommodate a brake-band 
of heavy sheet steel lined with leather, 
and 3%-inch steel cable was used on the 
drum. This outfit was capable of develop- 
ing an astonishing amount of power. It 
could pull several loaded freight cars up 
a considerable grade, and by a steady pull 


most incredible amount of hard usuage, 
such as reversal at full speed and hun- 
dreds of per cent. of momentary overload, 
and in my opinion where electric power 
is available an electric hoist, even one 
of the primitive types discussed herewith, 
is far more satisfactory than steam. 
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from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 
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Salient Principles of Roller 
Bearings 


In the December number, beginning on 
page 808, there is a very interesting 
article by J. F. Springer on the “Salient 
Principles of Roller Bearings.’ While 
much of what is said is true, there are 
nevertheless a number of misconceptions. 
The assertion is made that: “Balls 
practically make point contacts only, 
whereas rollers contact along straight 
lines. This disparity is enormous. 
From this circumstance it follows that a 
roller is not only a better load supporter, 
but an immensely better one.” 

This is a very natural conclusion to ar- 
rive at, since at first thought anyone 
would expect a line to give a better sup- 
port than a point. The only trouble is 
that in an actual bearing we do not deal 
with lines or points, but with surfaces. 
No material that we know of will support 
any load without compression. It follows 
that when loaded a ball will rest, not on a 
point but on a surface; such surface 
will be circular in outline if the balls 
rest on a plane surface. Similarly, a 
roller when loaded will rest, not on a 
line but on a surface which will be rec- 
tangular in outline, if the roller rests ona 
plane surface. Actual measurement has 
demonstrated the correctness of mathe- 
matical reasoning in showing that the 
areas of these sustaining surfaces are sub- 
stantially equal when the ball and roller 
are made of the same material, provided 
the roller length is equal to the roller 
diameter and that is equal to the ball 
diameter. Most emphatically, therefore, 
it is absolutely a fact that a ball and roller 
of equal accuracy have equal carrying 
capacity for equal dimensions. So far, 
therefore, the honors are even. 

Mr. Springer says correctly: “It is 
quite true that the spherical form of 
bearing is probably the least destructible 
of all forms.” The ball must therefore 
be superior to the roller. 

Furthermore, accuracy of shape is very 
essential in a rolling bearing, whether the 
rolling members are balls or rollers. 
When really hard steel is under consid- 
eration (and other material cannot be 
considered for first-class work) accuracy, 
as between rollers or balls in each bear- 
ing set, to a limit of two ten-thousandths 
of an inch total variation is essential for 
a distribution of load over the balls or 


rollers on the loaded side. Rollers as yet 
cannot be commercially produced within 
that limit of accuracy, but balls are so 
produced. 

Every reader can readily determine 
these facts by taking the best made roller 
bearing to be had and, measuring the rol- 
lers at various sections, compare them 
with one another, then taking ball bear- 
ings (which need not be the best made) 
and compare the balls. It is my business 
to and / know absolutely that no roller 
bearing that can be bought in the open 
market can compare in accuracy and uni- 
formity of rollers with the accuracy and 
uniformity of balls in ball bearings now 
on the market. To any one sufficiently 
interested I would suggest writing to 
























































BALL BEARING WITH ELASTIC SEPARATORS 


manufacturers of rollers and of balls, 
asking prices per thousand, specifying that 
the rollers must not vary in diameter 
more than two ten-thousandths of an 
inch and specifying a similar accuracy for 
the balls. 

Again it is stated, and truly: “Another 
marked difference between rollers and 
balls is the fact that, however a ball may 
be twisted or turned its effectiveness of 
bearing is ever the same.” Surely this is 
a not inconsiderable advantage of the ball, 
particularly in view of the seriously dele- 
terious influences which tend to twist a 
roller out of its only correct position— 
influences which are very ably and cor- 
rectly presented at length in the article in 
question. After citing the influence of 
unavoidable inaccuracies in slewing the 
rollers, and assuming for the moment the 
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acknowledged as impossible accurate 1 
ler, the article shows that the existen 
of a load acting a little more at one end 
than at the other must still cause this in- 
terference with the correct action of the 
roller; but the ball, having no length, can- 
not be and is not so affected by the load. 

Partial remedies for this roller defect 
are cited: “By means of the roller cage 

, and by shortening the rollers and 
controlling the alinement by transverse 
guides.” The roller cage and the trans- 
verse guides do restrict slewing to some 
extent, but in so doing are in sliding con- 
tact with the rollers under pressures due 
to this slewing; pressures, moreover, 
which are not inconsiderable and which 
materially increase the frictional resist- 
ance, the avoidance of which is the object 
of roller employment. Shortening the rol- 
lers will reduce such of this trouble as 
may be due to roller length. Then why 
not be logical and follow this conclusion 
to its final issue by using the ball, which 
has no length, as a disturbing factor, re- 
membering that, size for size, the ball and 
roller have equal load sustaining capacity? 

Mr. Springer advocates the employment 
of rolling separators between adjacent 
rolling members, so that these are in 
rolling contact only with one another, 
stating that he has demonstrated the pres- 
sure between such members to be very 
considerable. 

An account of the demonstration would 
be very interesting indeed, as it is abso- 
lutely counter to my experience gained 
in two years’ continuous experimental 
work in this field, and the additional ex- 
perience gained by many years of prac- 
tical work. I will refer to a construc- 
tion of ball bearing in which elastic non- 
rolling members are introduced between 
adjacent balls (for certain structural 
reasons foreign to the points under dis 
cussion). These elastic members will be 
compressed by a few ounces of load. Yet 
such: bearings have for more than four 
years been carrying a load of twenty-six 
tons of rotating weight on two journals 
of one row of 2%-inch balls, each at 500 
revolutions per minute, in the fly-whee! 
equalizers of electric mine hoists. What 
would become of these elastic separator 
with their few ounces of resistances under 
the alleged great pressure between the 
balls? Does Mr. Springer believe such 
use possible for rollers of similar diameter 
and any length, or with any roller bea: 
ing of any size; or can the existence of 
any roller bearing in similarly exacting 
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ntinuous service be referred to? <A 
)ss-section of these bearings is shown in 
accompanying sketch. 

Any one at all familiar with the noisy 

ining of rollers at high speeds would 
be interested in the operation of a steam 
turbine and direct-connected generator set 
with which I am familiar and which is 
mounted and running quietly in many in- 
stallations on ball bearings. Noise in a 
plain bearing means “the deuce to pay;” 
it does so none the less in any other bear- 
ing; its absence is a direct measure of the 
quality of the bearing. As actual prac- 
tice under extreme conditions is worth 
more than reams of discussion, I close 
with these references to such practice and 
shall be pleased to show any one inter- 
ested enough to pay me a visit (the editor 
will supply my address) ball bearings on 
grinding spindles making many thousands 
of revolutions per minute while grinding 
holes true and parallel to within one ten- 
thousandth of an inch, plus or minus, and 
doing that day in and day out, as a com- 
mercial proposition—a feat impossible 
with any roller bearing and difficult for 
the plain bearing painstakingly kept true 
and requiring much power to drive. 

Henry Hess. 
Philadelphia, Penn. 





Testing Lubricants 





Che writer read with considerable inter- 
est James E. Noble’s article, on pages 41 
and 42 of the January 14 number, on 
“Simple Methods of Testing Feed-water 
and Lubricants.” While on the whole his 
suggestions, for ordinary engine-room 
practice, are excellent and easily under- 
stood, where accurate comparative results 
are desired it would be well to conduct 
such tests so as to conform to the prac- 
tice generally used by oil inspectors. For 
instance, in taking the cold test of a num- 
ber of samples of oil it is quite important 
that the bottles containing the samples 
should be of the same size, and each bot- 
tle should contain about the same amount 
of oil (one-fourth or one-third full is 
enough). Also, the samples should be 
left in the freezing mixture until they 
have become thoroughly congealed. It is 
customary to use regular four-ounce oil- 
sample bottles for this purpose. 

It will be readily understood that if 
two samples are placed in the freezing 
mixture, one in a bottle two or three 
inches in diameter and the other in a nar- 
row test-tube or vial, the latter would 
become congealed very quickly, while the 
former would require several times as 
long to solidify. Then, if the samples 
were taken out and tested as soon as the 
smaller sample was seen to be congealed, 
the larger sample, owing to its greater 
mass or volume, may be only partly con- 
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gealed, thus giving the impression that 
it was the lower in cold test. 

It is also quite important, if accurate 
results are desired, to leave the ther- 
mometer in the sample while freezing. If 
not put in until afterward, the ther- 
mometer, being of the same temperature 
as that of the room, say 75 or 85 degrees 
Fahrenheit, will melt the oil that it comes 
into direct contact with and cause it to 
flow at a different temperature than it 
otherwise would. 

When the sample has become thor- 
oughly congealed, as indicated by the in- 
ability to move the thermometer in the 
oil, take the bottle from the freezing mix- 
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FIG, I 


ture, hold it in a horizontal position in 
one hand, and as soon as the oil becomes 
soft enough begin to stir it with the ther- 
mometer. The temperature of the oil, as 
shown by the thermometer, when it be- 
comes fluid enough to flow, is taken as 
the cold test. Rightly speaking, however, 
it should be called the “melting test.” 

If there are but few occasions to make 
such tests, the freezing mixture given by 
Mr. Noble is about the best and simplest, 
but if it is necessary to do a great deal 
of this work, the following is an excel- 
lent method: Place a small drum of 
anhydrous ammonia in a cool place out- 
side the building, where it cannot be tam- 
pered with; then put a coil of one-quarter 
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or three-eighths-inch iron pipe in the bot- 
tom of a small wooden tub or pail (an 
indurated-fiber pail answers nicely), and 
connect the coil to the drum with extra- 
heavy iron pipe and ammonia fittings; 
extend the discharge pipe from the coil 
outside the building or into the chimney 
flue. To operate this, place the samples 
to be frozen on the coil in the pail, fill 
the pail with ordinary kerosene, up to the 
necks of the bottles. Open the ammonia 
valve slightly and allow the ammonia gas 
to flow through until the oil in the bot- 
tles has solidified. 

It may be of interest to know how to 
tell the “melting point,” as it is called, 
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FIG, 2 


of greases. There are two simple meth- 
ods of doing this. One is to slip a ther- 
mometer through a hole in a cork which 
fits into a test-tube, or small bottle, smear 
a thin coating of the grease on the bulb 
of the thermometer, and put the latter in 
the test-tube or bottle, as shown in Fig. 
1. Heat the tube slowly, when the tem- 
perature as shown by the thermometer 
when the grease forms in a drop on the 
end of the bulb is taken as the “melting 
point.” 

Another method is to melt some of the 
grease to be tested and draw a small 
amount up into a glass tube about one- 
sixteenth of an inch in diameter. The 
tube should be about three inches long, 
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the grease extending about an inch up- 
ward. Fasten the tube to the ther- 
mometer by means of a piece of string or 
a rubber band, and suspend the two in a 
glass beaker or tumbler of water, Fig. 2. 
Heat it slowly, and the temperature at 
which the grease becomes soft enough to 
rise up in the tube, due to the pressure 
of the water, is the melting point. 
W. M. Davis. 
Boston, Mass. 





Return Tubular Boilers 


When a number of horizontal return- 
tubular boilers are made from material 
showing uniform tensile strength, duc- 
tility, etc., going through the same hands 
and the same process, it would be reason- 
able to suppose that they would give ap- 
proximately identical results in regard to 
the number of years of useful service. 
Every steam user, however, knows that 
such is far from being the case. 

Some of these boilers will give excel- 
lent service for twenty years or more and 
still be practically as good as ever, while 
others will have been patched, tubes 
rolled, braces broken and replaced in short 
order. Who, or what is to blame for 
such difference in results? Certainly not 
the manufacturer. Of course the most 
carefully designed boiler may, and does 
leave the shop sometimes with some hid- 
den defect, as for instance a slight crack 
in the plate that may develop into a se- 
rious condition, but aside from this when 
a boiler of this type begins to show signs 
of distress it is pretty safe to say that it 
has been abused in some way or other, 
and the attendant is generally to blame 

If damage to a boiler is caused through 
ignorance, I should say the owner or em- 
ployer is to blame for hiring help at wages 
that leave competence out of the question. 
If through carelessness or neglect then of 
course the man in charge of the boiler is 
guilty. 

An abused boiler will show many differ- 
ent defects and engineers will give as 
many different opinions as to the cause, 
because the same cause may have differ- 
ent results, unless other conditions inside 
and out are identical. Nearly all defects 
this kind of boiler is heir to are caused 
by overheating or unusual expansion and 
contraction, the latter often a direct re- 
sult of the former. The injury may be 
done while running, or after the fire is out 
and the boiler shut down for cleaning. 
The latter sounds unreasonable, but it is 
sometimes done. Time for washing out 
may be very limited and as soon as the 
fire is out or nearly so, the damper is 
closed to “protect” the boiler from any 
cold draft. With the damper closed it 
takes at least ten hours for steam and wa- 
ter to come down to 212 degrees, and to 
hasten proceedings the boiler is blown 


POWER 


down under pressure of say 40 pounds. 
The temperature inside of the empty shell 
is then 287 degrees, and how much this 
will be increased by the hot brickwork 
is a matter of guess. 

At this stage of the game some will 
take such drastic measures as to refill 
the boiler with cold water in order to cool 
it off, and the damage is done. Imagine 
cold water rising slowly at a temperature 
of about 70 degrees in a hot, empty boiler. 
As soon as the bottom row of tubes is 
reached there is a sudden reduction of 
217 degrees or more, and the tubes con- 
tract correspondingly. The enormous 
strain tends to pull them out of the rigid 
heads braced by the row of tubes imme- 
diately above and this is repeated for 
every successive row. If such treatment 
does not start tubes leaking nothing will. 

In a battery of two or more boilers the 
brickwork radiates more or less heat from 
adjacent furnaces, even if the boiler in 
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ed while the fire is burning, and for the 
same reason may be suddenly reduced to 
a temperature even below that of the 
water and damage of some kind may re- 
sult. It. takes a considerable deposit of 
scale, however, to cause overheating, but 
should it be of a greasy nature a very 
light coat is often sufficient to effectively 
insulate the metal from the water and a 
bag or blister if nothing more serious i: 
the result. 

The following experience in a bad case 
of this kind may be of interest. Th« 
plant in question had a battery of thre 
externally fired boilers 18 feet by 60 inch- 
es. The lower half was made up of tw 
sheets, the girth seam running a foot or 
so beyond the bridgewall. On examina 
tion the sheets above the grates and 
bridgewall were found burnt and bagged 
to such an extent that they resembled 
corrugated furnace flues. Repairs to thos« 
plates were out of the question and o 


_ Exhaust 



































To Pump 


\ 








COMBINATION HEATER AND RECEIVER 


question has been dead for days. I believe 
it good practice to refill a boiler after 
cleaning with hot water when possible. 
At least the writer has not experienced 
a single leak of any kind in neither tube- 
sheets or seams after adopting this prac- 
tice. Some will say that a stream of cold 
water from a hose while cleaning is just 
liable to cause damage. 

Possibly, but such action is not exactly 
the same as when the jet strikes a surface 
it is broken up and the water is scat- 
tered and not confined to any one part of 
the boiler. 

If the damper in the above case had 
been left open the boiler and setting 
would have been cooled off in an hour or 
two without any damage, as the water 
inside would protect the metal exposed 
to the cold draft from any sudden con- 
traction, i. e., if the boiler was in rea- 
sonably good condition. If badly scaled, 
however, it presents a different proposi- 
tion, as some parts may then be overheat- 


cutting out the same several of the rivets 
in the girth seams were found broken 
The inside of these boilers were covere: 
with a dark brown deposit from % to '- 
inch in thickness below the water line. 
It being only too plain that the greater 
part of the deposit was grease or oil, | 
undertook to ascertain the cause for such 
a condition. There was a small oil ex 
tractor on the exhaust pipe, but the dis 
charge from this was operated by hand 
and evidently had been entirely neglected 
Following the exhaust pipe to the feed- 
water heater, it was emptied for examina 
tion and in doing so two big buckets of a 
liquid that looked like a mixture of grease 
and oil was drawn from the closed heater 
through the pipe A. As water from a hos 
had no effect on such stuff a big dose of 
caustic soda was dumped in through th 
hand-hole, the heater filled with hot wa 
ter and exhaust steam turned on to boil 
it out. A second treatment of caustic 
soda left the heater clean. 
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The construction of this combination 
heater and receiver is shown in the ac- 
companying sketch, the outside shell serv- 
ing as a return tank and supply for the 
feed-pump, It seems that the heater in itself 
acted as an oil extractor, the oil and con- 
densed water running down in the feed 
supply whence it was pumped into the 
closed heater and, of course, found its 
vay into the boilers. 

[t is quite a job to get rid of air in a 
oiler after it has reached the lower 
parts. The best way is probably to fill 
up with a strong solution of soda ash or 
something similar, and leave the manhole 
open and start a slow fire and keep boil- 
ing for a day or two, then use a hose with 
good pressure at the nozzle in washing 
out. 

An externally fired boiler of the ordi- 
vary horizontal return-tubular type should 
be the last to show any signs of distress, 
as it is very easy to clean compared with 
other makes, and if kept clean is not 
subject to unequal expansion or contrac- 
tion under ordinary care, neither is over- 
heating possible under such condition. 
Even a case of low water should have no 
serious results if properly met. Still de- 
fective boilers of this kind are only too 
frequently met with, but as already said 
the defects are generally results from 
abuse and neglect and absolutely inex- 
cusable in many instances. 

R. CEDERBLOM. 
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Chicago, IIl. 





Faulty Indicator Diagrams 


Herewith are submitted two indicator 
diagrams from a 12x18 Russell engine, 
with boiler pressure at 80 pounds, spring 
pressure at 40 pounds, and running at 185 
revolutions per minute. This engine sud- 
denly began to knock, so I took up all 
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the bearings until they ran warm, and 
carefully tested for leaky piston rings, 
etc. The fly-wheel, governors, etc., are 
in fine condition. 

| would like to hear from Power read- 
ers what they think about the diagrams. 

J. C. F. 
Portland, Me. 
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Packing Valve Spindles 


Packing valve-spindles under difficul- 
ties is not an uncommon thing with many 
valves of different makes. The trouble 
generally lies in the fact that the con- 
struction has not been extensively studied 


























A VALVE THAT CAN BE PACKED WIDE OPEN 
or experimented with for the problem of 
packing, such as the engineer has to con- 
tend with. 

The wedge of a gate usually 
shuts off the steam, not on both sides, 
but only on one side, which explains the 
unequal wear of the wedge sides and 
seats. It acts more like a slide valve in- 
stead of a gate valve. With time-worn 
valves through which the steam has been 
constantly flowing in one direction, the 
side of the wedge and seat toward the 
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ing. If it is claimed of a valve that 
it can be packed wide open, it should be 
constructed so as it can be, i.e., when the 
valve-spindle or screw is brought with full 
power either a stem or a 
sleeve will rest against a stuffing-box and 
keep it steam-tight. 


wide open, 
According to exper- 
ience flat collars, as usually seen in gate 
valves, do very little toward accomplishing 
this end. A bevel seat as shown in the 
sketches at A will be found more satis- 
factory in the long run. 
Utricu PETERS. 
Pittsburg, Penn. 





Engineers’ Licenses 


The editorial on “Engineers’ Licenses,” 
in the January 28 number, appears to me 
as if the writer had not fully considered 
the subject. The comparison between the 
engineer and a physician is far-fetched. 
Even admitting the physician is not 
graded, I contend he should be. What a 
farce it is to allow a man to be turned 
loose on the community, to experiment 
upon the public, simply because he has 
graduated from a medical school. Mechan- 
ical engineers are graduated by the hun- 
dreds every year, but one would not con- 
sider them as fit to be turned loose to 
take charge of steam plants as licensed 
engineers, even though 
low-grade licenses. 


they have only 

Experience is the only teacher we are 
bound to acknowledge as thorough. The 
physician should be compelled to serve in 
a hospital under more experienced men 
before he is deemed eligible to practice 
in all cases. The engineer with a low- 
grade license has an incentive to work, 
but unless he has the ambition to go 
ahead he will never become competent to 
take charge of the greater number of 
steam plants. As to compensation, this is 
a matter of circumstances. I 


will ac- 





FAULTY INDICATOR DIAGRAMS 


pressure line will not fit both seats on ac- 
count of the rapid cutting of steam at 
high pressure. A certain amount of 
steam leaks past into the valve body, 
which might under circumstances be so 
great that the vent in the bonnet sug- 
gested by a recent contributor may not 
sufficiently relieve the pressure for pack- 





knowledge that greater recompense is re- 
ceived in some cases where no law exists, 
but it is a well-known fact that engineers 
in this State are farther advanced in 
learning and receive more salary than 
they did previous to the passage of the 
law. It seems to me that compelling a 
man to know more must be helpful. 
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The reference to the owner is one that 
makes me smile a little. Why, the ma- 
jority of owners, or those who directly 
represent the owners, care very little 
about cost; it is too much of an effort 
to bother with costs. If the question of 
payroll comes up, they are right at home, 
but that is about as far as the average 
man Offer the owner a guarantee 
that you can save him two dollars for the 
expenditure of one and he will tell you 


sees. 
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its cost will be small. In fact, it would 
not take long for the saving in water to 
pay for the construction of the reservoir. 
H. F. Parsons. 
Columbus, O. 





Cow-power and Horse-power 





It is well known that cows and horses 
expend a vast arrount of energy during 
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that he cannot afford to expend the one. 
SELKEY. 
Lowell, Mass. 





Water Supply for Gas-engine 
Plants 


One of the most important factors en- 
tering into gas-engine operation is the 
water supply for cooling the cylinders. 
This should be of an unfailing source, 
as an insufficient amount, or a temporary 
loss of jacketing water, will force a 
shut-down of the plant, and if the en- 
gineer is not alert damage may be done 
to the engine cylinder. Engines are be- 
ing constructed at the present time in 
sizes far in excess of the horse- 
power which one naturally couples with 
gas-engine operation that the water 
supply can no longer be confined in a 
small tank, placed almost anywhere. 

Because the water supply is obtained 
from a city or town pumping plant is 
no safeguard against a shut-down. It 
is only recently that I visited a gas- 
engine plant of 250 horse-power capacity, 
which was idle because the water-works 
pumping engines had failed. The fact 
that there were three pumps in the pump- 
ing station did not relieve matters, as 
all three were out of commission. 

The larger the installation, the greater 
need that a water supply be always at 
hand. This may be brought about by 
constructing a reservoir having cement 
bottom and sides in which a supply of 
water may be stored. Such a reservoir 


so 


is shown in the illustration and requires 
no further description. 

The expense of construction will be 
small in comparison with the loss which 
is liable to occur from a shut-down, and 
as the water can be used over and over, 





fiy time in removing flies and mosquitos 
from their hides. These animals swing a 
ponderous tail at great velocity and mo- 
mentum against the offending insects. 
The energy expended is far in excess of 
that required for the removal of the in- 
sect. It has been estimated that the cows 


and horses in the United States expend 
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animal’s tail. Whenever the animal’s tail 
is moved the armature of the generator 
is revolved and a current produced, whic! 
is stored in a storage battery. When th: 
cows and horses are taken to the stable 
in the evening, these batteries are re 
moved and their combined energy is uti! 
ized for milking the cows, grinding th 
feed, pumping the water and charging 
the farmer’s automobile. 

Of course, the amount of energy pr 
curable from these animals will vary with 
the hight of the fly-time season, being 
small at the beginning and at the end of 
the season and reaching a peak load in 
the middle. In order to overcome this 
difficulty, and insure, as it were, a con- 
stant power, it is proposed by Mr. Gues- 
sit to attach to the animal’s side a small 
spur, which will be operated from time 
to time by an electro magnet and perform 
the function of a teaser or exciter. In 
other words, the spur will take the place 
of the fly and mosquito during the winter 
time. 

Mr. Guessit has applied for letter pat- 
ent covering this useful invention. 

The illustration is not quite exact, since 
it represents one of Mr. Guessit’s earlier 
adaptations of this important principle. 
It will, however, suggest to the reader 
many useful ideas. ‘i 


























AN IMPROVED METHOD OF OF UTILIZING WASTED ENERGY 


about 3,385,000 horse-power 
season. 

The idea occurred to the inventor, Mr. 
Ananias R. Guessit, that this wasted 
energy could be utilized. As the result 
of much patient thought and investiga- 
tion, Mr. Guessit has produced a machine 
somewhat similar to that in the illustra- 
tion shown herewith. He mounts a small 
generator upon the animal’s back, the 
generator being in connection with “he 


during fly 


Mr. Guessit is of the opinion that the 
energy recoverable from the tails of 
cows and horses will not only be suffi- 
cient to perform the work heretofore de- 
scribed, but also to plow the fields and 
reap the harvest. 

We await with great interest the fur- 
ther developments of Mr. Guessit’s most 
interesting problem. 

Jay M. WHITHAM 

Philadelphia, Pa. 
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Use and Abuse of 
Boiler 


the 


Steam 


\ great deal has been said and written 
pon the subject of the use and abuse of 
e steam boiler, but I doubt very much 
a more striking example of gross ig- 
of the elementary principles of 
is subject, and criminal negligence of 
he factor of human safety, could be 
found than one which came under my 
personal observation several days ago, 
ind of which the accompanying sketch 
will give an idea. This heating system 
in question was designed and erected for 

small factory building by a so-called 
engineer. The building is one story high, 
except for a small portion of the front. 
where there is a second floor occupied by 
the main offices. The boiler and fire room 
is located seven feet below the level of 
he first floor, in a small areaway beneath 
the sidewalk. Coal is duntped into and 
ashes hauled out of the fire room through 

manhole. The boiler was bought 
second-hand. It is of the return-flue 
type, and is set in brickwork in the usual 
manner. It is so close to the rear wall 
of the areaway that it is impossible for a 
man to enter by way of the manhole in 
the rear end of the boiler, therefore the 
date of its last cleaning is shrouded in 
obscurity. 

The boiler is filled by city water supply 
pressure, when the steam is low. It is 


rrance 


fitted with a water column, gage-cocks, a 


Check- 


safety valve and a steam gage. 
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it. From the T below the safety valve 
the pipe rises vertically to the ceiling of 
the rooms on the first floor, thence to 
all the radiators, and then returns to the 
boiler. The wisdom of the designer is 
further shown by the fact that the pipe 
leading to the radiators and the heating 
coils, in other words, the main line, is 
the same size at the boiler as at the ex 
treme end of the building. The owner 
informed me that it took from three to 
four hours to get steam into the last 
set of coils, and that in cold weather it 
is next to impossible to heat the building. 
He also said that he did not know when 
the boiler had been cleaned, what pres- 
sure was kept up, when the steam gage 
had been tested, or how many years the 
boiler. had been in service. In his own 
words, he “didn’t know a darn thing 
about it.” There is no regular fireman. 
Steam is kept up (when it is kept up) 
by whoever finds it most convenient. 

The owner regards the fuel bills as be- 
ing a “trifle high,” and he has been figur- 
ing on remodeling the system, converting 
it into a hot-water heating plant. 

F. W. B. 


Springfield, III. 





An Aijr-lift Problem 


The suction pipes of our circulating and 
supply pumps are connected as shown in 
the accompanying sketch. The outer one 
is 8 inches and the inner 3 inches in diam- 
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ILLUSTRATING THE 


valves were a fixture the designer was 
unfamiliar with, therefore he left them 
off, rather than run any risk. The same 
be said of the blow-off. 

[he safety valve is attached to the 
iler by a short length of pipe, a T and 
a nipple. The outlet of this safety (?) 
valve is closed with a threaded plug 
screwed tightly in place. The weight has 
been lost or thrown away; brobably the 
Owner never could figure out any use for 
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ABUSE OF A BOILER 


eter. The air is admitted through a %- 
pipe. With an air pressure of 20 
pounds per square inch the pump dis- 
charges 10 gallons of water at intervals 
of 10 seconds. After the water contained 
in the large pipe is discharged through 
the inner one, the air has a 3-inch outlet 
to the atmosphere for an instant. This 
permits the water to enter through the 
foot-valve and it takes the %-inch air 
inlet 10 seconds to build up enough pres- 


inch 
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sure to discharge again. I think its opera- 
tion depends on the comparatively small 
size of the air pipe. What do other 
Power readers think of it? 

This lift is used to get drinking water 
when the steam plant is idle, about ten 
months in the year, our power being 
generated by of water turbines. 
The lift could not lay any claim to econ- 
omy, 


means 


but would raise water to a greater 
hight out of a given well than an ordinary 
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Pohle lift, as the pipes do not have to be 
more than one-half under water as in the 
Pohle 

FRANK W. CERNY. 


Mesa, Arizona. 





A Peculiar Dynamo Trouble 


sefore making repairs on two 100- 
kilowatt, compound-wound, direct-current 
generators of 250 volts, we were obliged 
to have the series field windings shunted 
in order to hold down the excessive over- 
compounding. The repairs consisted only 
in turning down the commutators and tru- 


ing up the brushes; possibly increasing 
the area of the brush faces. The result 


was that the voltage dropped from 20 to 
25 volts on regular load and were 
forced to remove the shunts. Can any of 
Power’s readers give me some enlighten- 
ment as to what action took place? All 
other conditions were constant. 


Cc. 8: K. 


we 


Goff, Penn. 
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The Real Factors in Gas Power 


Development 





Gas-power enthusiasts—in whose ranks 
we count ourselves—are prone to lay 
much stress on the old, old story of supe- 
rior thermal efficiency, the gas engines 
claim to which nobody ever dreams of 
disputing. Occasionally a less parroty ad- 
vocate adds the point of smokeless opera- 
ticn, which, also, everybody concedes. It 
reminds us of the time when the incandes- 
cent electric lamp was young and its par- 
tisans bored everyone else by reiterating 
the hackneyed claim of freedom from 
noxious products of combustion, but re- 
frained from a discussion of cost, life, 
and other vital features. Of course, the 
internal-combustion engine inherently has 
a much better thermal efficiency than any 
other heat motor, and operates smoke-~ 
lessly; these facts have been known fer 
twenty-five years or more. But when a 
steam plant is properly designed and oper- 
ated it also operates smokelessly, and 
when the coal bill is something like two 
or three per cent. of the total running 
expenses, what does thermal etfiiciency 
signify? 

The characteristics necessary to put gas 
power where it belongs in this country are 
reliability of operation, simplicity of de- 
sign and moderate cost of maintenance. 
Fuel cconomy is of less importance than 
any of these, and smokeless operation, 
while important in some localities, is not 
a determining factor in the general proh- 
Iem. Realization of the truth and import- 
ance of these propositions is taking root 
rapidly, we are glad to note. Don't let's 
waste any more time and breath on plati- 
tudes; relegate the fuel-economy parrot 
to the limbo of “innocuous desuetnde.” 





Burning Oil and Tar 





The burning of oil and tar has been * 


going on for a great many years in dif- 
ferent parts of the world; perhaps until 
quite recently more extensively in Russia 
than elsewhere. A great many types of 
burner have been designed, but the same 
result is aimed at in all—the complete 
atomization of the oil. This is usually 
accomplished by a steam jet, sometimes 
through the means of compressed air and 
in One instance, at least, by a current of 
air set in motion by a steam jet. A 
critical examination of the several types 
shows one common defect: They all use 
much more steam for the breaking up of 
the oil than is necessary, the percentage 
of the evaporation used to operate the 
burner in some cases reaching Io per 
cent. This is manifestly too much. As 
the steam that enters the furnace leaves 
it without any work beyond atomizing 
the oil, any excess of steam for this pur- 
pose is manifestly wasted. 


February 18, 1908 


To be sure the steam burns. The heat 
of the furnace separates the oxygen and 
the hydrogen, and the hydrogen burns by 
uniting with the oxygen from which it 
was separated, but the heat which it 
generates by such combustion is precisely 
as much as and no more than was ab- 
sorbed from the furnace in the process. 

Where the price of coal is almost pro- 
hibitive, oil is largely used as fuel for 
steam boilers, but it must be said that the 
evaporative results are much lower than 
might be expected from a fuel so rich in 
heat units. This is due, in many in- 
stances, to the excess of steam used in the 
burner and to the excess of air admitted 
to the furnace; both these factors tend- 
ing to reduce furnace temperature. A 
careful study of the conditions in each 
case and an intelligent adjustment of the 
flow of steam and air should materially 
increase the efficiency. 





Another’ Phase of the ‘‘ Ash- 
burning ” Question 





Let us say in starting that there is no 
salt and oxalic acid in this; simply a 
thought as to how much ash it pays to 
handle to get the required amount of fuel. 

Upon the assumption that the value of 
coal is in the heat units which it contains, 
it has been urged that if a coal contain- 
ing two-thirds as much combustible can 
be bought for half the money, the pur- 
chaser will be 33 per cent. ahead, and 
many experts are advocating the buying 
of coal on the heat-unit basis. 

But the ash is not simply a negative 
quantity and has not been accounted with 
when its passage from the bowels of the 
earth to the factory coal shed is paid. It 
costs just as much to get a ton of ash into 
the furnace as it does a ton of coal, and 
when it gets there, instead of helping to 
carry the load as the coal does, it com- 
mences to hang back in the breeching. It 
occupies grate surface and obstructs air 
space; it necessitates the working of the 
fires with interruption of the steaming of 
the boilers, copious indrafts of cold air 
chilling heating surfaces, and inducing 
contraction strains; it melts into clinker 
which fuses to the walls and often carries 
a portion of them with it when it is 
knocked away; it carries into the ash-pit 
not only the heat which it contains above 
that of the atmosphere, but a lot of un- 
consumed carbon more or less intimately 
mixed with it or unavoidably evicted with 
it in the cleaning process. If one who is 
used to fire-room practice will ideally 
compare the results obtainable with a coal 
which would burn all up, and one which 
would leave 25 or 30 per cent. of ash, 
he would see that in the greater amount 
of equipment required for a given service, 
in the additional amount of labor re- 
quired for handling coal and cleaning 
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fires, and repairing furnaces and wheeling 


ashes, he would have a factor which 
would considerably jostle the saving fig- 
ured on the basis of combustible per 
dollar. 

This is not intended to be a stricture on 
the use of low-grade fuels. They can 
often be used with a saving even after 
paying the freight on miles of haulage; 
but the basis of computation should be, 
not heat units but pounds of steam per 
dollar, and the calculation should include 
all the costs of operation and mainte- 
nance, as well as that of the fuel. 





Experience not Always a Teacher 





Few persons profit from the lessons 
taught by the mistakes of others. Every- 
where everybody claims the right to find 
out for himself what is good or bad, safe 
or dangerous, feasible or worthless. If 
—and it should be spelled in capitals— 
IF men would take heed of the conse- 
quences due to the mistakes, blunders 
and carelessness of others, much need- 
less destruction of property would be 
avoided, many lives would be spared, and 
a safer state of affairs would exist all 
around. 

Dynamite is still thawed out on a hot 
stove; the fool with the gun continues 
to pull the trigger while playfully aim- 
ing at some one else; the “I didn’t think” 
specimen will go on jeopardizing the lives 
of his fellowmen, while the legion of the 
“I didn’t know” class will actively engage 
in their occupation of unintentionally ex- 
terminating the human species. 

Gasolene is not a safe agent to handle 
in the vicinity of fire, and-yet the list of 
gasolene victims continues to grow. The 
latest victim coming to our notice is an 
engineer who should have known enough 
about its explosive character to have 
avoided the explosion. It was, as usual, 
a simple case of cause and effect: an engi- 
neer smoking a pipe while rolling a bar- 
rel of gasolene, a spark from the pipe, the 
ignition of the gases and the explosion, 
resulting in a fatally injured engineer, 
whose body was burned and his limbs 
broken. 

There is nothing startling in this; thou- 
sands of worse accidents have happened; 
but the circumstances in this case show 
that men do the very things which it has 
been repeatedly proved cannot be done 
without taking great risk. 

Another instance is where two firemen 
were scalded to death while performing 
their ordinary duties, because a boiler had 
been allowed to become foul, causing an 
overheated and bagged plate which gave 
way. A foul boiler is liable to become 
overheated; experience teaches that an 
cverheated boiler will develop a bagged 
plate; experience has also proved that a 
bagged plate is dangerous. We do not 
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know where the blame should have been 
placed; surely not on the victims, be- 
cause they were under the orders of 
superiors, and doubtless washed out a 
boiler only when directed to do so. 

This latter was another instance of tak- 
ing chances of trusting to luck that things 
would move along without trouble. It is 
merely another piece of testimony to the 
fact that experience is not always a 
teacher. 





The Percentage of Saving 





The word “save” catches the eye about 
as readily as any word in the English 
language, yet the manner in which it is 
sometimes used gives it about as little 
meaning as any word we wot of. If an 
advertisement states that a fuel saving of 
from fifteen to twenty per cent. will be 
gained by using a particular apparatus, 
the reader ordinarily supposes that the 
statement is justified, at least in part, and 
if it is true we are at a loss to account 
for the enormous sums thrown away 
annually for fuel, which could be saved 
were steam users educated to the proper 
degree regarding the fuel-saving devices 
on the market. 

For instance, it may be stated that a 
certain type of furnace and stoker will 
effect a saving of twenty-five per cent. of 
the fuel used in the plant. This looks 
good and has undoubtedly been the 
means of influencing some steam user to 
purchase that particular furnace and 
stoker. Suppose the statement is correct, 
we next find that a certain feed-water 
regulator will bring about “a saving of 
fifteen per cent.,” a certain piston-valve 
“twenty per cent.” a smoke-preventing 
device “ten per cent.’ a feed-water 
heater “fifteen to twenty per cent.,” and 
so on through the list of apparatus used 
in and about the steam plant, all of 
which will reduce the fuel bill a certain 
per cent. It is obvious either that the 
claims of the advertisers are incorrect, or 
they are made to fit certain conditions 
and not the ordinary case. If this is so, 
the statements should be modified to that 
effect. 

One point which the engineer and plant 
owner fail to observe is that putting more 
apparatus into a plant only increases the 
fixed charges, and for this reason the 
saving of fuel which might be effected by 
a particular device is often counteracted. 
If a steam plant is found operating under 
the worst possible working conditions, it 
does not signify that the installation of 
various fuel-saving devices will effect a 
saving in the coal consumption. If an 
economizer is placed in the smoke pas- 
sage between the boiler and the stack, it 
does not mean that it will reduce the cost 
of operating the plant. On the contrary, 
it may be the means of increasing the cost 
of operation, not because the economizer 
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is worthless, but because the conditions 
are such that economy from an econco- 
mizer is out of the question, whereas under 
other conditions it would pay a large 
dividend on the cost of its installation. 
Taking the case of the furnace, it un- 
doubtedly would be a very easy proposi- 
tion to install a new furnace in a plant 
where every known cause for leakage of 
air into the furnace is permitted and 
where the old furnace was improperly 
designed, and make the stated saving; 
but we have well-formed doubts as to the 
furnace making a saving of fifteen per 
cent. in thousands of cases in every-day 
operation. What may be said of one de- 
vice may be said of another. There are 
altogether too many conditions governing 
the possible saving claimed for any ap- 
paratus, and the conservative advertiser 
will think twice before he makes a state- 
ment in black and white that a certain 
percentage of the coal consumption can 
be saved, unless he is thoroughly ac- 
quainted with the situation. Intelligent 
engineers discount all such claims and the 
makers of the devices are usually placed 
in the class of “promoters,” who guaran 
tee something for nothing. The result 
is that the reader passes over such state- 
ments as mere words and it will require 
an immense amount of convincing argu- 
ment to regain the lost confidence. 


What is Meant by Standard ? 


A manufacturer is requested to fill an 
order, some items of which are lengths of 
flanged pipe and flanged fittings. It is 
specified in the order that the flange di- 
mensions shall correspond to the “A. S. 
M. E The order is filled and 
some time afterward word is received 
that the flanges sent are not of the right 
diameter. The bolt circle is wrong and 
the number and size of the bolt holes 
do not with the material 
furnished by other makers, which was 
also ordered “standard.” 

In these days of rapid advancement in 
scientific and industrial fields one often 
wonders if there be anything that can be 
really called standard. By means of im- 
proved machinery a manufacturer in 
Texas has been able to discard half of a 
large steam plant, which half he ships to 
the Congo Free State for a similar plant 
there. Expecting some changes and addi- 
tions he directs his engineer to order 
from some manufacturer a lot of pipe and 
fittings. The stuff is ordered “standard,” 
for the engineer remembers that the word 
was frequently used only a year or two 
previously in ordering pipe and fittings 
for the old plant. When the new stuff 
gets to Africa it is discovered that flanges 
are different from the old ones in diam- 
eter, number and size of bolt holes and 
diameter of bolt circle. 

What is standard, anyway? 


standard.” 


correspond 
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Inquiries 


Questions are not answered unless they are 
of general interest and are accompanied by 
the name and address of the inquirer. 








Power and Current for Incandescent 
Lamps 
How many 16-candle-power lamps can 
a 25-kilowatt dynamo supply, if the lamps 
require 334 watts per candle, and what 
will the total current be at 110 volts? 
y. & BD 


Assuming that the machine will deliver, 
say, 24 kilowatts at the lamps, besides 
supplying the loss in the line, it can carry 
400 lamps. Each lamp requires 3.75 X 
16 = 60 watts, and 24,000 — 60 = 400. 
The total current will be equal to the 
watts divided by volts, or 


24,000 
: “oe = 218. 1818 amperes. 


Horse-power to Compress Air 
How is the power required for com- 
pressing air calculated? 


The formula for the work of compres- 
sing one cubic foot of air from a pres- 
sure P. to a pressure 7 without cooling, 
and expelling it into a receiver at the 
pressure P- , is: 


P- 0.288 
3.47 Pa P —1 |= ft.-/bs. 


The horse-power required to compress 
and expel one cubic foot per minute is: 





sare [ ( z _— I | wn BP. 


The pressures 7s and / are absolute 


pressures per square foot. The pressure 
ratio 


a 
Pa 


may conveniently be represented by JN, 
indicating the number of times by which 
the initial pressure is increased, and the 
initial pressure may be taken at some- 
what less than atmospheric pressure, so 
that : 


3.47 Pa 
33,000 


-= 0,22. 


Sise of Air Compressor and Motor 
Required for Air-lift 

We have a well 800 feet deep and 150 

feet to the water line. What size air 


compressor and what horse-power of 
motor will it take to lift 20 gallons of 
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water per minute 40 feet? How deep 
must the air line be submerged and how 
arranged? What air pressure will be re- 
quired? There is 250 feet of 4-inch cas- 
ing in the well, will this do for discharge? 
W. F. A. 


The air pipe in your well will need to 
be submerged three feet for each two feet 
of lift. It will take about five cubic feet 
of air for each cubic foot of water raised. 
It is better to use for high lifts a pipe 
inside the well casing, with the air pipe 
on the outside of the water pipe, the end 
of the air pipe being turned up inside the 
water pipe. An air pipe inside the water 
pipe increases friction and impedes the 
flow of water. A lift of 200 feet will re- 
quire about five cubic feet of air for each 
cubic foot of water discharged. For the 
small quantity of water you require a 2- 
inch discharge pipe and %-inch air pipe 
would be sufficient. A small compressor 
of 100 cubic feet per minute capacity 
would be ample, requiring four to six 
horse-power to run it. 


Steam Loop for Returning Condensation 
to Boiler 
Please explain the operation of the 
steam loop for returning condensation to 
boilers, and what is the use of the small 
pipe sometimes tapped into the highest 
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SHOWING STEAM LOOP FOR RETURNING 
CONDENSATION 


part of the loop and the other end dis- 
charging against atmospheric pressure 
when the valve in the pipe is open? 
Pr. iE. 

The theory of the steam loop is that 
the riser fills with alternate plugs of water 
and of steam, and is thus lighter than 
the column AB in the accompanying 
sketch, which is of solid water. The 
horizontal at the top should have surface 
enough to condense the plugs of steam as 
they arise there, so that solid water may 
be furnished to the drop leg. Perhaps the 
valve of which you speak is to admit air 
and allow the riser to back down and 
Start Over again in case it ever got filled 
full of solid water. 
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Book Reviews 





EXPERIMENTAL ELECTRICAL ENGINEERING. 
By V. Karapetoff. Published by John 
Wiley & Sons, New York; 1908. 
Cloth; 790 pages, 6x9 inches; 538 il- 
lustrations. Price, $6. 

While this is essentially a college text- 
book, it will be found by the practising 
engineer to be of considerable value as a 
reference book. It contains many funda- 
mental diagrams and diagrams of the reg- 
ular connections of apparatus, besides 
those relating to experimental and labora- 
tory work. The chapters on measurements 
and measuring instruments are especially 
good, although the author falls into the 
prevailing loose habit of calling a watt- 
hour meter a “wattmeter.” The drawing 
on page 261 is defective in that the link 
connecting the core of the series solenoid 
with the regulating arm is omitted—ap- 
parently an engraver’s error. The sym- 
bols in many cases—notably in the chapter 
on transmission lines—are not well chosen. 
With these relatively unimportant excep- 
tions, the book deserves only hearty com- 
mendation. 

STEAM BoILERS AND SUPPLEMENTARY 
AppLiANces. A Practical Treatise on 
their Construction, Equipment and 
Working. By William H. Fowler. 
Published by the Scientific Publishing 
Company, Manchester, England. 
Cloth, 619 pages, 5%x8%_ inches. 
Price, 12s. 6d. 

This book is intended to give the steam 
user a comprehensive work on boilers and 
boiler appliances. The text appears to be 
free from prejudice and advertising ten- 
dencies, and, while principally descriptive, 
it often goes deeply enough into funda- 
mentals to tell why as well as how. The 
work is divided into 32 chapters, cover- 
ing a great variety of subjects, from 
materials used in construction to inspec- 
tion of boilers in use. The chapters on 
fuels, combustion, furnaces, stokers and 
liquid-fuel burners are especially inter- 
esting. The illustrations, some 600 in 
number, are taken from catalogs and text- 
books and are appropriate to the sub- 
ject matter, which is remarkably free 
from higher mathematics and formulas, 
the chapters on combustion and on draft 
being the only ones in which they appear. 
While the work is distinctly English, the 
author has not confined himself to Eng- 
lish practice, but has drawn freely upon 
American catalogs for illustrations. 





Books Received 





“An Introduction to the Study of Elec- 
trical Engineering.” By Henry H. Norris. 
John Wiley & Sons, New York. Cloth; 
404 pages, 5'4x9 inches; 179 illustrations; 
indexed. Price, $2.50. 
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Power Plant Machinery and Appliances 


Original 
No 


Descriptions 
Manufacturers 


of 
or 


Cuts Write 


Power 
-ups 


Devices 


Used 





MUST BE NEW OR 


The Improved Bury Air 


Compressor 





The form of inlet valve commonly fur- 
nished with air compressors is made of 


brass and screws into the wall of the 


frequent removal, and most engineers will 
not go to so much trouble even when the 
circumstances of the use of the compres- 
sor make it practicable. The valves and 
guides used in the compressor under re- 
view are designed to avoid this difficulty. 

In the inlet valves the guide and seat, 


INTERESTING 


high-pressure cylinder of two-stage ma- 


chines a copper gasket is also placed 
under the cap, so that the fit into the 
cylinder is not depended upon in any way 
for tightness, and the guide can be re- 
moved in a fraction of the time ordinarily 
required. 
































FIG. I. 


cylinder or head. Its thread is straight, 
and being depended upon to a great ex- 
tent for tightness, it is made a good fit 
in the tapped bore. The guide is made 
of brass to prevent its corroding onto the 
cylinder metal in the thread as it would 
if it were iron, but fully as annoying a 
trouble is caused by the cylinder-oil 
working in around the thread and becom- 
ing carbonized from the heat of com- 
pression to an extent which makes the 
removal of the guide impossible after a 
short time by any process short of chip- 
ping it out. 








FIG. 3. INLET VALVE IN CYLINDER BARREL 

Engineers who appreciate the serious- 
ness of this trouble remove the guides 
once a week or so and clean them with 
gasolene. This is effective, but the softer 
thread of the brass soon wears loose from 


DETAILS OF INLET VALVE 





FIG. 2. 


shown in Fig. 1, are in one piece, an iron 
casting which screws into the metal of 
the cylinder in the cool-air passage Wall 
only. A slight application of graphite and 
oil when the valve is put in prevents rust- 
ing at this point. The portion of the 
guide entering the cylinder wall is not 
threaded and is a comparatively free fit, 
the tightness being secured by screwing 
the guide down into a thin corrugated- 
copper gasket under the shoulder shown. 
The inside of the guide near the bottom 


DETAILS OF DISCHARGE VALVE 

In the case of the discharge valve 
shown in Fig. 2, the guide screws into the 
discharge passage wall and rests on a 
corrugated-copper gasket on the cylinder 
wall. The seat is contained within the 
guide, avoiding all wear upon the cylinder ; 
being; removable it is readily inspected, 
and the valve may be ground in without 
danger from emery entering the cylinder. 
This presents the advantage over allowing 
the valve to seat on the cylinder wall, or a 
separate seat screwed into the cylinder 

















FIG. 4. SINGLE-STAGE 


is of hexagonal shape, fitting a special 
wrench which is furnished for its 
removal and replacing. The cap which 


easy 


locks the guide has a hexagonal projec- 
tion which fits the same wrench. 


On the 





BURY AIR COMPRESSOR 


wall, in that if the seat works loose under 
the constant hammering of the valve and 
is not noticed at once the thread is de- 
stroyed not only upon the seat, but often 
upon the cylinder. The discharge valves 
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are very quiet in their running and posi- 
tive in operation, as is shown by the ac- 
companying indicator diagrams. 

Positive inlet valves are furnished only 
on special order, and are placed in the 
cylinder barrels instead of in the head, as 
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A Combination Inertia and 
Centrifugal Governor 





A new form of inertia governor for use 
in combination with a centrifugal gov- 
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gears G and H and the vertical shaft as 
shown. Counterweights which balance the 
weight of the fly-wheel F are supported 
by arm E of the frame. The inclined po- 
sition of the above-mentioned frame, as 
shown in the drawing, is the position it 











INDICATOR DIAGRAMS FROM THE AIR END OF A BURY AIR COMPRESSOR 























INDICATOR DIAGRAMS FROM THE STEAM END OF A BURY AIR COMPRESSOR 


shown in Fig. 3. This leaves the head 
entirely free from mechanism, gives it the 
full cooling area, and leaves it light 
enough to be easily handled by one man. 

Figs. 4 and 5 show types of single- 
stage and two-stage compressors, as made 
by the Bury Compressor Company, Erie, 
Penn. The steam cylinder in both cases 
is simple, having a balanced double-ported 


ernor of the ball type is shown in the ac- 
companying drawing. It consists of a 
spur gear R and a pinion P in mesh with 
the gear R mounted on a shaft which con- 
tains the fly-wheel F. The bearings of 
this shaft are supported on a frame shown 
in detail in the lower figure, the frame it- 
self* being mounted on bearings which 
permit it to swing up or down about the 




















FIG. 5. DOUBLE-STAGE BURY AIR COMPRESSOR 


slide valve. The whole machine, as will 
be recognized from the reproduced photo- 
graphs, is rugged, compact and well de- 
signed. Also there are shown herewith 
indicator diagrams from the steam and air 
ends of a Bury compressor. 


same axis of rotation as that of the spur 
gear R. The ball centrifugal governor 
and the inertia governing mechanism are 
positively driven by the- same chain 


sprocket, rotation being imparted to the 
centrifugal mechanism through the bevel 


takes when the engine is at rest. When 
the engine is running at normal load the 
frame takes a horizontal position due to 
the amount of deflection of the balls of 
the centrifugal governor. It will be seen 
that the adjustable spring in the rod con- 
necting the two governors can be adjusted 
so as to allow the proper degree of inde- 
pendence of motion between the two gov- 
ernors in controlling the engine. How- 
ever, when no elasticity is allowed the 
spring, the action of the inertia mechan- 
ism is to accelerate the action of the cen- 
trifugal mechanism. 

The operation of the inertia mechanism 
is as follows: Regarding the engine as 
operating at normal load, the position of 
the frame bearing the fly-wheel F and 
the pinion P is horizontal, and the gears 
and fly-wheel are rotating as indicated by 
the arrows. Suppose the load on the en- 
gine to be suddenly diminished. The en- 
gine and consequently the spur gear R 
will tend to increase in speed. This ten- 
dency will be imparted through the pin- 
ion P to the fly-wheel F. But the momen- 
tura of the fly-wheel, not being capable ut 
being increased instantly, will determine 
a reaction against the teeth of the gear 
R, and so cause a downward swing of the 
frame bearing the fly-wheel F. The op- 
posite arm E of the frame will be swung 
upward, consequently, as indicated by the 
arrow. This motion is communicated to 
the valves of the engine in the usual man 
ner. If on the other hand a load is sud- 
denly thrown on the engine tending to de- 
crease its speed, the spur gear R tends to 
lessen the speed of the fly-wheel through 
the pinion P. But the momentum of the 
fly-wheel exerts itself in causing the pin- 
ion P to roll upward on the gear R, and 
thereby causes arm E -f the frame bear- 
ing the fly-wheel to swing in an opposite 
aij downward direction, thus further 
“pening the valves of the engine. 

There would be no need at all for the 
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centrifugal mechanism of this governor 
were it not for the fact that an extremely 
slow tendency to increase or decrease the 
speed of the engine would not cause suf- 
ficient change of momentum of the fly- 
wheel to produce the necessary swinging 
of the frame and the arm E. It is evi- 
dent that by changing the speed ratio of 
the spur gears, or the size or weight of 
the fly-wheel, any particular adjustment of 
the inertia governing mechanism may be 
attained. The centrifugal mechanism takes 
care of any slow speed-changing ten- 
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engines. The inertia-governing mechanism 
is covered by patent but is not yet on the 
market. 





The ‘‘ American ’’ Automatic 
Damper 





With the agitation against the smoke 
nuisance, efforts have been put forth in 
various directions to perfect apparatus 
prevent 


which will the formation of 


Hstiff Adjustable 
Steel Spring 
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COMBINATION INERTIA AND CENTRIFUGAL GOVERNOR 


dencies, while the inertia mechanism re- 
sponds to abrupt variations of the load. 
This combination inertia and centrifugal 
governor may be modified to apply with 
qual efficiency to steam turbines and gas 


smoke due to imperfect combustion. A 
device for this purpose, manufactured by 
the American Automatic Damper Com- 
pany, 320 Cuyahoga building, Cleveland, 
O., is known as the “American” automatic 


271 


damper, which has been especially de- 
signed to meet the requirements of hand- 
stoked furnaces. The device supplements 
the regular draft under the grates by a 
supply of air above the grates while 
hydrocarbon gases are being given off. 
Steam jets mingle with the supplemented 
air supply over the grates, which is not a 
new idea. 

A sectional 
shown in 


view 
Fig. I. 


of the damper is 
The dotted arrows 























FIG. I. SECTIONAL VIEW OF DAMPER 

















FIG. 2. CYLINDER AND STEAM VALVE 


represent steam, the heavy arrows air. 
The illustration shows the damper in 
action, the sliding brass nozzle having 
been pushed forward by the pressure of 
the steam, thus opening the ports for the 
entrance of the air. The nozzle is re- 
turned to its place by springs- when the 
steam is shut off, thus closing the ports. 
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The damper is operated by steam and city 
water pressure, and consists of three 
parts, the damper, the steam valve by 
which the damper is operated, and the 
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tinues to pass to the furnace until the 
water pressure is restored by the gradual 
re-filling of the pipe and water cylinder, 
and timed to shut off the steam as soon 
as the extra air is no longer necessary. 
This damper can be applied to any type of 
hand-fired boiler, and its installation does 
not require any internal change in the 
furnace. None of the parts is exposed 
to the flame. 





A Standard Meter 





The apparatus consists of two measur- 
ing vessels mounted on knife-edges so as 
to be capable of tilting about the axis of 
oscillation, which does not lie in the cen- 
tral plane of the vessels, but nearer to the 
rear wall thereof. Each tank is fitted at 
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one end with a siphon pipe, and at the 
other end, which is nearer to the axis 
of oscillation, with weights, which are so 
adjusted that when the tanks are empty 
or nearly filled they remain in a horizontal 
position, but as they continue to fill, the 
tanks alternately assume the position 
shown by dotted lines in Fig. 1, when the 
liquid runs quickly through the siphon 
pipe. After the siphon has been started 
and the level of the liquid has fallen suff- 
ciently, the tank tilts back again to its 
original position, under the action of the 
weight, the siphon continuing in action 
until the tank is emptied. 

The tanks are filled alternately by a 
rocking trough which distributes liquid 
from the supply pipe to either tank. The 
movement made by one tank, in order to 
cause its siphon to start, moves the feeder 


























FIG. I. 


hydraulic or water valve by which the 
steam valve is held in check. The steam 
valve and hydraulic cylinder and the pis- 
ton connecting them are shown in Fig. 2. 
The water pressure against the piston- 
head in the cylinder holds the valve on 
the upper end of the piston against the 
steam pressure. 

The dampers, of which from two to six 
are required for each furnace, are placed 
above the fire-doors, as shown in Fig. 3, 
or in the side of the furnace, and are in- 
clined downward in order to deliver air at 
the precise point where it is wanted. 
When the door of the furnace is opened 
for firing, the waste valve controlling the 
hydraulic pressure is opened, which re- 
lieves the pressure and allows the steam 
to discharge through the small holes in 
the nozzle, and by its pressure slides the 
nozzle forward, uncovering the ports on 
the outer end of the damper for the 
entrance of the air. 

After the fire has been stoked, although 
the furnace doors are shut, the steam con- 


SIDE VIEW OF TANK SHOWING SIPHON PIPE 




















FIG. 2. 


TANKS AND TILTING TROUCII 














FIG. 3. POSITION OF TANKS OVER RESERVOIR 
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trough to the filling position for the other 
tank. In this way the tanks are filled 
automatically with the fresh liquid, while 
the measured liquid runs to a reservoir 
or other receptacle, as 
Fig. 3. 

The number of times each tank is filled 
and emptied is registered by a recording 
indicator. The feeder does not rest on 
the edge of either vessel during the filling, 
but is kept at a short distance therefrom 
by means of a stop, so that the tilting 
movement and the accuracy of the meter 
are quite’ independent of the weight of the 
feeder, the pressure of the liquid upon 
the feeder or the resistance in the record- 
ing indicator which is actuated by the 
rocking trough. 

It is said that the apparatus in the 
simple form described has, in most cases, 
and under conditions usually occurring 
in practice, an accuracy which is more 
than sufficient for all industrial purposes 
and is, therefore, the ordinary or standard 
type of these meters. To secure a degree 
of accuracy necessary for scientific pur- 
poses, it is only necessary to eliminate the 
small inaccuracies of the ordinary type by 
providing the rear walls of these vessels 
with compensating expansion pipes and 
transferring a part of the weights to their 
projecting ends. 

Great changes in the rate of inflow 
create a further inaccuracy, due chiefly to 
the fact that unequal quantities of liquid 
are getting into the tanks during the tilt- 
ing movement of the feeder. The liquid 


illustrated by 
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alternately by two floats in such a way 
that shortly before the tilting of the tanks, 
and during the reversing movement of the 
feeder, the passage of the liquid is grad- 
ually reduced and made uniform. The 
screen is hbreught to its initial vertical 
position by the action of the weight, as 
shown in Figs. I and 2. 

This meter is handled for the American 

















FIG. I. MOTOR-STARTING RHEOSTAT WITH 
NO-VOLTAGE RELEASE 

trade by H. Leinert, 155 Maiden lane, 

New York. 





The Jeffrey Centrifugal Fan 





The special features of this fan are the 


273 


with no dragging effect on the wheel, and 
the conical scoops, by their special forms 
and positions, prevent the gushing of air 
from the inlet. Attention is called to the 
adjustable the fan 
may be trued and rigidly braced. A fan 
10 feet in diameter and 5 feet in width, 
double inlet, installed at the Columbus 
(Ohio) works of the Jeffrey Manufac- 
turing Company, the maker, discharged 
319,260 cubic feet of air per minute, 
against 5.6 inches of water, with a mano- 
metric efficiency of 70 per cent. and a 
volumetric efficiency of 271 per cent. 


stay-rods, by which 





Starting Rheostats for Direct- 
current Motors 


The accompanying engravings illustrate 
the latest types of motor-starting rheo- 
stats built by the General Electric Com- 
pany for direct-current service. Fig. 1 
shows the Type SA apparatus, which is 
designed for one-minute service and is 
equipped with the usual no-voltage auto- 
matic release. These rheostats are suit- 
able for use with shunt-wound, series- 
wound or compound-wound motors, the 
release magnet being connected across the 
supply circuit. 

In this type of rheostat the motor cir- 
cuit may be made and broken on the 
initial contact point without disastrous re- 
sults. This is possible by reason of the 
wide space between the initial contact and 
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before entering the feeder passes through 


THE JEFFREY CENTRIFUGAL FAN 


concave-curved vanes shown in the ac- 





the final resting place of the arm, as well 
as on account of the rugged nature of the 
contact points and the self alining of the 


a conduit piece of rectangular section, in 


companying illustrations, which vanes dis- 
which a revolving screen is actuated 


charge the air in a true radial direction 








274 


contact brushes. In rheostats for motors 
of 3 horse-power and larger, the initial 
contact is renewable from the front, and 
in sizes larger than 7% horse-power at 
110 volts, 10 horse-power at 220 volts and 
15 horse-power at 550 volts, all stationary 
contacts are renewable. In all sizes the 
traveling contacts can be easily replaced. 

Type SA rheostats are connected so 
that when used with shunt- or compound- 
wound motors the shunt field circuit is 
closed and broken on the initial point of 
the dial switch. When the starting arm 
returns to the “off” position the shunt 
field winding discharges through the 
starting resistance and armature winding 
of the motor. 

Type SO rheostats are the same as the 
Type SA, with the addition of an over- 
load magnet connected in series with the 
motor armature. Like the Type SA, they 
are for one-minute duty, have a no-volt- 
age release magnet and can be used with 
shunt-wound compound or series-wound 
motors. When the overload magnet picks 
up its armature the retaining magnet is 
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FIG. 2. MOTOR-STARTING RHEOSTAT WITH 
NO-VOLTAGE AND OVERLOAD RELEASE 


short-circuited, permitting the starting 
arm to be thrown by its spring to the “off” 
position. 

The resistance units used in both Types 
SA and SO rheostats are fireproof and 
are mounted in such a manner as to be 
readily renewable. In rheostats of small 
capacities an improved inclosed type of 
resistance is used, known as the “Form 
P” unit. In rheostats of larger capacities, 
the resistance conductors are cast-iron 
grids, coated with aluminum paint to pre- 
vent rusting. 

In the “Form P” unit a low-tempera- 
ture coefficient resistance wire is wound 
on a strong tube that is not brittle. After 
being wound the tube is treated with a 
special compound which forms a coating 
inside and out, thus reinforcing it and 
making a very strong and solid construc- 
tion. Porcelain bushings are then in- 
serted in each end of the tube, the coat- 
ing compound cementing them in place. 
The unit is afterward thoroughly baked. 
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The units are supported by means of the 
porcelain bushings and are equipped with 
leads insulated with enamel beads, thus 
reducing any liability of internal grounds 
or short circuit. 

Tests of “Form P” units are said to 
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The Hendershot Coupling 


A new shaft coupling, known as the 
Hendershot, is being placed upon the 
market by Manning, Maxwell & Moore, 
Incorporated, of 85 Liberty street, New 
York. The general appearance of the as- 
sembled coupling is shown in Fig. 1. The 
component parts are shown in Fig. 2, and 
in Fig. 3 the method of application is 
shown. 

Two short taper compression sleeves 
are provided, as indicated by SS, Fig. 
2, making it possible to put the two halves 
of the coupling in place with the shaft- 
ing in any position. The shells A and B, 
shown in Fig. 2, contain cast lugs which, 
interlocking, form a clutch, thereby taking 
the strains upon the shells and relieving 
the bolts, of which about 50 per cent. 
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FIG. 2. 


HENDERSHOT COUPLING PARTS BEFORE ASSEMBLING 





























FIG. 3. SECTIONAL VIEWS OF THE HENDERSHOT COUPLING 


have shown that on heavy overloads the 
wire fuses without appreciable arcing and 
that they quickly and safely open the cir- 
cuit, thus satisfactorily fulfilling the re- 
quirements of the underwriters for instal- 
lations in rooms filled with flying dust, etc. 





more are used than usual, of all shearing 
strains. 

In applying the coupling, the shells 4 
and B are slipped upon the shafting first, 
and the sleeves S S put into place, so that 
the shells may be drawn over them. The 
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lugs of the shells A and B are brought 
into interlocking position, and the shells 
are bolted together. The fits 3 and 4 
practically true up the coupling, but aline- 
ment is assured by keeping the two faces 
r and 2 parallel; if put on properly the 
shafting cannot be sprung. 

If the shafts to be coupled vary a little 
in size, are a little out of line, or both, 
the coupling will adjust itself, and the 
compression will be the same the full 
length of the sleeve. The sleeves are 
made thinner and the hubs heavier, there- 
by greatly increasing the strength without 
increasing the outside diameter of the 
coupling. 





**Cyclone’’ Grate for Steam 
Boilers 





A type of shaking and dumping grate- 
bar known as the “Cyclone T A” is manu- 
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through the grate to the ash-pit without 
clogging the air space, which could occur 
if the clips were parallel. Each bar rests 
in a frame, or chilled axle, which guard 
against excessive wear. All the frame 
parts interlock, therefore eliminating all 
bolts and nuts and it is claimed that, ow- 
ing to its design, it will not warp. 

Each grate-bar has an arm running 
down from one end, into the trunnion of 
which an equalizing bar slides and con- 
nects with the shaking and dumping arm 
on the front of the boiler. 

The grate-bars have a movement of 4 
inches up and down without opening the 
space between the bar any more than 
when the grate is locked level, and no 
more unburnt coal can, therefore, drop 
through than under ordinary conditions. 

When the grate-bars are in the dump- 
ing position shown in Fig. 2, the space 
between each section is about 4 inches in 
width, which will allow all ordinary clink- 
ers to drop through into the ash-pit. The 








UTTTTEAUUTUUU| 











FIG, I. 


SHOWING TOP SIDE OF GRATE 

















FIG. 2. 


SHOWING 


factured by the Cyclene Grate Bar Com- 
pany, 827 White building, Buffalo, N. Y. 
In construction the grate consists of two 
lengthwise trusses with clips, or cross- 
Pieces, bridging from one to the other, as 
shown in Fig. 1, and is cast solid. 

30th trusses and clips are beveled from 
the top to the under side, the distance be- 
tween the face of the clips being 3-inch, 
and the under side 9/16-inch. It is evi- 
dent that this feature permits the ash and 
fine pieces of incombustibles to pass down 


DUMPING POSITION 


grate is designed for burning any grade 
of fuel. 





The deliveries of coal in December 
from the three principal German coal- 
producing districts were 8,501,070 tons, as 
compared with 7,643,790 tons in December, 
1906. The deliveries from the three dis- 
tricts in the whole of last year. were 
101,539,730 tons, as compared with. 96,308,- 
580 tons in 1906. 








275 


Business Items 





The Smooth-On Manufacturing Company 
has opened new branch offices as follows: 
61-69 North Jefferson street, Chicago, Ill.; 20 
Sacramento street, San Francisco, Cal.; 8 
White street, Moorfields, London, E. C., 
England, 


The Kelley Brothers-Mitchell Company, of 
Vancouver, B. C., has installed a 15-ton 
Northern traveling crane, of 40-foot span, 
equipped with alternating-current motors, 
The crane was furnished by the Northern En- 
gineering Works, of Detroit, Mich. 


The Berry Engineering Company has se- 
cured the services of the Union Stop and 
Signal Company, 103 Bedford street, Boston, 
Mass., as its agent and representative for the 
New England States. The Berry Engineer- 
ing Company manufactures a feed-water reg- 
ulator and other boiler-room specialties. 


The Monterey Coal Company, West Mont- 
erey, Penn., which has installed two Buckeye 
boiler skimmers, recently ordered a third one. 
The general superintendent, A. J. Watson, 
says that he thinks no boiler is complete 
without a skimmer. This skimmer is made 
by the Buckeye Boiler Skimmer Company, 
South End, Toledo, Ohio. 


The Simonds Heating and Specialty Com- 
pany, 105 Washington avenue, Detroit, Mich., 
recently received a number of repeat orders for 
its receiver-separators, including three from 
Stone & Webster, Boston; five from the Phil- 
adelphia Company, Pittsburg; two from the 
Brier Hill Iron and Coal Company, Youngs- 
town, Ohio; two from the Terra Haute Paper 
Company, and four from the Wallin Leather 
Company, Grand Rapids, Mich. 


The McMaster-Carr Supply Company 
(formerly the McMaster-Davis Supply Com- 
pany), 174 and 176 Lake street, Chicago, 
manufacturers’ agent and jobber of steam 
specialties and engineer supplies, is compiling 
a new general catalog which is now in the 
hands of the printer. This catalog will have 
more than 500 pages, will be complete to 
date and will be of value to engineers and 
buyers of supplies. Upon request it will be 
sent prepaid to all who purchase in the Chi- 
cago market. 

The Harrisburg Foundry and Machine 
works has completed and shipped a consign- 
ment of engines for installation at Bogota, 
Colombia, S. A. This shipment is of signifi- 
cant importance owing to the transportation 
problems to be overcome in reaching the city 
named, the oldest on the South American 
continent, and at present entirely inaccessible 
except by the aid of the native mountain 
burro. It remained for American ingenuity 
to give the city of Bogota electric lights and 
a railway. Three electric generating units 
of 130 horse-power each and consisting of 
Fleming-Harrisburg engines and Westing- 
house generators will be installed. This 
equipment, in addition to the boilers and 
auxiliary equipment, will be “knocked down” 
in the strictest sense of the term, as the 
maximum gross weight of the packages must 
not exceed 135 pounds, except perhaps a few 
packages which of necessity cannot be built 
within the prescribed limitation. Accord- 
ingly, the engine consignment alone consisted 
of 58 packages. 

On January 10, the Buffalo Forge Coin- 
pany received an inquiry from the Strong, 
Carlisle & Hammond Company, Cleveland, 
for the best possible shipment of a large 
electric blower, with motor attached. A 
motor of special speed was required and com- 
munication with the motor builders developed 
the fact that they would undertake to ship 
such a motor in five working days. Allowing 
for express shipment from the works of the 
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motor builders, the Buffalo Forge Company 
promised shipment of the order in ten days 
after receipt. ‘The order came in Saturday, 
January 11, the motor was ordered by wire 
the same day and was received by express 
on Thursday the sixteenth. In the mean- 
time patterns had to be changed and castings 
made for the special sub-base to accommo- 
date the motor. This work also involved 
changes in the drawings. Everything being 
in readiness, the work of assembling was 
done on Friday and shipment was made Sat- 
urday, a few hours less than a week after the 
order came in. The blower has a capacity 
of 6500 cubic feet of air per minute at a 
pressure of six ounces per square inch, when 
operated at a normal speed of 1130 revoiu 
tions per minute. Usually, from four to six 
weeks is required for shipment on an outtit 
of this kind. 





New Equipment 


The West Bend (Wis.) Heating and Light- 
ing Company contemplates extending the 
heating plant. 


The Amarillo (Texas) Street Railway Com- 
pany has been granted franchise to establish 
light and power plant. 


The city of Warren, IIl., proposes to con- 
struct water works to cost about $10,000. 
M. C. Eckhorn, mayor. 


The North Mountain Power Company, 
Bureka, Cal., is said to be considering the in- 
stallation of new machinery. 


Plans are being prepared for additions to 
the plant of the Springfield (Ohio) Ice and 
Refrigerating Company to cost $30,000. 

The Indianapolis, Columbus & Southern 
Traction Company, Columbus, Ind., will in- 
stall a 1000-kilowatt alternating-current gen- 
erator. 

The Lima & Honeoye Eectric Light and 
Rairoad Company, Lima, N. Y., will erect 
a power station of 30,000-horse-power ca- 
pacity. 

The Coney Island and Brooklyn Railroad 
Company, Brooklyn, N. Y., has decided to 
construct six sub-stations at a cost of 
$250,000. 


The Vincennes (Ind.) Traction and Light 
Company, it is stated, will spend about 
$100,000 for improvements. Geo. E. Henry, 
general manager. 

The Prosser Falls Land and Power Com- 
pany, Prosser, Wash., will expend about 
$50,000 on its plant. A. L. Smith, of North 
Yakima, is engineer. 





New Catalogs 


Boston Gear Works, Norfolk Downs, Mass. 
Catalog EI. Gears, chains, sprockets, bear- 
ings, ete. Illustrated, 88 pages, 344x6 inches. 

De Laval Steam Turbine 
Trenton, N. J. Bulletin 501. 
machinery. Illustrated, 30 
inches. 


Company, 
Steam turbine 
pages, 4% x7 


Smooth-On Manufacturing Company, 572- 
574 Communipaw avenue, Jersey City, N. J. 
Booklet. History of Smooth-On. 4 pages, 
3x6 inches. 


American Spiral Pipe Works, Chicago, Ill. 
Pamphlet. Taylor's spiral riveted pipe, 
forged steel flanges, etc. Illustrated, 16 
pages, 8x10 inches. 


American Steam Gauge and Valve Manu- 
facturing Company, 208-220 Camden street, 
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Boston, Mass. 
dicators, ete. 
inches. 


Catalog. Gauges, valves, in- 
Illustrated, 246 pages, 6x9 


Westinghouse, Church, Kerr & Company, 
Inec., 10 Bridge street, New York. Catalog 
Work Done No. 3. Electrification of the West- 
ern Line of the Long Island Railroad. IJI- 
lustrated, 138 pages, 6x9 inches. 

Hyatt Roller Bearing Company, Newark, 
N. J. Bulletin No. 103. Some Data Showing 
Friction Load of Shafting in an Electrically 
Driven Machine Shop When Equipped with 
Hyatt Roller Bearings.  Lllustrated. 





Help Wanted 


this head are in 
About sig 


Advertisements under 
serted for 25 cents per line. 
words make @ line. 

SALESMAN with an established trade in 
oil, grease or packing can learn of an ex- 
ceptionally profitable side line by addressing 

as Z.,”"" POWER. 

ai ‘ENGINEER in each town to sell _ the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago. 

WANTED—Boiler room foreman capable 
of running economically 4000 horse-power 
climax boilers; preference given to one able 
and willing to take salary out of saving 
shown over present cost of operation; per- 
manent position to right man; give age, edu- 
cation, and experience. Address “New Jer- 
sey,’ POWER. 


WANTED—Good salesmen in all territory 
to sell on good commission steam specialty of 
high class; needed in all steam plants; ready 
seller; an exceptional opportunity for good 
men. Address Manhattan Railway Supply 
Co., 154 Nassau St., New York. 


Situations Wanted 


head are in 
About siz 


Advertisements under this 
serted for 25 cents per line. 
words make a line. 

WANTED—Position by young man (24) 
with four years’ practical experience on 
boilers and pumps; also repair work; first- 
class reference; city or country. Box 29, 
POWER. 

ADVERTISING MANAGER of a _ depari- 
ment of publicity desires a change; strong 
technical correspondent and detail man; has 
ability to design attractive advertising, also 
devise sales plans that are effectual in in- 
creasing output and profits. ‘‘Needaman,” 
POWER. 

WANTED—POSITION by mechanical en- 
gineering graduate of a leading western uni- 
versity: 2 years’ experience as_ assistant 
superintendent of machinery for company 
operating 18 iron mines; 3 months as as- 
sistant superintendent of a lead and zinc 
mine; lost position by shutting down of lat- 
ter; will accept any good mechanical work; 
best references. Box 23, POWER. 


For Sale 


Advertisements under this head are in- 
serted for 25 cents per line. About sig¢ 
words make a@ line. 

WESTINGHOUSE gas engine for sale: 
1 35 horse-power vertical belted type gas 
engine complete; used only one month. Ad- 
dress H. W. Buhler, 27 Newbury St., Boston. 
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Power Plant of the City of South Norwalk 


A Successful Municipal Lighting Plant in Connecticut; Description 
of the Equipment, with Data Showing Economy of Operation 





Sixteen years ago the city of South 
Norwalk, Conn., was supplied with elec- 
tric light and power by a private con- 
cern, which corporation, operating with- 
out competition, disregarded the . public 
demand for better service. All remon- 
strances proving in vain, the citizens 
voted an appropriation of $22,500 with 
which property was purchased and a 
plant of roo horse-power erected, from 
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which were supplied 86 open arc series 
lamps at the outset. After several years 
of street lighting the results were so en- 
couraging that a further appropriation of 
$20,000 enabled the city to enlarge its 
plant and offer current for general com- 
mercial purposes. A plan was then de- 
veloped whereby the income from the sale 
of current rendered the plant not only 
self-supporting but furnished money for 
the liquidation of its debt and provided 
the means of still farther additions to 





ural limitations of the plant. 


meet the rapid growth of business and 
current demand. 

In 1901 the power system of the local 
company was purchased and the service 
extended again, but by the end of 1904 
the demand again exceeded the supply 
and the business had outgrown the nat- 
An in- 
crease in boilers for added steam power 
would have necessitated the removal of 


er, coupled to a 160-kilowatt Fort Wayne 
generator, and this was done. The crowd- 
ed condition of the plant is shown in 
the accompanying illustrations, in which 
the Diesel engine appears in the back- 
ground and the older steam equipment. in 
the foreground. The four vertical cylin- 
ders on the left of Fig. 2 are the “bot- 


tles” for storing the compressed air used 
for starting and for fuel injection for 
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the entire plant to the water front in 
order to secure dock facilities for hand- 
ling coal and ashes, as well as convenient 
condensing facilities. In view of the 
great trouble and expense involved in 
such a move the alternative of providing 
the increased motive power with inter- 
nal-combustion engines was discussed, 
and after an investigation of all types 
of producer gas, gasolene and oil engines 
it was decided to install an American 
Diesel crude-oil engine of 225 horse-pow- 
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the Diesel engine. 

One interesting developed at 
this time was the utilization of excess 
steam and the securing of an extra load 
on the boilers by heating the depots and 
stored cars of the New York, New 
Haven & Hartford Railroad, situated close 
by the plant. One reads much these days 


feature 


about the profit to be found in the utiliza- 
tion of waste steam in district heating, 
and perhaps the suggestion in the present 
may 


instance serve some reader as a 











valuable hint for the profitable employ- 
ment of his own waste heat units. 


DESCRIPTION OF THE EQUIPMENT 

Considering the fragmentary growth of 
this plant, a visitor would expect almost 
anything except the orderly, albeit some- 
what crowded, appearance that meets his 
eye. The main building is of brick, one 
and a half stories high, 109 feet long 
and 48 feet wide, to which has been 
added an office extension required by 
the latest changes to be later described. 
In the fire room are four horizontal re- 
turn-tubular boilers, rated at 125 horse- 


FIG, 2, CORNER OF THE ENGINE ROOM 


power each, a feed-water heater, -an in- 
jector and the usual complement of 
pumps, together with an unusually com- 
plete equipment for weighing all coal. In 
the engine room are Watertown 
simple engines each connected to 250- 
volt direct-current multipolar generators, 
and the Fort Wayne generator and Die- 
sel oil engine; this latter unit has for two 
years been the backbone of the plant, 
running practically day and night and 
carrying the greater part of the average 
load. 

A Norwalk 
belt-driven by 


five 


two-stage air compressor, 
a 25-horse-power General 


POWER 


Electric motor, is used to compress the 
air used in starting the Diesel engine and 
in injecting the crude oil into the cylin- 
der in a fine spray. The fuel oil for 
the engine is stored in an underground 
tank outside of the building and pumped 
through a measuring tank to the engine 
fuel valve. At the present time the city 
is paying 334 cents per gallon for its 
crude oil, delivered, and the fuel cost 
per kilowatt-hour with the Diesel engine 
unit is 3% mills. The following data 
are interesting as showing the economy 
of the South Norwalk plant during the 
past year: 


d 
' 
o 
: 


Average income per kilowatt- 
eer eee 4.479 cents 
Average cost per kilowatt-hour 


including interest, deprecia- 

tion and operating exp.....2.764 “ 
Average profit per  kilowatt- 

| Ea LOR rere eer nd ae ts rts * 
Gallons of fuel oil consumed 


PRREEMIMR & Fcalncaaxcutesisuaiox sowie 59,163 
Pounds coal consumed last 
A a ee eee 


Average cost of coal per kilo- 
watt-hour : 
Average cost of 
kilowatt-hour 
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Average lb. coal per kilowatt- 


NN ie et Ac Oech ee mae ae eee o8u 8 
Average watt-hours per gallon 

he OE EE cas a cinisieaieeuns ek weed 9,916 
Average watt-hours per Ib. of 

PONE Sa ie. Guasave a,c eas career ow nie 114 


The average cost of street lighting with 
1400-candle-power direct-current series 
arc lamps has been 1.82 cents per lamp 
per hour. 

Within the past three months a second 
Diesel oil engine unit has been installed 
in the space hitherto reserved for the 
office. A new office addition has been 
built, “big enough,” as Mr. Winchester, 

















NEAR DIESEL UNIT 


the superintendent and general manage: 
of the works, told the writer, “to set u; 
another Diesel engine unit in it when the 
time comes.” The new unit is a cou 
terpart of the first engine and generator 
except that it shows the natural im 
provement to be looked for in the pro: 
uct of any progressive manufacturer. 
One cannot study the history of t! 
success of the South Norwalk plant wit! 
out reading on every page, and in alm 
every line, the ability and energy of A! 
bert E. Winchester, commissioner of t! 
works, chief of the fire department, ma 
ager, chief engineer and brain of the plant 
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Catechism of Electricity— 
XXXVII 


625. 
the construction of the plugs in Fig. 178 


a 











FIG. 179. PLUG USED IN CONNECTING 
DIFFERENT CIRCUITS ON AN ARC 
SWITCHBOARD 


THE 


nd of the sockets or receptacles for them. 


Each plug, Fig. 179, consists of a long 


opper bar a fitted tightly into a hard- 
vood handle h. All the receptacles, or 
plug switches as they are sometimes 
alled, are of the type shown in Fig, 180. 
he marble board is not relied upon en- 


Show and explain more in detail 
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all bus-transfer have blue 


porcelain bushings. 


receptacles 


626. How can the one ammeter shown 
m Fig. 178 serve for so many circuits? 

An ammeter jack, Fig. 181, enables this 
to be done without inconvenience. Two 
of these jacks are provided for each cir- 
cuit, and one ammeter jack plug, Fig. 182, 
is used for all of them. By inserting 
this plug in any ammeter jack, the am- 
meter is thrown in series with that cir- 
cuit. In removing the plug the circuit 
is closed around the ammeter at the in- 
stant that the plug is removed. 

Ammeter jacks are included in both 
sides of each circuit to facilitate testing 
for grounds. A leakage, or flow of cur- 
rent to ground will show a difference of 
reading when the ammeter is plugged 
into the different sides of the circuit. 


Porcelain Pillar 
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Terminal 











FIG. 180. 


DIAGRAM SHOWING CONSTRUCTION 





OF A PLUG SWITCH ON AN ARC 


SWITCHBOARD 


tirely for insulation; each receptacle is 
insulated from the board by porcelain 
bushings as shown at a and a. These 
bushings not only insulate the bus-bar 
in each row. from the panel, but pre- 
vent the attendant from coming in con- 
tact with it. The rear bus-bar is shown 
in Fig. 180 at m, with a contact thimble 
at c and a terminal at e. The fiber tube s 
serves as a guide for the plug when in- 
serted. 


In order to distinguish between the 








Porcelain Washer 


Buees Conne:ting 
to Ammetcr 





insulating Spacer 














Jack Terminals, Conne:ting 
to Circuit 
G { f Porcelain Piilar 
SN 
181. CONSTRUCTION OF ONE OF THE 


IMETER JACKS ON THE SWITCHBOARD 
IN FIG. F78 


ous receptacles on the face of the 
rd, bushings of different colors are 

All open-circuiting, bus-connecting, 
-transfer, and ammeter-jack recepta- 


1 


have brown porcelain bushings, and 
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627. What kind of switches are gen- 
erally used on switchboards? 

The kind known as knife switches, a 
simple form of which is shown in Fig. 
183. The knife switch derives its name 
from the knife-blade-like shape of its con- 
necting part a called the blade. The parts 
which receive the blade when the switch 
is closed are shown at c and d; they are 
called the jaws or clips, and are mounted 
in the bars or strips e and s which in 
turn are mounted on the insulated base b. 

The terminals of the circuit to be 
opened or closed by means of the switch 
are connected to the plates e and s by the 
bolts r and v. The plates e¢ and s are 
called the terminals of the switch, or 
sometimes the jaw or clip bases. The 
blade a is hinged at one end to the post 
ce, and is provided with an _ insulating 
handle g at the other end. 

With the blade in the position shown 
in the figure, there is no connection be- 
tween the jaws c and d, and the switch 
is said to be “open.” By pressing down 
on the handle g, the blade a will be forced 
into both jaws, c and d, which will be 
thereby electrically connected; the switch 
will then be “closed.” 


628. Of what materials are the different 


parts of a switch, such as shown in Fig. 
183, made: 
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The jaws, plates and blade of a. switch 
are usually made of copper, although the 
bars are sometimes made of brass. The 
base is of either marble or slate; the bolts 
are steel or copper, according to condi- 





Insulation 





PLUG USED 
JACK 


FOR THE 


FIG. ISI 


\M METER 


SHOWN IN 


tions, and the handle is of rubber, wood, 
or fiber. When a knife switch is mounted 
on a switchboard it is not provided with 
the base D; the bolts 


r and v, which secure 

















FIG. 183. SINGLE-POLE SINGLE-THROW 


SWITCH 


the terminals, pass through the marble 
panel and make connection with the 
terminals on the back side of the board. 

A switch with called 
“single-pole,” but two 
blades, it is called 


one blade is 
when there 
“double-pole.” 


are 

















FIG. 184 
SWITCH 


DOUBLE-POLE SINGLE-THROW 
ARRANGED TO BE MOUNTED 
ON A SWITCHBOARD WITHOUT A 
BASE 
629. Show a double-pole switch ar- 
ranged for mounting on a switchboard. 
Fig. 184 shows such a switch. The 
blades m and n fastened to the handle 
h by the hard-fiber 


are 


means of strip c. 
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Test of a Municipal Gas-power 
Plant 


By Louis BENDIT 





Early in 1903 the city authorities of 
Ottawa, Kan., had plans prepared for a 
complete new municipal power plant to 
furnish the community with water, light 
and power, and in accordance with the 
recommendation of the engineer then in 
the city’s employ they purchased and in- 
stalled a modern steam-power equipment, 
consisting of a high-pressure boiler, a 
four-valve, automatic high-speed engine 
direct-connected to a 75-kilowatt alterna- 
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a gas engine, the gas company contending 
that the high economy of internal-com- 
bustion engines would curtail their gross 
revenues so that the returns on the invest- 
ment would not yield a fair profit, hence 
the higher price, the usual charge being 
25 cents. 

The natural gas in the southwestern 
field varies materially; in some wells it 
has a calorific value of 1000 B.t.u. per 
cubic foot at 60 degrees Fahrenheit and 
atmospheric pressure, and in others it 
runs as low as 600 B.t.u., the constituent 
elements being principally methane 
(CH4) and nitrogen. The average heat 
value is about goo B.t.u., according to 
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stations that their unanimous 
report in favor of installing gas- 
power equipment. As the result of call- 
ing for bids for a 125-horse-power en- 
gine to drive a 75-kilowatt alternator, 
and to be capable of giving continuous 
service, a conditional order, based on a 
performance test, was given to the Weber 
Gas Engine Company for the engine, 
and after a preliminary run of 30 days 
in regular service, the following results 
were obtained in a 12-hour test run on 
October 2, 1907: 
Total output 
kilowatt-hours. 
Total gas consumed, 20,500 cubic feet. 


to steam 


was 


for the 12 hours, 1020 
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tor, a feed-water heater and. purifier and 


compound duplex direct-acting steam 
pumps for high and low service. For 


a short time the plant used Weir City 
(Kan.) bituminous coal, and repeated 
test runs of the equipment in regular ser- 
vice showed a fuel consumption of nearly 
ten pounds of coal per kilowatt-hour, as 
measured at the bus-bars. 

Later the Kansas Natural Gas Company 
brought pipe lines into Ottawa, and the 
city in granting the gas franchise secured 
the right to purchase its fuel supply for 
the municipal plant at ten cents per 1000 
cubic feet, when used for steam-making 
purposes, or at twelve cents when used in 
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tests by the professor of chemistry of the 
Kansas University. 

After using natural gas under the boii- 
er almost a year, although it proved more 
economical than coal at $2 per ton, it 
was found that the revenues earned by 
the plant were far from satisfactory, and 
a committee was appointed by the city 
council to investigate the cause and to 
recommend such changes as would put 
the plant in shape to make it self-sup- 
porting, if not profitable. After months 
of investigation and visiting numerous 
public-utility plants, the committee found 
that those using internal-combustion en- 
gines were giving results so far superior 








Gas per kilowatt-hour, 20.1 cubic feet. 
Gas per B.H.P.-hour, 13.57 cubic feet 
Heat value per cubic foot of gas, g10 B.t.u 
Cost per 1000 cubic feet of gas, 12 cents 
B.t.u. per B.H.P.-hour, 12,349. 

Thermal efficiency, engine, 20.6 per cent 
Fuel cost for 1020 kilowatt-hours, $2.5: 
Fuel cost per kilowatt-hour, 0.24 cent 
Over-all efficiency of unit (gas to elec 

tricity), 18.6 per cent. 
The unit was started up with one-quar 


T 


ter load, and the load was increased to 10 
per cent. over the rated horse-power 0! 
The maximum load was 103 


the engine. 
kilowatts. A recording watt-hour mete 
gave the energy output. 
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Installation and Care of Electric Motors—lIl 


Practical Advice on the Installation, Maintenance and Repair 


of Motors, the 


Observance of which Should Eliminate Trouble 





B Y N 


SHUNT- AND COMPOUND-wouND Motors 

The following suggestions for the 
operation of shunt- and compound-wound 
motors are based upon best modern prac- 
tice and, if followed, should reduce 
motor troubles to a minimum. 

In starting a motor, first see that the 
bearings contain sufficient oil and that 
the brushes bear evenly on the commu- 
tator. If a circuit-breaker is used, close 
it; then close the main switch. Rotate 
the handle of the starting rheostat slowly 
as far as it will go and hold it in this 
position until the magnet becomes suffi- 
ciently strong to hold the lever. Care 
should be taken, in starting the motor, 
that the handle of the rheostat is not ro- 
tated too fast. Standard starting boxes 
for motors up to 20 horse-power are gen- 
erally designed to start the motor in not 
less than 15 seconds, with approximately 
50 per cent. over full-load current. For 
motors above 20 horse-power and up to 
50 horse-power, 30 seconds should be 
allowed for starting with 50 per cent. over 
full-load current, and for motors above 
50 horse-power and up to 100 horse- 
power, 45 seconds should be allowed. 
Where possible, the motors should be 
started even more slowly, as by so doing 
the current drawn from the line will be 
kept down to full-load current, or below. 
If sparking occurs, move the brushes 
slowly backward until it ceases, giving 
the maximum back lead for sparkless 
commutation at no load, then secure the 
brush yoke firmly in position. The 
brushes, having been once adjusted to the 
proper running position, should not be 
moved when starting or stopping. See 
that the oil rings are revolving freely and 
occasionally feel of the joints and con- 
tacts; if any part is found unduly warm, 


defect is indicated which should be 
immediately remedied. 
To stop a motor, open the circuit- 


breaker or switch, which will cut in the 
esistance of the starting box. Never 
attempt to stop a motor by forcibly pul- 
ling open the starting box. Disregard of 
these instructions may cause burning out 
of the field coils. 

\s has been stated, series-wound motors 
generally controlled by regulating 
reversing controllers, therefore, the 

lirections for starting and stopping shunt- 

d compound-wound motors will not 

apply, but the general directions for the 
ire are applicable. 
The commutator is an important part 


+ 


QO 
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of every direct-current motor and re- 
quires careful and intelligent attention. 
Whenever possible, the entire care for 
the commutator and brushes should be 
assigned to a competent man who can be 
held responsible for their condition. 
The first essential of satisfactory com- 
mutation is to keep the commutator 
clean. Ordinarily this will require only a 
daily wiping off with a piece of clean 
canvas. In service the ideal appearance 
of the commutator is a polished surface 
of dark-brown or chocolate color. Sand- 
paper, emery cloth or sandstone should 
never be used on a commutator which is 
taking on a polish and shows no signs of 
roughness. Commutators which do not 
polish properly and show signs of rough- 
ness should first be smoothed off with a 
piece of sandpaper; if quite rough, a 


Alm, 





FIG. 8 


piece of sandstone may be used to ad- 
vantage. 

Flat spots, or “flats,” sometimes occur 
on commutators. They are usually caused 
by excessive wear, by too much end play, 
by bad belt splices, or by flashes produced 
by a short-circuit on the line. When the 
commutator becomes out of true it should 
be turned down. 


LUBRICANTS 


A small amount of lubricant may be ap- 
plied to the commutator, such as a lump 
of paraffin, which, if rubbed across the 
face once a day, will be found sufficient 
in the majority of cases. Lubricants 
should always be applied sparingly and 
never in sufficient quantity to collect on 
the surface or about the brushes and 
leave them in a gummy condition. Exces- 
sive noise from the brushes may often be 
modified by the application of a small 
amount of lubricant. 

Motors used for crane and hoist work 
usually have a different form of bearing 
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employing oil and waste, or grease, for a 
lubricant. In bearings using oil and 
waste, a high grade of wool waste should 
be used, as cotton and poor wool waste will 
become soggy and not maintain their posi- 
tion against the shaft. The waste must 
be thoroughly saturated with oil, and 
should be immersed at least 48 hours, 
then allowed to drip on a rack for 10 to 
12 hours before being used. If there is 
too much free oil it will be forced into the 
drip-pockets when the waste is packed in 
the bearings and will accumulate on the 
equipment, or it may work its way into 
the motor. 

A good quality of car-journal oil should 
be used. The flow of oil is affected by 
temperature and, therefore, a _ heavier 
grade should be used in summer, and for 
operating motors in warm places, than 
for operating in winter, or in a cool cli- 
mate. In packing the bearing care should 
be taken to see that the waste fills the 
pocket and fits closely against the shaft, 
but it should not be forced in too tightly, 
or the surplus oil will be squeezed out. 

For bearings needing grease, a good 
quality, which may be obtained from any 
reliable manufacturer, should be used. 
As bearings lubricated with grease re- 
quire more attention than those lubricated 
with oil, the grease should be kept clean 
and the grease-pockets, or cups, 
filled. 


well 


Wuat Causes SPARKING 


The successful location and remedying 
of motor troubles requires much careful 
thought and good common sense. There 
is never a trouble without a cause, and it 
can be located if persistently looked for 
with the aid of a few simple appliances. 
The chief trouble in direct-current motors 
is caused by sparking, which may be due 
to any of the following defects: 

The brushes may not be set on the point 
of commutation ; if so, a point can always 
be found where there is no appreciable 
sparking and the brushes should be set 
and secured at this point. The brushes 
may be wedged in the holders; if so, re- 
move them one at a time and grind off 
the side that binds. The brushes may not 
be fitted to the surface of the commuta- 
tor. The brushes may not bear on the 
commutator with sufficient pressure. The 
brushes may be burnt; which usually 


indicates that the shunt between the 
brush and holder is not secure. The 
commutator may be rough. The motor 
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may be overloaded. The brushes may 
not be equally spaced about the commu- 
tator. The mica between adjacent com- 
mutator bars may be pitted. 

The foregoing are the most common 
causes, but sparking may be due to an 
open circuit or loose connection in the 
armature. Such troubles are indicated by 


650 f CI, 
&& / a 






FIG. 9 


a bright spark which appears to pass com- 
pletely around the commutator, and may 
be recognized by the scarring of the com- 
mutator at the point of open circuit. The 
existence of a short-circuit is indicated 
by excessive heating in the affected coils. 


To Locate DEFEcTs IN ARMATURES 


By means of a few simple appliances, 
consisting of half a dozen cells of bat- 
teries, either primary or secondary, a low- 
reading ammeter and an ordinary tele- 
phone receiver, the defects in an arma- 
ture can be accurately located. A very 
convenient, portable set, including the 
apparatus named, can be made. 
large enough to contain the batteries, and 
sufficiently deep to allow for a lid to 
mount the ammeter on and leave space 
for the telephone receiver when not in 





use, should be provided. Suitable ter- 
minals may be attached and _ several 
lengths of flexible cord provided, making 
a complete outfit. To locate troubles with 
this outfit proceed as follows: 

To test for open circuit, clean the com- 
mutator thoroughly and leave two brushes 
only in position, bearing on the commu- 
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tators diametrically opposite each other, 
to which connect the leads from the bat- 
tery, one to each brush, with the ammeter 
in circuit, as shown in Fig. 8. Note the 
reading of the ammeter, then rotate the 
armature slowly, and if the break is in 
the lead the ammeter will show no de- 
flection when the brush bears on the seg- 


Open Circuit 
in Coil 


ment at fault. When preparing the ma- 
chine for test, the brushes should be bev- 
eled to less than the width of one seg- 
ment. 

If upon rotating the armature com- 
pletely around, the ammeter does not indi- 
cate a broken lead, then touch the ter- 
minals of the telephone receiver to two 
adjacent bars, working from bar to bar, 
as shown in Fig. 9. There will be a dis- 
tinctly audible vibration in the receiver 
as each contact is made, if the circuit is 
unbroken, but when one terminal bears 
on a bar connected to the coil at fault the 
vibration will cease. The deflection of 
the ammeter between any two bars will be 
substantially the same in a perfect arma- 
ture. If the deflection suddenly ceases 
it is indicative of high resistance or a 
break. 

Where two adjacent commutator bars 


Short Cireuit 
between Sections 


are in contact, or a coil between two seg- 
ments becomes short-circuited, the bar-to- 
bar test will detect the fault by the re- 
ceiver failing to vibrate. See Fig. ro. 

If there is a short-circuit between two 
coils the receiver terminal§ should in- 
clude or straddle three commutator bars, 
as shown in Fig. 11. The vibration or 
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click of the receiver will then be twice 
as great as when connected to adjacent 
bars, until the coils at fault are reached, 
when the click will diminish. When this 
happens test each coil individually and if 
they are all right, the trouble is between 
the two. 

To locate a ground in the armature, 


Short Circuit between 


Segments or in Coil 





place one terminal of the receiver on the 
shaft or frame of the machine and the 
other on the commutator, as shown in 
Fig. 12. The batteries, ammeter and leads 
must be thoroughly insulated from the 
ground. If under these conditions there 
is a click in the receiver it indicates the 
presence of a ground between the arma- 
ture conductors and the core. Move the 
leads about the commutator until the least 
noise is perceptible in the receiver, and 
the trouble will be found in that coil 
which is connected between two segments 
where the noise in the receiver is most 
uniform. If the ground happens to be 
closer to one segment than the other there 
will be no click of the receiver. 

After a few trials the operative will be 
able to detect very slight variations in 
sound in the receiver and to diagnose 
practically all armature troubles. 
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FIG. I2 


Troubles in field coils are not nearly as 
prevalent as armature troubles and can 
be located more easily. A short-circuited 
coil can generally be located by the hand, 
as the temperature will be lower than a 
perfect coil. A burnt-out coil is easily 
detected by the odor and a little search 
will generally locate it. 
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To Find the Area to be Braced 
in the Heads of Horizontal 
Tubular Boilers 


For the purpose of determining the 
number of braces to be used, it is not 
necessary to figure the area of a boiler 
head to a fraction of a square inch, and 
a simple rule, the reason for which is 
so plain that it can never be forgotten, 
will be helpful to the candidate before 
the examiner, or when a table of circular 
segments is not to be had. 

The diameter of the boiler and the 
hight above the top row of tubes are 
the only measurements which are ordi- 
narily given. The flange is considered 
good for three inches around the outside 
and the tubes for two inches above their 
top edges, so that the area to be braced 
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enough if we consider its length equal to 
the diameter, as the length of the chord 
b d is not usually given. Suppose the 
hight hi to be 26 inches, then the hight 
f g of the portion to be subtracted would 
be 


72 ; 
mr — 26 + 2= inches, 


and if its length be taken at 66 inches 
its area will be 
I2 X 66 = 792 square inches. 

This is too great by the area of the 
two little dotted triangles at a b and d e, 
but this is so small a proportion of the 
total area that it may be neglected, espe- 
cially if it is borne in mind when decid- 
ing upon the number of braces that the 
area as determined is a little small. 

Subtracting this area from that of one- 











half the 66-inch circle, as above found, 
is a part of a circle having a diameter we have 
six inches less than the given diameter of sees 8 acl 
e ° ° 1Oo — 792 = 9 Square iwWches 
the boiler and a hight five inches less 4 79 — 
than that of the undiminished segment, as the area to be braced. 
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TO FIND AREA TO BE BRACED IN 


which area is represented by the shaded 
area in the accompanying illustration. 

The area of a circle is the diameter 
multiplied by itself and by 0.7854. It is 
easy, then, to find the area of the circle 
of which the shaded area is a part. Sup- 
pose we are dealing with a 72-inch boiler. 
Allowing for 3 inches on each end of the 
diameter, the diameter of the circle of 
which the segment to be braced is a 
part would be 


72 — 6 = 66 inches, 
and its area would be 
6 


x 6 xX 0.7854 = 3421 square inches; 


and the area of the half circle a bec de 
would be one-half of this, or 1710 square 
inches. 

Now, if from this area the area abde 
is subtracted, the remainder will be the 
required area of the (shaded) portion to 
be braced. The hight fg is the radius, 
one-half the given diameter less the 

hight plus 2, and it will be near 


= 
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If the pressure is 100 pounds per square 
inch, the force to be braced against is 


918 & 100 = 91,800 pounds, 


and if the braces used are good for 8000 
pounds apiece, it will take 


91,800 + 8000 = I1.5 braces. 


We should have to use 12 braces, any- 
way, and these would be good for 


12 500° _ 966 inches, 
while the actual area is 936, instead of 
918, as the above approximate method 
made it. Unless the number of braces 
comes out very nearly square in the cal- 
culation, there will be enough leeway in 
using a whole brace for the fraction to 
make up for the shortness of the area. 
When this fraction exceeds, say, 0.9 safe- 
ty would be 
extra brace 


insured by putting in an 
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The Valuation of a Steam-power 
Plant 


The determination of the value of an 
operating power plant involves the con- 
sideration of many factors, and Charles 
T. Main, of Boston, recently summed them 
up in a paper of which the following is 
an extract: 

The value of a steam-power plant will 
depend upon its character and its 
dition; and its condition depends very 
largely upon the service which it has ren 
dered. With good water and good care, 
running about twelve hours a day, the lif 
of a boiler should be about twenty years, 
or the depreciation of 5 per cent. a year. 
Slow-speed, engines, running ten hours a 
day, can be estimated as having a life of 
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about twenty-five years, or a depreciation 
of 4 per cent. a year. High-speed en 
gines are much shorter-lived, and will not 
average over fifteen years, or a deprecia 
tion of about 7 per cent. a year; and of 
tentimes it is greater when run ten hours 
a day. The depreciation when run twen- 
ty-four hours a day is correspondingly 
greater. Boiler settings and piping should 
be included with the boilers, and engine 
foundations and piping with the engines. 

The life of economizers varies with the 
initial temperature of the entering water 
irom about ten years up to forty. 

The proper type of engine to use de- 
pends upon the use which can be made 
of the steam after passing the engine; 
and if the most economical plant com- 
mercially is not installed, the purchaser 
must make such allowances as will make 
good to him the difference in running ex 
pense over and above what a new plant 
would cost him to run. 

If steam is to be used for power exclu- 
sively, the compound or triple-expansion 
engines of proper designs are the most 
economical, and for mill work the com- 
pound is the more common of the two. 
If more or less low-pressure steam is re- 
quired for other purpose than power, this 
type in a special form can be used to ad- 
vantage, except in such cases as require 
nearly or quite the same amount of low- 
pressure steam as would be exhausted 
from an engine producing the amount of 
power required. Such a condition as this 
might exist where small amounts of pow- 
er and large amounts of low-pressure 
steam are required, as in a dye-house or 
printery, or in case a portion of the power 
is produced from water, and the other 
portion from steam, the power of the 
latter being such as to supply the re- 
quired amount of exhaust steam for the 
various purposes to which it is put. In 
such cases as these it would be absurd 
to add a condensing cylinder to the en- 
gine, and then supply the low-pressure 
steam direct from the boilers through 
reducing valves. The proper type to use 
here would be the simple or compound 
non-condensing engine. 
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The Curtis Steam Turbine in Practice— 
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Details of Construction of a Curtis Turbine Made Plain, with 
Simple, Practical Directions for Its Operation and Adjustment 
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STUDYING THE BLUEPRINTS 


Fig. 8 shows an elevation and part- 
sectional view of a 1500-kilowatt Curtis 
steam turbine. If one should go into the 
exhaust base of one of these turbines, 
all that could be seen would be the under 
side of the lower or fourth-stage wheel, 
with a few threaded holes for the bal- 
ancing plugs which are sometimes used. 
The internal arrangement is clearly indi- 
cated by the illustration, Fig. 8. It will 
be noticed that each of the four wheels 
has an upper and a lower row of buckets, 
and that there is a set of stationary 
buckets for each wheel between the two 
rows of moving buckets. These station- 
ary buckets are called intermediates, and 
are counterparts of the moving buckets. 
Their sole office is to re-direct the steam 
which has passed through the upper 
buckets into the lower ones at the proper 
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FIG. 9 


The wheels are kept the proper dis- 
tance apart by the length of hub, and all 
are held together by the large nut on the 
shaft above the upper wheel. Each wheel 
is in a separate chamber formed by the 
diaphragms which rest on ledges on the 
inside of the wheel-case, their weight and 
the steam pressure on the upper side 
holding them firmly in place and making 
a steam-tight joint where they rest. At 
the center, where the hubs pass through 
them, there is provided a self-centering 
packing ring, Fig. 9, which is free to 
move sidewise, but is prevented from turn- 
ing, by suitable lugs. This packing is 
a close running fit on the hubs of the 
wheels, and is provided with grooves 
(plainly shown in Fig. 9) which break 
up and diminish the leakage of steam 
around each hub from one stage to the 
next lower. Each diaphragm, with the 
exception of the top one, carries the ex- 
panding nozzles for the wheel imme- 
diately below. 
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The expanding nozzles and moving 
buckets constantly increase in size and 
number from the top toward the bottom. 


This is because the steam volume in- 
creases progressively from the admis- 
— 
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CLEARANCE 
While the machine is running it is im- 
perative that there be no rubbing contact 
between the revolving and stationary 
parts, and this is provided for by the 











sion to the exhaust and the entire expan- 
sion is carried out in the separate sets 
of nozzles, very much as if it were one 
continuous nozzle; but with this differ- 
ence, not all of the energy is taken out 
of the steam in any one set of nozzles. 
The idea is to keep the velocity of the 
steam in each stage as nearly constant as 
possible. The nozzles in the diaphragms 




















clearance between the rows of moving 
buckets and the intermediates. Into each 
stage of the machine a two-inch pipe hole 
is drilled and tapped. Sometimes this 
opening is made directly opposite a row 
of moving buckets as in Fig. 10, and 
sometimes it is made opposite the inter- 
mediate. When opposite a row of 
buckets, it will allow one to see the 








and the intermediates do not, except in 
the lowest stage, take up the entire cir- 
cumference, but are proportioned to the 
progressive expansion of steam as it 
descends toward the condenser. 





. II 


amount of clearance between the buckets 
and the intermediates, and between the 
buckets and the nozzles. When drilled 
opposite the intermediates, the clearance 
is shown top and bottom between the 
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buckets and intermediates. See Fig. 11. 
This clearance is not the same in all 
stages, but is greatest in the fourth stage 
and least in the first. The clearances in 
each stage are nearly as follows: First 
stage, 0.060 to 0.080; second stage, 0.080 
to 0.100; third stage, 0.080 to 0.100; 
fourth stage, 0.080 to 0.200. These clear- 
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ances are measured by what are called 
clearance gages, which are simply taper 
slips of steel about one-half inch wide 
accurately ground and graduated, like 
a jeweler’s ring gage, by marks about 
one-half inch apart; the difference in 
thickness of the gage is one-thousandth 
of an inch from one mark to the next. 
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Superheater Construction and Operation 


A Discussion of Types, Their Location, Connections and Treat- 
ment, with Formulas for Computing Area of Heating Surface 





BY J. 


The type of superheater that seems to 
meet the requirements of American prac- 
tice better than any other is that in which 
the heating surface is placed within the 
boiler setting. At first the tendency 
seemed to be toward high degrees of 
superheat, from 200 degrees up to a pos- 
sible 400, but recently a reaction has set 
in and now the demand ranges from I00 
to 150 degrees. Where a superheat ex- 
ceeding 200 degrees is wanted it is not 
good practice to place the superheater 
within the boiler setting, but better to 
make use of the independently fired type. 
The independently fired type occupies 
additional floor space and complicates the 
piping system, but is economical for the 
higher degrees of superheat. 

Except where oil or gas is used, it is 
difficult to maintain a uniform tempera- 
ture of steam in the independently fired 
type, and with any fuel the average 
efficiency is low if large load fluctuations 
take place. Whenever, for any reason, it 
becomes necessary to cut the independ- 
ently fired superheater out of service the 
whole or at least a large part of the plant 
is reduced to saturated-steam conditions. 
The change from superheated to satur- 
ated steam not cnly causes a loss in econ- 
omy during the time of the change, but 
it introduces severe strains in the piping 
system, which result in opening up joints 
and increasing the deterioration. 


Most EFFicieENT TyPE FOR ORDINARY 
SUPERHEAT 


The superheater contained within the 
boiler setting is the most efficient type for 
degrees of superheat not exceeding 200. 
It has the added advantage that it does 
not require any additional space for its 
installation, except in some cases an in- 
crease in the hight of the boiler. It can 
be installed without any additional piping 
over that required for a simple boiler. If 
properly located it will deliver a fairly 
uniform temperature of steam and will 
automatically follow the fluctuations in 
the boiler load. Whenever it is necessary 
to cut out a superheater only one unit is 
lost and the other units will take care of 
the loss by carrying an overload, thus pre- 
venting any wide temperature change in 
the piping system or an appreciable loss 
in economy. 

In the boiler-setting type the super- 
heater is forced whenever the boiler is 
forced, but the temperature of the escap- 
ing steam may fluctuate on account of 
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leaving the fire doors open too long or 
firing too heavily or irregularly. Where 
there are a number of boilers in a bat- 
tery the temperature of the steam at the 
engines should not vary, as the fluctua- 
tions in temperature do not occur at the 
same time in all the boilers, and therefore 
the average of all the boilers should be 
nearly constant. Superheaters of this type 
can be designed so that they will com- 
pound on overload; that is, the degree of 
superheat will increase with the load up 
to a certain amount. 


LocATION AN IMPORTANT POINT 


The location of the superheater in the 
boiler setting is a very important point, 
but there are certain rules and reasons 
that help to determine where it should 
be placed in a particular type of boiler. 
The temperature of superheated steam at 
I50 pounds pressure superheated 200 de- 
grees is 566 degrees, and if it were desired, 
to place a superheater in a boiler to meet 
such conditions, it is evident that if the 
temperature of the escaping gases were 
500 degrees it would be impossible to 
place the superheater near the uptake. It 
would be necessary to place the super- 
heater at some point in the setting where 
there would be a sufficient temperature 
drop between the gases and the super- 
heating surface to cause the necessary 
heat transfer. The nearer the furnace the 
greater will be the temperature drop from 
the gases to the steam and a greater heat 
transfer per square foot of heating sur- 
face per hour. Therefore, for a given de- 
gree of superheat the superheater that is 
placed closest to the furnace will require 
the least heating surface per horse-pow- 
er, and for a given design the superheater 
having the least heating surface is the 
cheapest to build. 

If the superheater is placed at such a 
point in the setting that the gases exceed 
1000 degrees, it is necessary to provide 
for flooding with. water whenever the flow 
of steam through the superheater is 
stopped or during the raising of steam. 
Except in certain special cases flooding is 
objectionable and the superheater should 
be placed just beyond the point where the 
average temperature of the gases has 
reached 1000 degrees. In the average 
water-tube boiler having a furnace tem- 
perature of 2500 degrees and an uptake 
temperature of 500 degrees, 75 per cent. 
of the total amount of steam has been 
generated when the gases have passed 


BROWN 


over 40 per cent. of the heating surface 
and have dropped to a little less than 
1000 degrees. 

Besides the above there are other con- 
siderations such as adaptability to the de- 
sign of the boiler, and accessibility for 
cleaning and repairs. 


STEEL BeTTER THAN Cast IRON FOR ALL 
PARTS 


The early types of superheaters were 
constructed largely of cast iron, and con- 
siderable cast iron is used in their con- 
struction today, but the tendency at pres- 
ent is toward steel for all parts. The 
average cast-iron pressure part is unreli- 
able when subjected to severe temperature 
changes and will not compare in safety 
with cast-steel, forged-steel or drawn-steel 
parts. For the superheating surface noth 
ing equals the seamless, drawn tube of 
small diameter and heavy gage. Con 
sidering adaptability as well as cost the 
2-inch No. 8 gage seamless tube is the 
cheapest per square foot of heating sur 
face. The heavy gage is necessary in 
order that the tube may support itself in 
the boiler under the high temperatures. 
The headers or manifolds should be con- 
structed of either forged or cast steel, 
and should be very rigid so as to with 
stand the expanding of the tubes, which 
is much the best method of making the 
joints. 


FREEDOM OF EXPANSION ESSENTIAL 


The freedom of expansion of each of 
the elements of heating surface is very 
important and should be given carefu! 
consideration. The U-bend provides abso- 
lute freedom and cannot produce any 
strain on the joints, provided its move- 
ment is not restrained by hangers or 
clamps. In designs where straight or 
slightly curved tubes are expanded at each 
end into manifolds considerable trouble 
is experienced with leaky joints due to 
the difference in expansion of the tubes 
and the rigidity of the manifolds. 

In properly designed all-steel superheat 
ers very few repairs will be required, but 
just as careful provisions should be made 
for such repairs as if they were of fre 
quent occurrence. All the expanded joints 
and all the manifold cover-plates should 
be easily accessible for inspection and re 
pairs without too great discomfort or in 
convenience on the part of the operating 
force. Access doors should be provided 
so that any one of the heating-surface el- 
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ements can be removed without disturb- 
ing the brickwork of the boiler. 


FLoopING 1s UsuaLLty A DISADVANTAGE 


There are a few conditions under which 
flooding the superheater is advantageous, 
but under most conditions it is a*decided 
disadvantage, increasing the first cost, 
complicating the piping, increasing the 
cost of maintenance and shortening its 
life. There are a great many plants that 
can be operated with the greatest economy 
by installing a turbine using superheated 
steam, to carry the load from six in the 
morning until midnight, and for the light 
load of the other six hours use a Corliss 
engine that has been discarded for the 
heavy service and must of necessity oper- 
ate with saturated steam. ll super- 
heaters with flooding connections should 
be provided with a drain of ample size to 
rapidly remove the water, and the drain- 
pipe should have a gage-cock so that the 
operator can know positively when the 
superheater is drained. Failure to com- 
pletely drain the tubes has caused slugs 
of water to be carried over to the engine 
or turbine. 

Flooding has a very bad effect on the 
steam lines, due to the sudden change of 
temperature from superheated to satur- 
ated conditions and vice versa. It has a 
very bad effect on the hand-hole or man- 
hole joints of the manifolds, and it is a 
good gasket and a well-made joint that 
will stand for any length of time under 
repeated flooding. The piping connec- 
tions to the manifolds, unless specially 
designed and assembled with great care, 
will not withstand the severe conditions 
for any length of time. 

Where water contains scale-forming 
material it does not take very long to de- 
posit enough scale on the heating surface 
to seriously reduce the transfer of heat, 
and as very few, if any, superheaters are 
designed so that scale can be readily re- 
moved, such a formation not only reduces 
the efficiency but shortens the life of the 
superheater. 

When flooding is frequent or contin- 
uous the valves in the flooding connection 
become corroded and coated with scale 
to such an extent that they cannot be 
made tight, with the result that water 
leaks into the superheater. One pound of 
water will require for its vaporization at 
150 pounds pressure enough heat to re- 
move the superheat from to pounds of 
‘team at 150 degrees superheat, which 
shows that a very small leak will reduce 
the temperature of the escaping steam 
‘onsiderably. A superheater designed for 
‘ooding should be so constructed that 
each element of heating surface is per- 
‘ectly free to expand without producing 
‘train on any other element. 


UsE OF THE PoP VALVE 


Most types of superheater are attached 
the boiler in such a manner that only 


POWER 


Saturated steam passes through the pop 
valves. In some plants the condition 
arises that the boilers may be forced 
above their rating and, without notice to 
the fire-room staff, the entire load thrown 
off. The result of such a condition is 
that the pop valves open and discharge 
the steam that is being generated, but 
there is no flow through the superheater. 
A high furnace temperature may be main- 
tained for some time even though the 
fire-room force understand that the load 
is off and this condition is apt to be more 
marked where stokers are used. The high 
temperature may warp or burn the tubes 
of the superheater before it is possible to 
flood them, and to overcome this possi- 
bility, automatically, a pop valve is placed 
in the superheater outlet and set several 
pounds lower than the pops on the boiler 
drums. The effect of this arrangement 
is to maintain a flow of steam through 
the superheater at all times. A stop-valve 
should be placed between the superheater 
and the pop valve, which should be closed 
when the superheater is flooded in order 
to prevent the pop valve from throwing 
water and possibly scalding someone. 


CONNECTIONS, PIPING AND VALVES 

The steam connections between the 
boiler and the superheater should prefer- 
ably be made of seamless tubes of stand- 
ard size, with expanded joints. Bent 
tubes are much better for this part than 
straight tubes with the necessary added 
number of joints. Where a flanged joint 
is to be made between manifolds or bent 
pipes, or where the conditions are such 
that the two flanges cannot be ground 
together, it has proved good practice to 
make both of the flanges with a female 
groove and grind into each of them a 
cast-iron ring. It requires less care and 
work in assembling this type of joint if a 
soft-steel corrugated gasket is inserted 
on each side of the cast-iron ring. Both 
of these joints will stand the severe 
strains due to flooding. The outlet pip- 
ing should all be extra heavy and have 
extremely heavy flanges to withstand the 
expansion strains that develop in a sta- 
tion using superheated steam. 

The flooding pipes should be of extra- 
heavy pipe and the joints made up hard, 
and the design should be such that there 
can be plenty of freedom for expansion. 
The valves in the flooding connections 
should be very heavy and designed so 
that they can be easily reground. It is 
very essential to keep these valves tight 
when the superheater is not flooded. In 
practice the operating force frequently use 
wrenches or bars to close these valves in 
order to be sure they are tight. The re- 
sult is that the threads in the bonnet are 
strained and stretched to such an extent 
that the valve body leaks. To overcome 
this it has been found necessary to install 
much heavier valves than the pressure of 
the system calls for. 
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SUPERHEATERS NEED ATTENTION 


There seems to have been created a 
general impression that a superheater 
needs no more attention than the boiler 
to which it is attached. This is far from 
being the case. A very small deposit of 
soot materially reduces the temperature 
of the steam leaving the superheater. 
Most all makes of superheaters are so 
designed that they collect more soot and 
retain it better than the water-heating 
surface of the boiler. Those types that 
use ribbed tubes collect the soot very 
rapidly and soon fill up the grooves. They 
should be blown much more frequently 
than the water-heating surface of the 
boiler, and whenever the boiler is shut 
down for cleaning the ribbed tubes should 
be brushed with a wire brush. 

In other types using small tubes placed 
close together, the same care must be used 
in blowing frequently and when the boiler 
is shut down a stick could be run be- 
tween the tubes to break the soot bridges 
that form and cut down the area of the 
gas passage. The soot deposit not only 
reduces the transfer of heat per square 
foot per hour, but the choking of the 
tubes increases the resistance to the flow 
of the gases which is equivalent to a re- 
duction in the draft. Both the efficiency 
and the capacity are reduced. Few engi- 
neers give as much care to the boiler 
equipment as they do to the engines and 
electrical apparatus, and yet there is a 
greater chance to save in the boiler room 
than in the engine room, after the plant 
is designed and in operation. 


FORMULAS FOR COMPUTING AREA OF HEAT- 
ING SURFACE 

The number of square feet of heating 
surface per horse-power for a_ given 
amount of superheat can be found by the 
use of the following formulas, in which 
the specific heat of superheated steam has 
been taken at 0.50, which is sufficiently 
accurate for this work. Let S = super- 
heat in degrees Fahrenheit, 7 — temper- 
ature of the gases at the point in the boil- 
er where the superheat is to be located, 
X = square feet of superheating surface 
per boiler horse-power, and ¢ = temper- 
ature of saturated steam at the pressure 
to be carried. It has been found that 3 
B.t.u. of heat will be absorbed per square 
foot of heating surface per hour for each 
degree difference in temperature between 
the temperature of the gases striking the 
heating surface and the temperature of 
the steam in the tubes. Thirty pounds of 
water will be taken as the equivalent of 
one horse-power. 

The heat absorbed by the superheater 
per boiler horse-power-hour will be 


equal to 
30 X 0.50 X S. 


(1) 


The heat absorbed by the superheater 
per square foot per hour will be equal to 


3&é* (T—t—¥S). (2) 
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This expression is based on the assump- 
tion that ¢ + % S is the average tem- 
perature of the steam in the superheater. 

Dividing (1) by (2) we get the number 
of square feet of heating surface per 
boiler horse-power : 


30 X 0.50 X S 
3X(T—t#—¥%S)’ 





X= 


which reduces to the form 


10 S 
“sy 5 (3) 





The only quantity to determine before 
using this formula is T, the temperature 
of the gases striking the superheater. If 
the boiler to which the superheater is to 
be attached is already in operation this 
quantity can be secured by taking a series 
of temperature readings at the point in 
the boiler where the superheater is to be 
inserted. If it is not possible to secure 
these readings, the following formula can 
be used and fairly accurate results se- 
cured: 


I 
(TF — A 0.16 = 0.172 H + 0.294. (4) 


Here 

T = Temperature of the gases, 

t = Temperature of the saturated steam, 

H = Per cent. of the total boiler heat- 
ing surface between the furnace and the 
superheater. 

The above formula was worked out for 
a pressure of 175 pounds, and therefore 
t = 378 degrees. The furnace temper- 
ature was taken at 2500 degrees and the 
escaping gases at 500 degrees. 

The following table will save the 
trouble of working out the formula, but 
the best way is to plot a curve. 


H (T-t) T (when ¢t = 378°) 
0.00 2122 2500 
0.10 1474 1852 
0.20 1053 1431 
0.30 765 1143 
0.40 565 943 
0.50 423 801 
0.60 321 699 
0.70 246 624 
0.80 191 569 
0.90 150 528 
1.00 122 500 


As an example of the use of the above 
formulas, assume that a superheater is 
required to give 150 degrees of superheat 
at 175 pounds pressure and be located at 
such point in the boiler that the gases 
have passed over 0.40 of the total boiler- 
heating surface before reaching the super- 
heater. Referring to the table derived 
from formula (4) we find opposite 0.40, 
and under the column headed (T—+) 
the number 565. Substitute this quantity 
in formula (3) and also 1so for S and 
solve for X. We find that X = 1.53 square 
feet of superheating surface required per 
hoiler horse-power. Formula (4) and the 
table are based on an escaping gas tem- 
perature of 500 degrees, which may not 
be true for all types of boiler, and if the 
correct temperature of escaping gas is 
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known for a particular boiler it is best 
to plot a curve from formula (4) and, if 
necessary, extend it below a temperature 
of 500 degrees and thus secure the cor- 
rect temperature value for T. 


SAVING EFFECTED BY SUPERHEAT * 


The addition of a superheater to a 
boiler will reduce the temperature of the 
escaping gases and should not increase 
the radiation losses by an appreciable 
amount. The reduction of the temper- 
ature of the escaping gases will produce 
a slight increase in efficiency. The eff- 
ciency of a boiler that delivers its gases at 
a high temperature will be greatly bene- 
fited by the addition of a superheater, but 
there might be a loss if a superheater 
were added to a boiler that delivers its 
gases at the minimum allowable temper- 
ature. In making estimates it is. best to 
use the same efficiency for the combina- 
tion of boiler and superheater as would 
be used for the simple boiler. For each 
pound of steam superheated 2 degrees one 
heat unit must be furnished by the fur- 
nace, and the furnace will have the same 
efficiency when delivering heat to the 
superheater as when delivering to the 
water-heating surface only. 

If a pound of superheated steam re- 
quires 5 per cent. more heat than a pound 
of saturated steam at the same pressure, 
then 5 per cent. more coal will be re- 
quired to generate the pound of super- 
heated steam over that required for the 
saturated. In other words, you must pay 
just as much for a heat unit in super- 
heated steam as for one in saturated. The 
saving due to superheat advertised by 
turbine and engine builders is not the 
saving in coal, but only in steam, and the 
fact that the pound of superheated steam 
costs more than the pound of saturated 
steam is often overlooked. 

As an example, assume a plant operat- 
ing under 175 pounds pressure with feed 
at 211 degrees and with 150 degrees super- 
heat. A turbine under these conditions 
should show a saving of 12 per cent. over 
saturated steam at the same pressure, 
figuring the water consumption only; but 
the saving in coal is only 6 per cent., 
assuming 0.5 as the specific heat of super- 
heated steam. In some installations it 
can be shown that if the actual saving in 
coal is figured, the saving is so small that 
it does not pay for the increased cost of 
installation and maintenance. When the 
conditions and the design are right the 
saving will pay a fair return. 

The time should not be far off when 
we can purchase generators whose only 
functions are to generate and superheat 
steam. A generator of this type would 
receive its feed-water from an economizer 
at a temperature closely approximating 
the temperature of saturated steam at the 
boiler pressure; it would then furnish the 
heat of evaporation and thé heat for sup. 
erheating. The temperature of the gases 
leaving the generator and entering the 
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economizer would be higher than present 
practice, and the generator would occupy 
less space and the economizer more space 
than at present. The storage drums 
would be a part of the economizer and 
no drums would be necessary on the gen- 
erator. It would be a decided advantage 
to have the superheater designed as a 
part of the generator rather than as an 
accessory. 





Coal and Timber Lands 





Mr. Garfield, Secretary of the Depart- 
ment of the Interior of the United States, 
recommends that the coal lands now held 
by the Government be leased in order that 
they may be operated for the benefit of 
the public. There are now about seventy 
million acres of land in the western states 
that are underlaid with coal. The coal 
lands remaining in the public domain, he 
says, should be dealt with so as to pro- 
mote development and use, and to pre- 
vent waste and monopoly, and this end 
can be best attained by leaving the title 
in the hands of the Government and leas- 
ing the lands under such regulations as 
will protect the rights of the people. 

A tremendous blunder is made when 
coal lands, timber lands, and water pow- 
ers are handed over to private individuals 
and corporations, instead of being retained 
for the public uses for which they were 
intended. In the early stages of a coun- 
try’s history, the value of these resources 
is underestimated because of the lack of 
the capital and labor to develop them, and 
of the population required to furnish a 
market. Governments are then induced 
to part with them upon easy terms, upon 
the plea that they are useless to nobody 
unless they are developed. The plea is 
specious but worthless. No harm is done 
if the resources are left undeveloped un- 
til they are required for the use of the 
people. They will not run away. But 
great harm is done if, when the popula- 
tion does come, it is found that a large 
part of their heritage is in private hands, 
and the people are required to pay exorbi- 
tant prices for their own property.— 
Toronto Daily Star. 





It Says ‘* Unexplained "’ 





A daily contemporary reports a recent 
accident as follows: 

An unexplained explosion of gas oc- 
curred at 2 o’clock yesterday morning in 
the smoke-box of a boiler at the island 
end of the water-works tunnel. The 
“walking boss,” seeing that the boiler was 
not steaming properly, opened the door 
of the smoke-box to see if the flues were 
choked. As he could not see very well, 
he struck a match and passed it to his 
taller companion, who advanced it to the 
front of the smoke-box. A loud explosion 
followed. 
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Technical Aspects of Oil as Fuel—Vill 


Construction and Efficiency of Oil Engines ( Daimler, Diesel, 
Haselwander ) Using Benzol and Other Low-priced Coal-tar Oils 





BY 


With the Haselwander engine one 
thing seems to be certain: that ignition 
takes place after all the fuel has been 
injected, that it is provoked less by the 
compressed air than by the fine incan- 
descent soot with which the inner surface 





of the combustion chamber is coated, and 
that combustion is of a continuous rather 
than of an instantaneous nature. Ex- 
pressing the action in scientific terms we 
would say that provocation of ignition is 
due to catalytic or pyrophoric action of 
the walls. This will become clearer when 
studying the working process of the en- 
gine from Fig. 48. On its outward stroke 
the piston aspirates pure air through the 
inlet valve M. At the end of the stroke 


_the oil valve B is opened and fuel enters 


into C, remaining stored in front of the 
nozzle D. During the following return 





stroke the air is compressed in the power 
cylinder. When nearing the inner dead 
center a projection E on top of the piston 
enters the opening F, thereby separating the 
air in the space G from the body of air in 
the valve chamber, and compressing it toa 








higher degree than the latter. This spray- 
ing air enters through the channel H into 
the chamber C, there displacing the stored 
oil and injecting it through passage /, in 
finely atomized form into the combustion 
chamber, where it meets the air necessary 
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economy at normal load was 220 grams 
or 0.484 pound of oil per effective horse- 
power-hour. 


THE TRINKLER ENGINE 


Similar to the Haselwander engine, 





Vertical Section X-Y 





Horizontal Section 


FIG. 48 


for complete combustion and is ignited. 
Then follows the expansion stroke. 

The engine is started by using gasolene 
and an electric igniter. After a few 
revolutions have been performed in that 
way the current and the gasolene are turned 
off, and self ignition of the oil fuel be- 
gins. The two diagrams, Fig. 49, show 
that constant-volume combustion takes 
place, the pressure rising from 20 atmo- 
spheres at the end of compression to 48 
atmospheres maximum. That the com- 
bustion is nearly perfect can be seen 
from the accompanying test table, show- 


ar 
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this one differs in that the air which 
serves to inject the oil into the combus- 
tion chamber is compressed by a sep- 
arate little piston located in the cylinder 
head. The pressures employed are lower 
than in the Diesel so that the engine can 
be built less massive. The compression 
of air alone in the main cylinder is 
carried to about 29 atmospheres, where- 
upon combustion at constant volume 
takes place, followed by combustion at 
constant pressure. It is difficult to dis- 


tinguish between the latter and after- 
burning. 


From the diagram, Fig. 50, 








FIG. 49 


ing the consumption figures and the ex- 
haust temperatures of a 10-horse-power 
engine running on Pechelbronn oil 
specific gravity 0.7945, calorific value 1o,- 
200 to 10,500 calories per kilogram or 
18,360 to 18,540 B.t.u. per pound). The 





showing indicator cards at full load and 
no load, it will be seen that the process 
represents a sort of “missing link” be- 
tween the Haselwander and the Diesel 
cycles, or between constant-volume and 
constant-pressure combustion. However, 
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it remains for the academic investigator 
to prove by mathematical analysis 
whether the card is at variance with the 
theory or the theory with the card. 


EFFICIENCY TESTS 


The municipal electric central station 
of Berlin-Friedenau is equipped with two 
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with cranks set at angles of 120 degrees 
from each other. From the free end of 
the crank-shaft a two-stage compressor 
with water intercooler is driven, furnish- 
ing compressed air of 60 to 80 atmo- 
spheres (852 to 1136 pounds per square 
inch), for injecting and spraying the 
oil in the combustion chamber. The 
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twin engines of 250 horse-power capacity 
each. The normal speed is 155 revolu- 
tions per minute. A temporary overload 
of 300 horse-power can be carried. The 
engines are direct-connected to two dyna- 
mos. The reasons for installing oil en- 
gines in this particular plant were the 
small floor space required, cleanliness of 
operation, absence of grate firing, smoke 
stack and smoke nuisance; immediate 
readiness to start, and very low fuel 
cost. The two fly-wheels, one of 3.7 
meters diameter and 7 tons weight, the 
other of 4.2 meters diameter and 15 tons 
weight, keep the irregularity of speed 
down to 1/140. The starting is done 
by compressed air and requires 8 minutes 
altogether. Regulation of the fuel valves 
at varying loads is obtained with great 
exactness. The fuel used is paraffin oil, 
the point of inflammation of which lies 
above 100 degrees Centigrade, which is 
beyond the danger zone. The combustion 
is so perfect that no unburnt residue is 
left in the cylinder, so that after 16 
months of continuous operation clean- 
ing was found unnecessary. The average 
heat value of the oil is 10,000 calories 
per kilogram or 18,000 B.t.u. per pound, 
and the cost is $17.20 per ton. It is 
sold by the brown coal oil syndicate at 
Halle. In a recent test made with oil 
of ggoo calories per kilogram or 17,820 
B.t.u. per pound, the fuel consumption per 
effective horse-power-hour at full load 
was found to be 175 grams and at half 
load 212 grams or 0.385 and 0.466 pound 
respectively. It is evident that the con- 
sumption at half load exceeded that at 
full load by only 21 per cent. The amount 
of cooling water used in the jacket was 
10 liters, or 2.64 gallons, per horse-power- 
hour. 

Another test was recently made on a 
500-horse-power Diesel engine and electric 
generator built by Sulzer Brothers, of 
Winterthur. It is a three-cylinder engine 





FIG. 50 


cylinder diameter is 550.3 millimeters and 
the stroke 780 millimeters, or 21.6 and 
30.7 inches respectively. The two com- 
pressor cylinders have diameters of 90.1 
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FIG. 51 
and 270.1 millimeters, or 3.5 and 10.6 
inches, respectively, while the stroke is 
300 millimeters or sr inches. and 


the speed 148 to 150 revolutions per 
minute. At the other end of the shaft 
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a clutch is provided which couples the 
crank-shaft with the fly-wheel shaft. The 
latter carries two pulleys of 334 meters 
diameter, from which the dynamo is 
driven by two wide belts. The fuel con- 
sumption at full load was 0.2 kilogram 
(0.44 pound), at three-quarters load 0.22 
kilogram (0.484 pound), at half load 


At No Load 








0.25 kilogram (0.55 pound), and at one 
quarter load 0.33 kilogram (0.726 pound) 
per effective horse-power-hour. The heat 
ing value of the oil used is said to have 
been 4500 calories per kilogram of 8100 
B.t.u. per pound, which would seem ex- 
traordinarily low. The accompanying 
diagram, Fig. 51, shows the distribution 
of the various losses; compressor, engin¢ 
friction, belt transmission and dynamo, at 
various loads: I, 501 horse-power; I] 
228.1 horse-power; III, 131 horse-power, 
as received by the dynamo. 


DEFECTS OF COMBUSTION IN DIESEL 
ENGINES 


In a preceding article of this series 
(Power, January, 1908, Figs. 31 and 32 
diagrams were reproduced showing the 
heat-consumption curves of a 200-horse- 
power Otto gas engine and of a 200 
horse-power Diesel oil engine. Accord- 
ing to the amount of air which is theoret- 
ically required to support combustion of 
the liquid fuels in question, the upper 
limit of heat influx in the latter type is 
apt to be somewhere in the neighbor- 
hood of 600 calories per cubic meter 
(67.2 B.t.u. per cubic foot). Both the Otto 
engine, when equipped with quality gov- 
erning, and the Diesel engine embody the 
characteristic feature of weakening the 
mixture with loads decreasing from full 
to nothing by reducing the quantity of 
fuel injected, while the supporting air re- 
mains a constant amount. 

According to the theoretical efficiency 
curve, as well as owing to the fact that 
the range of expansion of the gases in 
creases with decreasing load, the favor 
able effect of weakening the mixtur 
should make itself felt more marked; 
than is apparent from the consumptio! 
figures cited. It may therefore be of 1! 
terest to consider the causes which te! 
to spoil the good features of the Dies 
combustion process. 
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The Specific Heat of Superheated Steam—ll 


An Account of the Chase for This Elusive Quantity, with a Com- 
parative Study of Results Obtained by Various Experimenters 





BY PROF. 


Another investigator who has offered 
original contribution to our knowledge of 
the subject is Dr. Lorenz, who reports in 
the Zeitschrift des Vereincs Deutscher In- 
genieure for 1904, page 700, the results of 
passing superheated steam through a wa- 


ter-cooled continuous calorimeter. Lorenz 
quotes the experiments of Hoxie and 
Wood, under Professor Carpenter, at 


Sibley College in 1892, as being the first 
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direction. Lorenz’ experiments are re- 
ported as giving the results shown in 
Table 3. 


If we overlook the fact that the values 
given in Table 3 are the average specific 
heats over quite wide ranges of tem- 
perature, instead of the instantaneous 
values for the stated temperatures, the 
table throws some light upon the varia- 
tion of specific heat with temperature as 
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Variation of specific heat with pressure. 
As Professor Carpenter himself suspected 
accuracy of these results, Dr. Lorenz 
turns to the later experiments of Pro- 
fessor Jones in the same laboratory, in 
, as even more closely paralleling his 
1 results, as shown in Table 2. These 
figures, it is to be noted, take no cogni- 
zalice of any effect of temperature in vary- 
ing the specific heat. Indeed, the nature 
the experiments precluded any pos- 
sibility of accurate information in that 


regularity or “law” of variation may be 
involved, it is exhibited in Fig. 1, by the 
star-shaped points. It is to be noted, 
however, that Lorenz’ methods are open 
to some criticism, and therefore his con- 
clusions to some doubt. In the first place, 
he chose an instrument, the continuous 
calorimeter, from which it is exceedingly 
difficult to get a reliable reading. Con- 
siderable time is involved in each reading, 
and the slightest variation in conditions 
during that time results in error out of all 
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proportion to the cause. In the second 
place, he permitted a considerable varia- 
tion of pressure to occur within the in- 
strument. This necessitates an elimination 
by computation, the data for which we 
lack. How much this computation may 
amount to in the accuracy of results is 
shown by the discrepancy between col- 
umns 3 and 4 of Table 3. 


TABLE 2. 


SPECIFIC HEAT ACCORDING To 
Pressure by Gage. 
Jones, Lorenz. 

Zero 0.484 

5 lbs 0.492 awe 

12 ” veces 0.501 
ss. * 0.523 sneaks 
43} — 0.515 
65 “ 0.563 

83 (aside 

85 - 0.614 babeoe 
105 " 0.645 0.588 
113 os 0.636 


When it is added to this that doubt ex- 
ists between the authorities as to the 
method of elimination of this error—- 
a matter which will be referred to again 


TABLE 3. 
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42.8 | 563| 0.477 | O491 | 7.8| 115 
41.2 | 641] 0.473 | 0.483 | 7.1] 153 
82.1 | 405 | 0.605 | 0.625 | 5.7) 61 x 
82.2 | 405 | 0.617 | 0.640 | 5.7| 596 | 7 
82.1 | 535 | 0.564 | 0.572 | 4.3 | 124 3 
83.9 | 609 | 0.552 | 0.558 | 4.3 | 141 1.5 
112.7 | 432] 0.685 | 0.710 | 6.6| 66 5 
112.8 | 503 | 0.634 | 0.646 | 5.6 | 105 4 
112.9 | 597 | 0.568 | 0.571 | 4.3 193 3 





later—as well as to the data, it becomes 
obvious that the pressure variation is suf- 
ficient to vitiate considerably the conclu- 
sions. Finally, the influence of radiation 
as a source of error was not sufficiently 
removed. The last column of Table 3 
gives what Lorenz calls the air correction 
for this factor, amounting to too large a 
percentage of the quantities measured to 
be accepted without question. 

Lorenz’ results have been 
into some probability of a law of varia- 
tion of specific heat by Prof. Robert H. 
Smith, of London, in The Engineer 
(London) for 1904, Part II, page 25. 


worked up 
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Professor Smith finds only eleven points 
upon which to build six different curves, 
for the specific heat at six different pres- 
sures. Yet it is interesting to note the 
general similarity in form between his 
curves and those published by Knoblauch 
and Jakob thirty months later, and repro- 
duced here as Fig. 2; with perhaps an 
even greater similarity with the author’s 
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tions based upon the assumption that 
the specific heat is constant from the 
point of saturation up to the region ob- 
served. This assumption is quite un- 
necessary. It is the more apt to be re- 
sented by the careful reader, too, because 
of the elaborate deduction of the equation 
finally used by the juggling of differential 
and integral equations, giving a great ap- 
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words, these converging curves are not al- 
together a representation of the physical 
facts of the varying specific heat, but are 
largely a mere graphical exhibit of the 
mathematical assumption, by the investi- 
gators, that the symbol S, in certain of 
their equations, was a constant and might 
come outside the integral sign, when in 
reality it was not. 

Then, too, the experiments of Knob- 
lauch and Jakob were vitiated by pres- 
sure-drop within the calorimeter, just as 
were those of Lorenz, although not to the 
same degree. 

For all these reasons the writer has 
taken occasion to re-compute all of Knob- 
lauch and Jakob’s data. To do this it was 
necessary, it is true, to assume a con- 
stancy of specific heat within the tem- 
perature range of the calorimeter; but it 
was not necessary to assume constancy 
all the way from the saturation point, as 
did the experimenters. It was necessary, 
it is true, to eliminate the error due to 
wire-drawing, by computation based upon 
the uncertain volume data of superheated 
steam; but it seemed to the writer much 
more accurate to do this by the use of iso 
thermals than to follow the experiment- 
ers’ use of the formulas for wire-drawing 
At any rate, the author’s method, whether 
better or worse, was a parallel one. His 
results are presented, not as correct values 
for the specific heat, but to show what a 
difference it may make how one computes 
his results after the data are secured. 








FIG, 2 


curves as shown in Fig. 1. But beyond 
a general similarity of form, there is a 
complete lack of coincidence or corrobora- 
tion between any of the set. 

Two other series of experiments of this 
same class are to be mentioned at present. 
First comes that reported by Knoblauch 
and Jakob in the Zeitschrift des Vereines 
Deutscher Ingenieure for January, 1907. 
These gentlemen also used the method 
adopted by Lorenz, that of varying the 
temperature of the superheated steam 
under constant pressure, whereby the heat 
involved could be observed directly. 
Whereas Lorenz cooled the steam in a 
water-chilled pipe, Knoblauch and Jakob 
heated the steam by the addition of elec- 
trical energy. 

The results of these later experiments 
are open to the same general criticism ap- 
plied to those of Lorenz, viz, the pres- 
sure was permitted to vary considerably, 
from friction, as the steam passed through 
the superheater. 

Radiation losses seem to have been 
cared for more skilfully by Knoblauch 
and Jakob than by Lorenz. But on the 
other hand, another and a larger source 
of error is introduced, and one quite 
easily to be avoided. This error arises 


from their method of computing their re- 
sults from their data, in the use of equa- 


blanket assumption of constancy of spe- 
cific heat, which was finally adopted just 
before computations based upon the equa- 
tion were begun, been adopted at the 
start, the differential and integral signs 
might have been swept from the page and 
the final result nowise altered. Simple 
algebra would have replaced the calculus. 

It is further to be noted that this 
assumption, in the premises, of constancy, 
of the very quantity whose law of varia- 
tion is sought, is in itself a serious dis- 
count to the probabilities of success. Fig. 
2, for instance, shows the experimenters’ 
method of stating the law of variation of 
specific heat. The curves of constant 
specific heat start from points widely 
divergent at the left, according to the 
pressure, and converge as the temperature 
increases. But if we should take any 
variable natural quantity. whatever — say 
the average hight of men, as you meet 
them, on different blocks of the city—and 
treat the observations mathematically as 
Knoblauch and Jakob have treated their 
data, averaging all earlier results in with 
all later ones, the final result must be a 
set of curves which converge, as one pro- 
ceeds, like those which these experiments 
exhibit. This statement. will hold true, 
whatever may be the nature of variation, 
within the law of probabilities. In other 


TABLE 4. 


Average 











Test | Average | Tempera- SPECIFIC HEA 
Number Pressure |ture, Deg.| 
: ‘by Gage.| Fahren- IK and j,| Re-com 
heit. - and “.) puted 
1 14.0 300 0.478 0.414 
2 ™ 370 | 0.470 0.402 
3 465 | 0.474 0.463 
4 475 | 0.474 0.430 
5 566 0.476 0.449 
6 655 | 0.486 0.427 
7 661 | 0.494 0.450 
8 42.1 339 | 0.502 0.494 
9 ip 411 | 0.490 0.472 
10 501 0.487 0.479 
11 580 0.485 0.470 
12 582 | 0.491 0.414 
13 578 | 0.490 0.550 
14 662 0.500 0.492 
15 70.6 366 0.531 0.514 
16 “ 424 0.502 0.500 
17 500 0.492 0.476 
18 584 0.490 0.472 
19 661 0.502 0.490 
20 99.0 370 0.557 0.554 
21 an 464 0.500 0.483 
22 563 0.490 0.474 
23 563 0.488 0.480 
24 564 0.498 0.491 
25 653 0.501 0.488 
26 662 0.504 0.492 
27 673 0.509 0.409 
The author’s values are presented 


graphically in the lower portion of Fig. 
1, for contrast with the similar curves of 
Fig. 2 derived by the experimenters from 


the data. 


same They are presented 
numerically in Table 4. The exper 
menters’ curves marked “2, 4, 6 and 


kg/cm,” respectively, signify pressures of 
14, 42, 70% and 99 pounds per square inch 
by gage. 
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The Exhaust of the Internal-com- 
bustion Engine 





By H. Appison JOHNSTON 





There is a story current among en- 
gineers to the effect that one of the most 
successful of the early steam-engine ex- 
perts, when sent to adjust an unsatisfac- 
tory engine, always asked first to be al- 
lowed to smell the exhaust. He then 
casually looked over the engine and 
prescribed the remedy for its failing. It 
is quite probable that the expert used his 
eyes and ears, as well as his nose, in 
making his examination, but the fact 
stands out clearly that the examination 
of the exhaust of an engine by a trained 
man reveals to him a great many points 
as to the condition of its mechanism. 

From the exhaust of the internal- 
combustion engine much more can be de- 
termined than from the exhaust of the 
steam engine. 


THE MIXTURE 


The internal-combustion engine derives 
its power from the expansion of heated 
gases, the products of combustion. It is 
essential for efficient working that the 
fuel should be burned completely, and as 
nearly as possible instantaneously. If 
the fuel is not burned quickly, a great 
amount of heat is carried off by the ex- 
haust gases instead of being turned into 
work, and if any portion of the fuel re- 
mains unburned, that much, of course, is 
entirely lost. For rapid and complete 
combustion, fine division of the fuel, in- 
timate mixture, and proper proportions 
of air and fuel are necessary. The mix- 
ture must be ignited exactly at the right 
moment; if ignited too soon, much heat 
is lost to the water jacket while the crank 
is passing the center; if ignited too late, 
the pressure does not reach its maxi- 
mum until after a considerable part of 
the piston movement is completed. 


Too Mucu Fue. 


The exhaust from an internal-combus- 
tion engine should be colorless and have 
very little odor. When the exhaust is 
perceptibly dark in color, the primary de- 
duction is that all the fuel has not been 
consumed. The darkness is caused by 
small particles of carbon which form the 
residue when any hydrocarbon is burned 
With insufficient oxygen for complete 
combination. The affinity of oxygen for 
hydrogen, at least under gas-engine cylin- 
der conditions, is apparently much greater 
than for carbon, hence the hydrogen in a 
hydrocarbon is always burned first, and 
if there is insufficient oxygen for the 
carbon, it is precipitated. If then the ex- 
haust shows black, the remedy isto re- 
duce the proportion of fuel to ai. 
= 
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In automobile engines it is often the 
case that when running with the throttle 
in certain positions the exhaust is quite 
black, while in other positions it may be 
clean. This is a very difficult condition 
for which to state a remedy, as it is usu- 
ally the result of faulty design of the 
carbureter and no change in the adjust- 
ments will give exactly the right mixture 
for all positions of the throttle. If the 
gasolene is shut off so that a correct 
mixture is made at that position of the 
throttle lever at which the exhaust was 
black, then at some other position there 
will be too little gasolene in the mixture. 
The general practice is to set the carbu- 
reter so that there will be enough gaso- 
lene under all conditions, as too much 
gives much better running than too little. 

If a gasolene engine is being fed a little 
too much fuel but not enough to cause 
smoking, the odor of the exhaust is much 
more disagreeable than when the proper 
quantity is being fed. A little practice 
will enable one to detect the “excess 
gasolene” smell. instantly. 


Too LittLe Fue 


The effects of too little fuel are very 
apparent; the engine exhausts some of 
the charges without firing them, and 
often these missed charges explode in 
the exhaust pipes or muffler, making a 
very loud report. Faulty ignition appara- 
tus may produce much the same effect, 
but the matter may be easily determined 
by feeding a little more fuel and observ- 
ing the result. If the missing stops, then 
lack of fuel was the trouble. 


GOVERNING 


The exhaust of the ordinary hit-and- 
miss engine has three characteristic 
sounds. There is the noise of the regu- 
larly fired charge, a muffled “bang”; the 
noise of the air passing in and out of 
the exhaust pipe when the governor cuts 
out the charge, and the 
noise of the missed charge, “puff.” The 
last sound should never be heard from a 
properly running engine. 

Most of the smaller hit-and-miss en- 
gines run on very light loads, and the 
proper exhaust noise from one of these 
might be expressed thus: “bang, 00-whoo, 
oo-whoo, bang, 00-whoo, o0-whoo, bang,” 
with variations, according to the load, in 
the number of idle revolutions between 
the impulses. 

Many engines will be found running 
thus: “bang, bang, 00-whoo, o0-whoo, oo- 
whoo, oo-whoo, bang, bang.” The gov- 
ernor of a hit-and-miss engine should 
never allow it to take two charges in 
succession, if it cuts out more than one 
charge between the explosions. The 
cause of double or triple succeeding 
charges is generally slackness or want of 
adjustment in some part of the governor 
mechanism. 

Some engines run after this fashion: 


“oo-whoo” ; 
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“oo-whoo, oo-whoo, puff, bang, 00-whoo, 
oo-whoo, puff, bang.” The first charge 
after a number of misses requires more 
gas than after a fired charge, hence an 
engine of this type running light should 
have more gas per charge than when 
running loaded, to keep it from missing. 

The exhaust of an engine having a 
throttling governor or no governor at all 
should be quite regular, though with 
some engines it is almost impossible to 
prevent misses when running at very 
light or no load. The misses in this case 
are due to the excessive throttling which 
reduces the compression to such a low 
point that charges do not ignite readily. 

Throttling engines will occasionally be 
found in which the sound of the exhaust 
changes in intensity, becoming louder, 
then less loud, in regular periods. This 
is due to the “hunting” of the governor. 
Assuming that at any instant the throttle 
is set to give too much mixture, the en- 
gine then speeds up a little; then the gov- 
ernor cuts down the supply but moves the 
throttle too far, the engine slows down a 
little and the governor opens up _ the 
throttle but again moves it too far. This 
trouble may be prevented by taking up all 
slack in the links, making the governor 
less sensitive, or putting a brake on the 
moving parts. 


IGNITION 

The great majority of American en- 
gines are equipped with electric ignition 
apparatus, and it is safe to say that three- 
quarters of all the engine troubles are 
due to the failure of some part of this 
equipment. 

When the exhaust of an engine that has 
been running normally begins to show 
missed charges now and then, examine 
the igniter. If it is of the make-and- 
break type, see that none of the moving 
parts are sticking and that the trip mech- 
anism is working properly. The igniter 
may be removed and “snapped” by hand 
while the wires are still attached; if the 
spark is not bright and “fat” the batteries 
need renewing or the connections are not 
in order. If the jump spark is used, much 
the same process may be gone through, 
but in this case, instead of stuck moving 
parts, look for a short-circuited plug or 
worn contact points on the commutator 
or the vibrator. As to the timing of the 
ignition, it may be stated that in general 
with the igniter set too late the exhaust 
makes a much louder report and the ex- 
haust pipe is much hotter than when the 
igniter is set too early; the latter usually 
produces a peculiar metallic knock which 
is readily recognizable after a little expe- 
rience. 


LUBRICATION 
When a gas or gasolene engine emits 
white or blue smoke the trouble is due to 
either the quality or the quantity of the 
lubricating oil used on the cylinder. Tf a 
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poor quality of oil is used, or too much 
of a good quality, the exhaust will show 
white or light blue. 


CHOKED PIPES 


The exhaust passages or pipes of an 
engine sometimes become partially 
clogged with deposits of tar or carbon. 

In this case the exhaust gas does not 
escape with the customary sharp puff but 
takes a perceptible time in issuing. Usu- 
ally a considerable quantity of gas will 
escape around the stem of the exhaust 
valve, due to the increased pressure in 
the pipes, and this is easily detected. 

Beating the pipes all over the outside 
with a hammer will sometimes dislodge 
the obstructions, but often the pipes have 
to be taken down and cleaned. 

Very long exhaust pipes are sometimes 
clogged through the freezing of moisture 
condensed from the exhaust gases. This 
will not often occur unless the tempera- 
ture is below zero Fahrenheit. 


VALVES 

The exhaust valve is usually the first 
one on an engine to begin to leak. To 
test for leakage without removing the 
valve, disconnect the exhaust pipe from 
the engine, cover the outlet from the 
valve, except a small slit, with a piece of 
cardboard and hold a candle flame close 
to the slit while someone turns the en- 
gine over against the compression. If the 
valve leaks even the slightest it will 
show on the candle flame. 

On engines which have been running a 
long time the exhaust valve will gener- 
ally be found to open later than the cor- 
rect position. Ordinarily the valve should 
start to open when the crank has about 45 
degrees to travel before reaching the cen- 
ter. Engines running with a late open- 
ing exhaust valve heat up the cylinder 
more than the normal amount, but the ex- 
haust pipe is cooler and the report of the 
exhaust less loud. 


ADJUSTING THE CARBURETER 


In adjusting a strange carbureter to a 
strange engine one of the finest aids to 
reaching an approximately correct ad- 
justment is a lighted torch set close to 
the end of a short exhaust pipe. This 
applies especially in the case of two- 
stroke-cycle engines and in places where 
nothing but hand power is available to 
turn the engine while adjustments are be- 
ing made. If the discharge from the 
exhaust does not ignite, then more gaso- 
lene is required. If it ignites and burns 
with a blue flame, or explodes, the mix- 
ture is about right. If it burns with a 
yellowish or smoky flame there is too 
much gasolene. 


MULTIPLE CYLINDERS 


The individual cylinders of a multiple- 
cylinder engine are of course subject to 
the same conditions as the single cylin- 
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der, and if the exhausts may be examined 
separately the condition of each cylinder 
may be determined. When the cylinders 
are all running and exhausting into a 
common exhaust pipe the sounds of the 
exhausts from all of the cylinders should 
be alike. If the exhaust from one cylin- 
der is distinguishable from the others 
there is something wrong, generally the 
timing of the spark or of the valves. 
The cylinder out of adjustment can be 
identified ‘by cutting off the spark from 
one cylinder at a time and noting which 
corresponds to the irregular exhaust. 





First Meeting of the A. S. M. E. 


Gas Power Section 





The first meeting of the new Gas 
Power Section of the American Society 
of Mechanical Engineers was held on 
February 11. After organization was 
completed, with Dr. Charles E. Lucke as 
the first chairman of the section, a paper 
was read by Dr. Lucke in which he re- 
viewed the work done by calorimeter in- 
ventors and described a new continuous 
gas calorimeter of his own invention. 
The instrument is a modification of the 
Junkers calorimeter, the improvements 
consisting of means for maintaining a 
constant ratio of gas to water passing 
through the measuring part of the ap- 
paratus and for showing the rise of tem- 
perature of the water at a glance, thereby 
making it a continuous, direct-reading 
instrument. The constant ratio of gas to 
water is obtained by feeding the gas and 
water through calibrated nozzles at con- 
stant pressures. 


Continuous Gas CALORIMETER 


Fig. 1 shows the complete apparatus, 
and Fig. 2 gives a closer view of the 
upper chamber, in which the constant 
pressures are maintained and which: is 
therefore referred to as the “constant- 
pressure chamber.” At the top, on the 
right, is a water aspirator which draws 
gas from the main through a water seal, 
to remove its pressure, discharging water 
and gas together into the constant-pres- 
sure chamber, where the water is main- 


tained at constant level by an overflow - 


pipe; the surplus water passes away 
through the overflow and the surplus gas 
escapes through a water-sealed by-pass 
shown here as a common bottle (on the 
table at the left). Gas is taken from the 
top of the chamber to the Bunsen burner 
in the Junkers heating chamber (Fig. 1) 
and water from the bottom of the con- 
stant-pressure chamber goes to the water 
orifice, whence it drops into the funnel at 
the upper end of the water supply pipe 
to the heating chamber. This pipe is bent 
into a lateral loop to bring the inlet- 
water thermometer alongside the outlet- 
water thermometer, and in the final form 
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of such an instrument the two thermome- 
ter stems will be arranged very close to- 
gether so as to permit the use of a com- 
mon slider and scale such as intended by 
Junkers. 

It is also practicable to use a group of 
voltaic couples either instead of or sup- 
plementary to the thermometers. Such a 
group of couples was applied to this 
instrument in Dr. Lucke’s laboratory and 
the temperature differences were re- 
corded on one of the Bristol transparent 
smoke-chart recording millivoltmeters giv- 
ing a continuous record, over a consider- 
able period of time, of the quality of gas 
supplied to the instrument. 

It is evident that the chamber from 
which the water and gas are both sup- 
plied to the nozzles may be subject to 
many variations in form to adapt it to the 
particular conditions or the taste of a de 
signer, the main requirements being 
simply that water and gas shall be sup- 
plied from a constant-pressure chamber, 
and preferably, though not necessarily, 
supplied to that chamber by a_ water 
aspirator and a water seal, making the 
chamber pressure independent of pressure- 
main fluctuations. To adapt the instru- 
ment to gases of different qualitics it is 
only necessary to supply calibrated nozzles 
of different sizes. Thus, for rich natural 
gas a small gas nozzle and a large water 
nozzle would be used, while for producer 
gas or blast-furnace gas a large gas and a 
small water nozzle, and so on. The pro- 
portions of the nozzles can be made sucli 
that any desired rise in temperature with 
any kind of gas can be secured, and it 
takes only a minute or two to change the 
nozzles. 

Dr. Lucke expressed the modest wish 
that “this presentation of the problem 
of continuous gas calorimetry, and on 
simple mode of solving that problem, 
may prove of considerable benefit to the 
gas-power industry by removing one of 
the many uncertainties involving both 
commercial and scientific phases of the 
question.” 

In the discussion following Dr: Lucke’s 
paper, Albert A. Carey described a rough- 
and-ready method of indicating variations 
in the quality of a gas by means of a 
Welsbach or similar gas mantle, an 
Henry L. Doherty, whose early work on 
the problem had been referred to in the 
paper, put in a plea for recognition as th 
originator of the water displacement 
method of obtaining constant gas pre 
sure, which forms part of Dr. Lucke 
arrangement. 


EXPERIMENTAL GAS TURBINE 


H. H. Suplee then gave a brief résumé 
of the experimental work done in Fran 
on the gas-turbine problem, illustrating 
his remarks with lantern slides. The 


Armengaud ard Lemale turbine, whic! 
was the principal one mentioned, is ver! 
similar to the De Laval steam turbine < 
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to the runner and nozzle. A combustion 
chamber is attached to the frame, to get 
. short delivery passage, and steam is 
liberated by the heat of combustion and 
admitted to the turbine with the burned 
gases to reduce their temperature. The 
air for combustion is compressed by a 
three-stage rotary blower or turbine. The 
thermal efficiency of a 300-horse-power 
machine was given as 16 per cent. 
Discussing Mr. Suplee’s presentation, 
H. L. Doherty suggested that the Gas 
Power Section ought to standardize the 
nomenclature of the industry. For ex- 
ample, the name “gas turbine” is applied 
indiscriminately to machines operated by 
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separately excited by a small machine 
driven by the same engine, this arrange- 
ment being employed in order to be able 
to vary the field strength of the main dy- 
namo through a wide range, for regula- 
ting the speed of the car motors. The en- 
gine has eight cylinders arranged V fash- 
ion, with four cylinders in each group. 
The cylinders are 8 inches in diameter and 
7 .inches stroke; at 550 revolutions per 
minute the engine develops 
power. The compression is only 68 
pounds [gage or absolute?]. The weight 
of the engine is 3900 pounds and the 
weight of the complete car is between 31 
and 32 tons. 


125 horse- 


The engine is cooled by a 
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practice that guarantees are often loosely 
written, failing to express precisely what 
was intended. He then cited a number of 
actual contract guarantees of engine and 
producer performance which were all de- 
ficient in one or more respects, and advo- 
cated that the Power Section take 
up the matter with a view to devising 
forms of guaranty which will not deal 
with units that are impossible or very ex- 
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pensive to measure, and not specify units 
which may be dif- 
ferent ways, without defining which way is 
to be used. 

In the discussion of Dr. Lucke’s paper, 
J. R. Bibbins brought up the point of the 


measured in several 






































FIG. I. 


THE COMPLETE LUCKE 


burned gases alone and those operated by 

mixture of steam and burned gases. 
(he two machines are not at all the same, 
either physically or thermodynamically, 
and they should not be classed together. 
Mr. Suplee said that it was customary in 
France to apply the name “mixed tur- 
bines” to those using both gas and steam. 


A New GASoLENE LOCOMOTIVE 
‘he new type of gasolene-electric loco- 
tive built recently by the General Elec- 
Company was then briefly described 
Henri G. Chatain. The equipment, 
idly, consists of a gasolene engine driv- 
a direct-current dynamo at constant 
ed, and two railway-type motors geared 
the driving wheels and supplied with 
rrent by the dynamo. The latter is 
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FIG. 2. 


thermo-siphon system which contains 1300 
square feet of radiator surface consisting 
of finned copper tubes. A float-feed Ven- 
turi-type carbureter is used, without any 
auxiliary air valve. 


GaAs ENGINE AND PropuCcER GUARANTEES 

The final paper of the evening was on 
the subject of “Gas Engine and Producer 
Guarantees,” by Dr. Lucke, who explained 
that his having such a large share in the 
presentation of papers was due to the fact 
that the time for preparing material for 
this meeting was so short that those mem- 
bers who inaugurated the new section had 
hesitated to ask anyone else to present 
papers. 

In his paper Dr. Lucke said that it had 
been brought forcibly home to him in his 
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proper heat value to be taken in specify- 
ing gas quality; a producer builder who 
guarantees on the basis of total heat will 
have an advantage over the builder who 
guarantees on lower heat value, while the 
converse is true in the case of engine guar 
antees. If the engine guarantee is based 
on lower heat value, as it should be, and 
the producer guarantee on the higher heat 
value, as it naturally might be, there is a 
gap between the two which the customer 
should not have to Mr. Bibbins 
also pointed out the uncertainty as to the 
proper the lower heat 
value of a gas, and described a method of 
determining producer efficiencies which he 
had found useful in practice. 

Franz E. Junge called attention to that 
portion of the rules and regulations of the 


stand 


determination of 
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Verein Deutsche Ingenieure relating to the 
designation of heat values in guarantees. 
These rules stipulate the use of the lower 
heat value, that is, “the heat is liberated 
through the complete combustion of the 
fuel when the burned products are cooled 
down to the original (room) temperature 
at constant pressure, it being assumed that 
the combustion water and the moisture con- 
tained in the fuel remain vaporized. 

The heat value of gaseous fuels is based 
on one cubic meter at o degree Centigrade, 
and 760 millimeters barometer pressure, or 
it is expressed in calories as “effective” 
heat value, that is, reduced to one cubic 
meter of actual gas available. If not other- 
wise stated, it is always understood that 
the heat value recorded has been reduced 
to o degree Centigrade and 760 millimeters 
barometer pressure. . The efficiency 
of a gas-producer plant is the ratio of the 
heat contained in the gas, as produced, to 
the heat of combustion of the total weight 
of fuel consumed in the plant, both items 
being computed from the lower heating 
value. In producer gas plants having a 
separately fired steam boiler, it is advis- 
able also to determine the ratio of the heat 
which is chemically bound in the producer 
gas to the heat equivalent of that portion 
of the fuel which is consumed in the pro- 
ducer proper for making such gas.” 

On motion of Mr. Doherty the chairman 
was authorized by unanimous vote to ap- 
point a committee to take up the question 
of guarantees. The committee was not ap- 
pointed before adjournment, however. 





Caus2:s of Knocks in Steam 
Engines—III 





By C. J. Larson 





If the cylinder of a vertical engine be 
so designed that a large portion of the 
face of the piston is exposed to the steam 
port while the engine is on the center, 
and if the piston does not fit the cylinder 
snugly, a knock may result from the pis- 
ton being suddenly forced against the 
opposite side of the cylinder from the 
impact of the inrushing steam. This 
trouble is often encountered with high- 
speed engines, and may sometimes be 
overcome by giving the engine more com- 
pression. The effect of this is to reduce 
the velccity of the steam in the port at 
the instant of valve opening. In horizon- 
tal engines where the steam ports are on 
the side of the cylinder this difficulty may 
also be met with, but it can manifestly 
not occur where the steam is admitted 


on the top side, as in a standard type 
of Corliss cylinder. 

A condition which may exist in ver- 
tical engines and which is quite analogous 
with that of a horizontal engine having 
the shaft out of line, is that resulting 
from deflection of the shaft from the 
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weight of the fly-wheel and generator. 
To one who has not had occasion to 
observe the same, it would appear that 
a steel shaft two or three feet in di- 
ameter could not possibly spring an ap- 
preciable amount from any weight which 
the bearings would carry. But this is 
not the case. The amount of this shaft 


deflection is sufficient in all direct-con- 
nected units to be carefully allowed for 
in erecting the machine. 

It can readily be seen that if the shaft 











FIG. 9 


sags between bearings, the path described 
by the center of the crank-pin will not be 
in a truly vertical plane, but will incline 
toward the fly-wheel side of the engine. 
Therefore, in order to have an engine of 
this description in perfect line as regards 
its shaft, the frames and cylinder should 
be set sufficiently out of plumb to make 
their center line coincide with the plane 
of the crank-pin travel. If this is not 
done there will be the tendency to knock, 
as previously described in connection 
with a horizontal engine having the shaft 
out of line. 

If from any cause the crank-pin is not 
parallel with the shaft, the crank-pin 
brasses will knock sidewise. The point in 
the stroke at which the knock occurs will 
be determined by the direction in which 
the pin is inclined. It will be found im- 
possible to key the crank brasses any- 
where near snugness without heating, and 
this condition will also cause a side knock 
at the crosshead pin, if there is any 
clearance. The crosshead end of the con- 
necting-rod will be thrown from side to 
side. The crank-pin can be tested for 
parallelism with the shaft by disconnect- 
ing the rod at the crosshead, slowly re- 
volving the engine, and noting any side 
movement of the free end of the rod. 
Crank-pins are sometimes sprung from 
water in the cylinder. 

Cases have been found where, due to 
mistake in workmanship, the crosshead 
pin has not been placed perpendicularly 
to the piston-rod. This condition will 
naturally result in a tendency to side- 
knock at the crosshead pin. To ascertain 
if the crosshead pin is perpendicular to 
the piston-rod, disconnect the connecting- 
rod at the crank and key the crosshead 
brasses tight, noting the position of the 
free end of the rod. Then disconnect the 
rod at the crosshead and connect it upside 
down (speaking of a horizontal engine), 
and again key tightly. Ifthe free end of 
the rod retains its first position, the cross- 
head pin is true in this respect. 
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Knocks in the crank and crosshead pins 
of old engines may be the result of the 
pins being worn out of round, and conse- 
quently they cannot be keyed up properly. 
If this is the case they should be trued up 
or renewed. 

Connecting-rod brasses have a habit of 
closing up and gripping the pin, om ac- 
count of becoming hot. This will leave 
the brasses fitting the end of the rod or 
strap loosely and is often the source of 
knocks. Fig. 9 shows brasses which have 
been distorted from heating. The manner 
in which brasses tend to close up is as 
follows: When the surface of the brass 
next to the pin becomes hot suddenly, 
the brass tries to open as the result of 
expansion being greatest on the inside. 
The rigid strap or rod prevents any move- 
ment, and the metal is given a permanent 
set, then when the brass cools oft the 
ends come together. I have seen ten-inch 


- brasses close up a quarter of an inch 


from getting hot suddenly. After the 
brasses have run hot it is usually neces- 
sary to relieve them on the sides where 
they hug the pin, and this leaves them 
more or less free to rock in the end of 
the connecting-rod, causing knocks. The 
brasses can be filed or machined square 
and true on the outside and heavy liners 
inserted to make them fit the rod tightly. 

It should be remembered that as one 
keys up a connecting-rod, the center of 
the pin is being shifted slightly with re- 
spect to the rod. One brass remains sta- 
tionary while the other is moved toward 
it by the wedge or key. When both 
wedges are placed between the two pins, 
keying up tends to make the rod longer 
between these parts. When one wedge is 
inside of the pin and another outside, the 
length would remain constant provided 
the wear was the same on both pins. But 
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FIG. 10 


the greater wear always occurs at the 
crank-pin, due to the greater motion at 
this point. It will therefore be seen that 
keying up the connecting-rod will slightly 
change the clearance in the cylinder, and 
that ultimately the piston might knock the 
cylinder-head. 

It is not usual to provide any means 
for taking up the wear of bottom bear 
ings in vertical engines. Therefore as 
these bearings wear down the clearanc: 
in the bottom of the cylinder is reduced. 
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Besides the possibility of the piston strik- 
ing the head from these causes, it should 
be observed that changing the clearance 
volume in the cylinder has much the same 
effect as changing the lead and compres- 


sion. Increasing the clearance will cor- 
respond to reducing lead and compres- 
sion, and vice versa. It is therefore high- 
ly desirable to have the clearance in the 
cylinder equally divided at all times, since 
much change in clearance will tend to 
cause knocks from what will then corre- 


spond to improper valve adjustment. 


To DETERMINE LOCATION OF THE PISTON 


Fig. 10 shows a simple and reliable 
method of determining at any time the 
exact location of the piston in the cylin- 
der. Make a clear mark all around the 
piston-rod at some point near the cross- 
head. When the crosshead is disconnect- 
ed from the crank, pull the piston for- 
ward until it strikes the crank-end cylin- 
der-head. Place a square even with the 
mark on the rod and transfer to the slide 
at A; then move the piston back until it 
strikes the back head, measuring the dis- 
tance it moves. By subtracting the length 
of the stroke you have the total clearance 
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FIG. II 






in the cylinder. Measure this distance 
back from A and mark at B, then midway 
between these put a third mark C. When 
the engine is on the head center, a square 
placed at the mark on the rod should fall 
on the middle mark; if it does not, the 
exact amount which the clearance is out 
is shown by the discrepancy. 

If excessive clearance is left between 
the cranks and bearings, allowing lateral 
movement of the shaft, a periodic surging 
is often set up, causing the cranks or 
collars to knock against the cheeks of the 
bearings. This will be instantly detected 
by the wobbly appearance of the rim of 
the fly-wheel. 

When the fly-wheel is loose on the 
shaft, a knock will be produced at the key. 
This will usually occur just after the en- 
gine has passed the center. Many wheels 
are built in halves and the hub clamped 
onto the shaft by bolts. In wheels of any 
considerable size and weight it is very 
difficult to get these bolts tight enough to 
prevent slight movement between the 
wheel and shaft, and the surer way is to 
shrink the bolts in the hub a suitable 
‘mount. In built-up wheels a squeaking 

und is often caused by slight movement 

1 some of the joints. This may some- 
times be removed by thoroughly tighten- 
ing up all bolts, but even this may not 
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overcome the trouble. There is absolutely 
no danger from this creaking noise, but 
it is very annoying, and it is invariably 
the subject of comment by all who come 
near the engine. When all other methods 
fail, it can usually be stopped by applying 
a little oil about the joints now and then. 
An erector’s trick is to lightly coat all 
faces of parts that go together with 
graphite. This may not improve the job 
mechanically, but the wheel won’t squeak. 

An amusing case of offending fly-wheel 
occurred in a large power plant several 
years ago. When a new engine was 
started up there was a strange rumbling 
sound in the vicinity of the wheel, which 
was sufficient to make any one apprehen- 
sive. A thorough examination revealed 
nothing, and the engineer representing 
the engine builder laid the trouble to the 
generator. After several attempts at 
starting, it was discovered that when the 
engine got above a certain speed the notse 
ceased. It was a segmental wheel, linked 
together at the rim. In order to make a 
“stocky” looking wheel, the builders cored 
out the rim, making a hole about five 
inches square all around the rim. After 
the engine had run for some weeks, mak- 
ing the noise when starting and stopping, 
and had caused many days and nights of 
brain racking, a conscience-stricken la- 
borer confessed that he had accidentally 
dropped a large wrench into the cavity in 
the rim before the last segment was put 
in place. To remove a segment would 
have been expensive, so the method of 
stopping the noise shown in Fig. II was 
used. A hole was drilled and tapped from 
the inner side of the rim into the cavity 
and a long stud provided. By turning the 
wheel the wrench was got directly under 
the hole and the stud was screwed down, 
clamping the wrench firmly. This wrench 
has now traveled farther than any other 
member of its tribe. 





Buying Coal 





In a recent address to the New Eng- 
land Street Railway Club, upon the 
“Selection of Coal,” E. G. Bailey, chief 
of the coal-testing department of A. D. 
Little’s laboratory, Boston, said with re- 
spect to coal buying: 

There are many different methods em- 
ployed today and some of them are some- 
what antiquated. Some people buy coal 
simply because the price is the cheapest 
they have had quoted to them. Another 
man buys coal upon its past reputation. 
He thinks: “That coal has always given 
good results; it gave Mr. So-and-so good 
results, and I will keep on buying it.” 
Another takes the recommendation of his 
engineer or fireman, and no matter what 
the price he says: “That coal is worth 
the money and I will take it.” Another 
man buys his coal upon the basis of the 
highest number of heat units per dollar. 
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Another will make evaporative tests and 
buy the coal giving the highest evapora- 
tion per dollar. 

Of course the latter result is what every 
one wants in a steam plant, but in such 
cases the purchaser is frequently misled, 
because he figures the price of his coal 
f.o.b. car or vessel and does not consider 
that a coal which may evaporate eight 
pounds of water to a pound of coal costs 
a good deal more to handle enough to 
supply him for a year, than if the coal 
evaporated 10% pounds of water to a 
pound of coal. He has to pay more for 
labor for having the coal brought into his 
boiler room; he has more ashes, and all 
the way through there are numerous 
small expenses which, if considered in the 
first place, might show that coal to be 
more expensive at the end of the year 
than the other coal would have been. 

He may buy the coal on a British-ther- 
mal-unit basis. The use of the latter 
method has been much extended, and sev- 
eral large concerns are buying their coal 
in that manner. It has good points, as 
well as faults. The fault lies mostly in 
having to pay a higher price for the coal. 
The coal dealer is not sure his coal is 
going to run uniformly throughout the 
year, even from the same mine. He is 
going to have his profit and he therefore 
puts up the price from 10 to 25 cents to 
offset the chances of that coal being bad. 
If he can afford to take the risk at 25 
cents a ton, why can’t the buyer? There 
are certain cases where it is advisable to 
buy coal on a B.t.u. basis, but the coal 
man is not yet ready to do a general busi- 
ness on that basis. 

The method of determining the quality 
of coal by evaporative tests is what may 
be considered the really practical method, 
but there are certain difficulties even 
there. The boiler efficiency varies with so 
many things that it is practically impos- 
sible to maintain the same boiler condi- 
tions throughout two consecutive tests. 
The fireman has a great deal to do with 
it; the load on your boiler, the draft, the 
cleanliness of the heating surface; all 
these things are very irregular. The 
method of determining heat units in a 
laboratory is a very practical one. A 
small amount of coal is taken, which is a 
representative sample if properly taken, 
and is burned in an atmosphere of 
oxygen in a steel bomb which is sub- 
merged in water. A very delicate ther- 
mometer gives the temperature of this 
water before the coal is burned, and by 
means of an electric spark the coal is 
ignited and entirely burned and every 
bit of the heat developed is absorbed 
by the water and the thermometer rises 
accordingly. From this rise in tempera- 
ture the B.t.u. are determined. The re- 
sult is practical, as a B.t.u. is the heat re- 
quired to raise the temperature of one 
pound of water one degree Fahrenheit. 

It obviates all the errors which come in a 
practical boiler test. 
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February 25, 1908. 


from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





WE PAY FOR USEFUL 


Tests of a Murray-Corliss Engine 


On page 186 of the December number 
there is an article with the above title, 
giving the results of five tests made at 
the Iowa State College on an 18x36 Mur- 
ray-Corliss engine. The steam consump- 
tion, 23.82 pounds of dry steam per indi- 
cated horse-power-hour, is very low, al- 
though the mechanical efficiency, 81.9 per 
cent., does not seem as high as it might 
be. 

One point in the article appears some 
what questionable and that is the assump- 
tion that, if the engine had been sup- 
plied with steam at 130 pounds gage pres 
sure, a mean effective pressure of 50 
pounds per square inch would have been 
obtained with a cut-off of 16 per cent. 

The most economical load, under the 
conditions that obtained, was 235 indi- 
cated horse-power, which was equivalent 
to an actual mean effective pressure of 
42.3 pounds per square inch at the speed 
given, namely, 120 revolutions per min- 
ute. The steam pressure was given as 
112 pounds gage and the cut-off as 18 
per cent. The clearance volume was 
not stated. The absolute mean _pres- 
sure of expanding steam is obtained by 
means of the formula 
1+ hypo. Jog R 

R 

in which /» is the absolute mean pres- 
sure, /: is the absolute initial pressure 
and FR is the ratio of expansion. The 
absolute initial pressure in this case is 
112 + 14.7 = 126.7 pounds, the ratio of 
¢xpansion is 100 -- 18 = 5.55 +, the 
hyperbolic logarithm of 5.55 is 1.7138 and 
the formula becomes 

I + 1.7138 

5:55 

From this absolute mean pressure we 
must deduct the absolute back pressure 
in order to obtain the mean effective pres- 
sure, which is, therefore, 61.9 — 14.7 = 
47.2 pounds per square inch. 

The mean effective pressure so ob- 
tained is only a theoretical quantity, the 
actual mean effective pressure being 
greater because of the expansion of steam 
in the clearance space, and less because 
of some drop in pressure during admis- 
sion, gradual closing of the inlet valve, 
early opening of the exhaust valve, some 
back pressure during the exhaust stroke 
and early closing of the exhaust valve 
to give compression. It is necessary, 


Pr = P, 


m == 126.7 = 61.9 pounds. 


therefore, to modify this theoretical 
mean effective pressure by a so-called dia- 
gram factor, in the form of ‘a percentage, 
in order to obtain the actual mean effec- 
tive pressure. In the case under consid- 
eration, if all of the quantities were as 
stated, the diagram factor was 89.6 per 
cent., since 47.2 X 89.6 per cent. = 42.3 
pounds, the actual mean effective pres- 
sure. A diagram factor of 89.6 per cent. 
is high for these conditions. 

Under the assumed conditions of steam 
at 130 pounds gage pressure and a cut-off 
of 16 per cent. the absolute initial pres- 
sure would be 130+ 14.7= 144.7 pounds, 
the ratio of expansion would be 100 + 
16 = 6.25, the hyperbolic logarithm of 6.25 
is 1.8326 and the above formula becomes 


1 + 1.8326 
6 25 

The theoretical mean effective pressure 

would, therefore, be 65.5—14.7=508 


pounds and, if we used the above dia- 


‘a = 146.7 = 65 5 puunds. 
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\OO0O0 OOOY 
SQ00 OOBO 


( ’ 


FIG. I 


gram factor, 89.6 per cent., the actual 


mean effective pressure would be 508 
< 89.6 per cent. = 45.5 pounds per square 
inch, instead of 50 pounds. 

It would be more conservative in cases 
like this and it would give results more 
nearly like those obtained in actual prac- 
tice to use a diagram factor of 85 per 
cent. If an actual mean effective pres- 
sure of 50 pounds per square inch be re- 
quired, a theoretical mean effective pres- 
sure of 50+ 85 per cent. = 58.8 pounds and 
an absolute mean pressure of 58.8-+ 14.7 
= 73.5 pounds should be obtained. With 
steam at 130 pounds gage pressure, a cut- 
off of 19.2 per cent. would be necessary; 
since this would give a ratio of expansion 
of 100 + 19.2 = 5.21, the hyperbolic logar- 
ithm of 5.21 is 1.6505 and the formula 
becomes 


1 + 1.6505 


5.21 
Working in this direction, that is, from 


Pm = 144.7 = 73.6 pounds. 


IDEAS 


the mean effective pressure to the cut- 
off, we must work by trial and error. 
C. W. STEVENS. 
Boston, Mass. 





Boiler Heads, Hand-holes and 
Manholes 


There has been quite a discussion © 
among readers of Power in regard to 
hand-holes in the back heads of boilers. 
The combustion chamber certainly is not 
an ideal place for a joint or appliance of 
any kind and a hand-hole located in this 
place is no doubt likely to cause more or 
less trouble. In the writer’s opinion the 
man who designs any boiler over forty- 
two inches in diameter, with hand-holes 
in the front and back heads, instead of a 
good-sized manhole in the front head, is 
not up to date. There are many boilers 











FIG, 2 


in commission in which a hand-hole in 
the back head is a necessity, or would be 
highly desirable, simply because there is 
no other means of keeping the scale from 
accumulating on the back end. No en- 
gineer will say, however, that a boiler 
used for high pressure that does not 
readily admit of cleaning and inspection 
is properly designed, and in a boiler with- 
out a manhole in its lower parts inspec- 
tion and cleaning are practically im- 
possible. 

The writer has had his share of trouble 
with a battery of such boilers installed in 
what was then (sixteen years ago) a 
modern fourteen-story office building, and 
the lay-out is a monument to the ability 
and experience of whoever was respon- 
sible for the installation. The boilers are 
48 inches in diameter, with fifty 3-inch 
tubes. and, presumably to get the greatest 
possible heating surface, only a 
hand-hole was provided in the front head. 


small 
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When installed the boiler fronts 
put up as shown in Fig. 1. This of course 
out the lower tubes out of commission, 
s there was no way of keeping them 
lean without cutting holes through the 
fronts; therefore the tubes were dispcsed 
f entirely and short ends were expanded 
‘o fill the holes, as shown in Fig. 2. 
Whether this was done at the time of in- 
stallation or afterward, I do not know. 
I came across the boilers after they had 
been in service for years; they were then 


were 
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it cost $84 to replace six rivets in a girth 
seam once, because there was no manhole 
in the lower part and ten tubes had to be 
cut out to reach the place. 
“PRACTICAL.” 
Chicago, Ill. 


Feeding Pulverized Coa! to Fur- 
nace 
To pulverize coal and blow it, mixed 


with the proper amount of air, into a fur- 
nace would seem to be a simple as well 


as ideal method for obtaining perfect 
combustion. The advantages gained by 
such a process are absence of smoke, 





Section Through E-F 


ILLUSTRATING MR. CEDERBLOM’S PLAN FOR BURNING PULVERIZED COAL 


*badly scaled up in the back end. If the 
lower tubes had been left out in the first 
place and a manhole provided instead, it 
would have been a great improvement. I 


1 


think the majority of engineers will agree 
with me that as horizontal return-tubular 
boilers are generally constructed, the 


lower row of tubes could be left out with- 
out materially affecting the steaming qual- 
ity, as there is little flow of hot gases 
through these tubes. 

In the case of the boilers referred to, 


complete combustion without excess of 
air, and resulting high temperature, no 
expensive stoker installation to be kept 
in repair, and the possibility of using 
cheap and fine grades of fuel that can- 
not be burned in ordinary furnaces. 

It is obvious that an apparatus to ac- 
complish all this would not be so “con- 
spicuous by its absence” on the market, 
unless there were great difficulties con- 
nected with such a process, and which, 
so far, have not been sufficiently overcome 








209 
to make it a commercial success. These 
difficulties were clearly set forth by 


Power when treating of this subject sev- 
eral years ago (August, 1903), and time 
has proved that doubts expressed in those 
articles, as to a happy solution of the 
problem in the near future, were well 
founded. The greatest objection to an in- 
stallation of this kind is, no doubt, the 
need of a crusher or grinder, as unless 
the coal is reduced to a very fine powder 
it falls to the bottom of the furnace be- 
fore combustion is complete, as it is blown 
in among the tubes where the tempera- 
ture too low for combustion. It 
interesting to note that in face of this 
difficulty every experimenter along this 
line, as far as the writer is aware, has 
tried to make his fuel and apparatus to 
conform with the furnace and setting 
used for ordinary coal, instead of build- 
ing his furnace to suit his fuel. Now it 
may be out of place for the writer to offe1 
any criticism in regard to this matter, as 
I have not had any opportunity to experi- 
ment; still, it seems to me that if gravity 
were utilized for the introduction of the 
fuel, instead of trying to counteract this 
force, some of the difficulties would he 
overcome. 


is is 


Suppose, for instance, that we had a 
vertical boiler and setting, such as shown 
herewith, which resembles the Cahall 
boiler. This boiler has an upper drum 
about 7 feet in hight and tubes about 24 
feet in length. The space in the center 
is made into a combustion chamber by 
placing tiles between the inner circle of 
tubes, and after a fire is started in the 
furnace at the bottom of the setting, 
and a high temperature is obtained in this 
chamber, the coal-dust is fed from the 
top through the pipe in the center of the 
upper drum. Forced draft enters the ash- 
pit and the air is partly heated as it 
passes through the fire which is main 
tained on the grates, before it meets the 
falling fuel. With this method it would 
hardly be necessary to reduce the coal to 
a fine powder, neither would it be es- 
sential to have it of uniform size, as any- 
thing too heavy to be stopped by the 
draft at the point of highest velocity (the 
narrow opening in the lower drum) will 
fall to the grates below, where combus- 
tion will take place as in the ordinary 
furnace. 

The dust, however, would be held in 
suspension by the upward current of air, 
and with a travel of at least 48 feet be- 
fore reaching the opening among the 
tubes it is very likely that complete com- 
bustion would be the result, if the pre- 
parations and conditions are right. The 
coal-dust falling free through 8 feet of 
pipe gains considerable momentum and 
is furthermore protected from _ being 
drawn toward the outlet for the gases by 
the circulating tubes surrounding 
pipe. The gases, after entering the open- 
ing at the top of the combustion cham- 


the 
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ber, take a downward course among the 
tubes, then through the openings at the 
bottom of the dividing walls, as shown in 
cross-section through E F, and then up- 
ward among the other half of tubes and 
out to chimney. 
R. CEDERBLOM. 
Chicago, IIl. 





Quarter-turn Belts 


In the illustration of the article on 
“Quarter-turn Belts,” on page 39 of the 
January 14 number, there is an error 
which I take the liberty to point out. 

In the first place I would suggest the 
accompanying rearrangement of the 
three views, in accordance with present 
drafting-room practice. Secondly, in the 
view in which appear the letters CD, 
that portion of the belt traveling upward 
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Effect of Long Pipe on Indicator 
Diagrams 


On page 154 of the January 28 num- 
ber, Herbert L. Seward writes of the 
“Effects of Long Pipe on Diagrams.” 
We have a triple-expansion Corliss pump- 
ing engine, the governor on which does 
not work satisfactorily. The governor 
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HOW QUARTER-TURN BELTS SHOULD BE RUN 


was shown in the original to run onto 
the side of the pulley C nearest the ob- 
server, while it actually runs onto the 
other side and leaves the pulley as I 
show in the sketch herewith. 

I have also added a few lines to show 
the thickness of the belt, and to show 
more clearly which way the belt turns. 

Roy P. STEVENS. 

Cincinnati, Ohio. 


consists primarily of a 2%4-inch cylinder 
and piston, fed by 41 feet of %-inch and 
18 inches of %4-inch standard pipe from 
the mains, carrying 40 pounds water pres- 
sure. I thought perhaps the friction and 
inertia of the water interfered with the 
quick action of the piston, which requires 
a maximum of 2 cubic inches of water in 
a minimum of one second of time. After 
testing the flow of water through this pipe 
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we found the pipe amply sufficient to meet 
the requirements. A standard indicator 
has a piston area of %4 square inch and 
a piston travel of 0.65 inch, requiring 
0.325 cubic inch of steam per _ stroke. 
Mr. Seward’s engine runs at 55 revolu- 
tions per minute or 1.09 per second. The 
pipe must therefore deliver 0.325 cubic 
inch of steam in one-half second. Count- 
ing the working speed of steam at 85 
feet per second (Hutton) a %-inch pipe 
will deliver 100 cubic inches in half a 
second, which should, it seems to me, be 
sufficient to operate the indicator with- 
out much distortion on account of lack 
of steam supply or resistance to the flow 
of steam. 

Why 2% feet of %-inch pipe should 
make such a radical difference in the two 
ends, we fail to see. Mr. Seward takes 
the mean of eight diagrams and by other 
details shows that he is careful and pains- 
taking. It is, therefore, to be presumed 
that both indicators are standard and 
recently calibrated. He does not state, 
however, that the relative positions of the 
instruments were changed, which leaves 
room to question the integrity of one of 
them. If they were not exchanged we 
would say that diagram No. 5 was proof 
that one was out of order and, because 
the head end seems more distorted, | 
should guess that Nos. 2, 4 and 5 were 
taken by the same instrument. 

I. N. Dicartor. 


Lincoln, Neb. 





Warming an Engine 


I read with much interest the letter on 
“Warming an Engine,” on page 149 of 
the January 28 number. When the chief 
said that it took “from four to five hours” 
to warm up that big engine, I honestly 
believe that he—well, didn’t tell the truth 
for the greenest engineer knows that no 
such length of time is necessary or ad 
visable. “Lancashire Lad” will find that 
there is some other reason for this use 
of steam. If the weather were cold | 
would say that he was using the idle 
engine as a radiator to warm the room 
(I have seen it done). 

If the piston is tight and the valve 
gear properly adjusted, no steam can pass 
through the engine without its turning, 
not even if the valve were wide open. | 
have seen one of the exhaust rods on a 
Corliss valve-gear disconnected and the 
exhaust valve left open. Then the stean 
valve in the same end of the cylinder 
was set open, the throttle valve opened 
and the steam allowed to pass straight 
through to an exhaust-steam heating sys- 
tem. 

“Lancashire Lad” should have told in 
what position the crank of the engine is 
left standing while the steam is being 
stolen. 

R. MANLY Orr. 

Brantford, Ont. 
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Two Queer Boiler-room Devices 





Fig. 1 shows part of a steam boiler, 
the part marked A being a 4-inch cast- 
iron pipe. The blow-off pipe is connect- 
ed to the bottom elbow as shown. The 
back wall of the boiler brickwork is also 
shown. The pipe and three elbows out- 


side the brickwork were covered with as- 
Why such-a pipe was used is be- 


bestos. 





FIG. I 


yond me. The engineer of the plant said 
it was an equalizer, but if it is meant 
for a circulating pipe it is no good, as 
the top connection is wrong, besides 
which note the size—4-inch. 

Fig. 2 is part of what is called a cylin- 
der 9 feet in diameter and about 15 feet 
long. It was installed in a large manu- 
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factory for steaming field coils. One end 
is riveted in the same manner as a steam 
boiler; the other end being removable. 
There is a metal gasket between the two 
faces of the flanges. A hook and chain 
tackle are used when the cover is taken 
off. There is not a single brace in the 
cylinder and 100 pounds gage steam pres- 
sure is turned into it while in use. One 
can hear it crack like pistol shots every 
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time the steam is turned on. I imagine 
the attendant feels pretty shaky at times. 
The steam inlet is at B and the outlet 
mt. 
THORNY. 
Toronto, Can. 





Faulty Piping 





Here is a chance for the jumper to 
jump, not on the drawing, but on the de- 
signer of the pipe arrangement, etc. No- 
tice the graceful curves of the piping 
and then wonder who would put in the 
valves and separator and lead the drains 
to an open heater (not shown) in a plant 
operating 10 hours per day. 

The trap No. 2 handling the condensa- 
tion from the separator also discharges 
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To Open Heater 




















“J 


END AND SIDE VIEW 


to the open heater. What is the best 
disposition to make of the case? 
Peter M. KNopp. 
Kansas City, Mo. 


Classified Licenses 





I was interested in what “Lowell” has 
to say under the above caption, on page 
153 of the January 28 number. 

I have been examined twice for a chief 
engineer’s license, during the past five 
years, and I can truthfully say neither 
of these examinations was practical or 
sensible. There were in one case four 
“quizzers” and in the other case there 
were three. In one case the “city boiler 
inspector” was one of the clique (board?) 
and the others were chiefs operating the 
only three good-sized plants aside from 
the one 1 was taking charge of. It had 
been agreed among the clique that the 
position I was to fill should have gone 
to the city boiler inspector, the plant be- 
ing a new one. The owners of the plant 
did not agree with them, and it was then 
determined to “make it hot” for the man 
who aspired to the position and _ the 
princely salary of $125 per month that 
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went with it. These men could not wait 
until the regular meeting night of the 
board (?) to examine (?) me, but called 
a special ‘“‘meetin’” and notified me to 
appear, without any opportunity to polish 
up for the ordeal, or even to make a 
thorough survey of the plant itself, the 
first thing a new chief should do. I knew 
I was “in for it,” and I had questions 
put to me that, if I could have answered 
them off-hand, would have qualified me 
to design, build, erect and operate steam 
engines, boilers, heaters, etc. But opera- 
tion, adjusting and repairing were hardly 
touched upon. 

I “side-stepped” the heavy ones, and 
endeavored to hold them down to earth 
or common sense. In the “finish,” the 
city boiler inspector began giving me a 
lecture upon the importance of some of 
the questions I had missed, most of them 


To Engine 





To Open Heater 





Trap No. 1 





BOILERS AND PIPING 

because I wouldn't try to answer them on 
account of their impertinence, and _ be- 
cause the calculations required in answer- 
ing them would 
time than was 
“examinations.” 


have consumed’ more 
allowed for the entire 
I didn’t allow my mon- 
itor to go far before he found himself 
listening to some facts I had been waiting 
to call their attention to. I asked him 
if he had not inspected the boilers in 
that plant. “Yes.” “Can you state posi- 
tively that you know how many square 
feet of heating surface either or any of 
these boilers contain?” “No.” “Could 
you state positively that the plates from 
which these boilers are made are of uni- 
form thickness throughout?” “No.” “Can 
you tell me what is the size and maxi- 
mum lift of the safety valves on any one 
“No.” “Do you know 
positively that the plate from which these 
boilers were made has been subjected to 
a tensile test of 60,000 pounds, or do you 
accept the statement of the makers of the 
plate and the boiler?” “Accept makers’ 
stamps.” “Now, with a Corliss engine 
having two eccentrics, the exhaust valves 
rotating outward to close, and inward to 
the admission 


of these boilers?” 


valves rotate out- 
ward to open; give the approximate po- 
sitions of the exhaust and admission ec- 


open, 
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centric relatively to each other.” ‘‘Nearly 
opposite (!!).” 

Now, as to this last, if the admission 
valves rotate inward to open ports this 
answer would have been correct, but it 
is not necessary to say to any one famil 
iar with Corliss valve-gears of this type 
that the answer to the question as given 
was wrong. 

I then brought out recommendations 
from some of the foremost men in the 
field of steam and mechanical engineer- 
ing, and one from one of the largest en- 
gine-building concerns in this country, 
offering me a position as erecting engi- 
neer. I said: “These men doubtless have 
a reputation to protect equally as valuable 
as any member of this board (clique, I 
thought), and beyond question have equal 
ability to do so. These men, whose po- 
sitions in their field: are as firmly fixed 
as the rock of Gibraltar, are ready to 
stake their reputations upon my work. 
Now, will you gentlemen, who are un- 
known outside of your own city, set your- 
selves up as superior to such men as 
these?” 

At the conclusion I was told they 
would let me hear from them in a few 
days. In “a few days,” my license was 
sent me reading “Chief’s Special 
Only.” This “only” 
was the largest plant in the city, and con- 
tained steam turbines, about which I was 
not asked a single question, simply be- 
cause the board (?) knew nothing about 
them. 

This board was a petty engineers’ trust. 
It was the creature of a scheme to “make 
solid” their jobs whether their employers 
wanted them or not. This explains my 
“chief’s special for 
only.” I was not in the clique and might 
take one of the positions held by members 
of the board (?). These men were 
members of, or rather a disgrace to, the 
N. A. S. E., for their conduct and meth- 
ods had nothing in common with the 
principles of this organization. With a 
clique of this kind in control of licenses, 
or with a board favorable to engineers 
employed, and who consequently will give 
other applicauts a “hot time,” what can 
be expected in the way of fairness and 
decency? No matter how worthless an 
engineer becomes to his employer, as long 
as he “stands in” please tell me what the 
employer is going to do about it? Hire 
another man and send him up against 2 
“shell game,” or a game with loaded dice, 
or something worse? 

Shall we have examinations and issue 
engineers’ licenses? Yes. Let them be 
practical, and to a reasonable extent tech- 
nical. But make the examination pertain 
to the work required of the applicant. 
Let the examination be made by men 
who cannot have “axes to grind.” Don’t 
expect an operating engineer to be an 
expert chemist, and boiler de- 
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signer and builder, but let him understand 


for, 
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what is necessary for the successful 
handling of plants for which he is exam- 
ined. 

Can he locate the cause of trouble in 
the engine or boiler room by the symp- 
toms? How would he feed a boiler? 
Why? Draw a diagram showing what 
is considered as indicating good practice 
in valve setting on (a) Corliss engines, 
(b) slide-valve engines. What are the 
effect of insufficient load and compres- 
sion, of excessive load and compression? 
How would he set a slide valve? How 
would he set Corliss valves? Can he 
lay out a safe and sensible piping system 
for a plant? And so on, covering the 
whole range of practical questions con- 
cerning the operation and maintenance of 
a power plant. 

If the licensing of engineers is con- 
trolled by dunces and scamps in some 
quarters a few years longer, there will 
be such a cry against the abuses that the 
whole system will be overthrown. 

WILLIAM WESTERFIELD. 

Burlington, Iowa. 





In the January 28 number, page 153, 
“Lowell” makes a few remarks about 
the classification of licenses. He seems 
to think that there is no difference in the 
intelligence of men, that no man’s ex- 
perience is larger than another’s, but as 
long as a man is qualified along certain 
lines of safety he is as good as the other 
fellow. 

Is it to be presumed that a doctor 
who is a specialist on the ear, eye, nose 
and throat, and has a limited knowledge 
of the other organs of the body, would 
be a safe man to perform an operation 
for appendicitis? Certainly not. Neither 
is a third-class engineer qualified to han- 
dle a first-class plant safely. 

It has been the aim of inspectors and 
examiners in Massachusetts to keep the 
standard of engineers high; to educate 
the engineer along the surgical lines of 
the profession, teaching him the practical 
as well as the theoretical side of the sub- 
ject. Inspectors are educating, not dis- 
criminating, when they force a second- 
class engineer out of a first-class plant. 
If the second-class engineer has the back- 
bone, skill and judgment, he can become 
a first-class engineer. 

As regards the statement that the ques- 
tions on boilers asked at first-class exam- 
inations border on the ridiculous, it is no 
such thing. With a little brain work a 
man can answer any question that any 
examiner may ask him. Non-classifica- 
tion of licenses would sometimes throw 
the low-grade man in competition with 
the high-grade man and create friction 
between men working in the same plant. 
With a graded license you know where 
you stand, and if you don’t like it, work 
up; there is a lot of room at the top. 

The license laws make the sleepy fel- 
low get down and dig for merits, they 
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make him think of something higher, and 
they make a profession out of a trade. 
At the same time it forces the manufac- 
turer to recognize the importance of the 
profession, and if a man cannot get the 
manufacturer to recognize him it is usu 
ally his own fault. 

“Lowell” seems to think that a boiler 
is a boiler, an engine an engine, and that 
horse-power, pressure, appliances and 
economy do not enter into the thing. If 
the revolutions of a fly-wheel change the 
class of the plant and the engineer is 
unable to meet the change, he does not 
deserve the job. 

O. C. WERNER. 

Alliance, O. 





Burning Natural Gas_ under 
a Boiler 





I would like to know the opinions of 
the readers of Power concerning these 
questions: How should the baffle-plates 
of the Heine boiler be arranged for 
natural gas? How should the bridge 
walls be arranged? How much gas should 
be burned per horse-power-hour? What 
kind of a mixer is best adapted for burn- 
ing natural gas under boilers to get the 
best results? 

Dee Hays. 

Independence, Kan. 





Heating a Lubricator 





Herewith is illustrated a method for 









































HEATING A LUBRICATOR 


heating a lubricator. I believe that if a 
lubricator is heated it will give better 
service. The water and oil that circulate 
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in the lubricator are never as hot as the 
steam in the steam pipe; if they were, 
the oil would flow better. So why not 
heat this oil? Heating coils may be 
placed around the lubricator wherever 
there is space. 

In the sketch A is the globe valve for 
the coils and B are the heating coils. The 
steam in the coils may be shut off at will 
by means of the globe valve. 

Gus A. JANICKE. 
Louisville, Ky. 





Flue-gas Analysis 


On page 671 of the October, 1907, 
number there was an article by Prof. 
J. W. Hays, on “Flue-gas Analysis.” 
This article was most interesting to those 
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O should approximate 21, is he not over- 
looking the fact that the hydrogen con- 
tained in the coals (at least in bitumi- 
nous coals) requires much more O for 
its combustion than is contained as free 
O in the coal, and, therefore, robs the 
air passing through the furnace of a cer- 
tain amount of its O (varying according 
to the composition of the coal), thus 
leaving a reduced quantity to combine 
with the C to form CO2? 

Professor Bunte (according to Bryan 
Donkin) speaks of 18.9 per cent. as the 
average O in the air admitted which is 
available to form COz2, and this is the 
value generally used by German writers. 
In carefully examining the numerous re- 
sults of tests in Bryan Donkin’s valu- 
able work, “The Heat Efficiency of 
Steam Boilers,” it will be found that in 
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CO: RECORD CHARTS 


who like to study the best means of se- 
curing complete and smckeless combus- 
tion in the furnace. The 


author’s re- 
marks prove a wide experience and 
knowledge, and while agreeing with 


most of what he says, there are one or 
two points about which one may differ 
from him. For instance, with regard to 
his demand for a compound analysis ma- 
chine—for O as well as CO2—although 
there should be no insuperable difficulty 
in the way of this, yet it would practi- 
cally be a double machine and, more- 
over, the absorption of the O is neither 
as simple nor as rapid as is the case with 
the COz2. It is very questionable wheth- 
€r any possible advantage to be derived 
‘rom the use of such an apparatus 


would warrant the largely increased ex- 
pense and complication. 

Then, too, when he states that the sum 
ot the percentages of the COz2 and the 





a large number of cases the sum total 
of the CO2, O and CO amounts to only 
18 or I9 per cent., and in some cases 
even less. 

When burning bituminous coals with 
a high percentage of hydrocarbons the 
writer has found 16 to 17% per cent. of 
CO2, barely 1 to 2 per cent. of O, and 
no perceptible CO, when tested with cup- 
rous chloride, thus making a sum total 
of 18 per cent., or thereabouts. These 
results are, of course, not produced in 
an ordinary furnace, but a special one 
giving full control over the air supply 
and insuring thorough mixture with the 
gases. 

The accompanying CO2 records may be of 
interest and, since they show such a high 
percentage of CO2, it is only right to say 
that they are taken from a Cornish boil- 
er which the writer has under close ob- 
servation, and that, although the record- 
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er is regarded as very reliable, to make 
assurance doubly sure, and to insure that 
the data may be of value, the results are 
very frequently checked in the laboratory, 
sometimes as often as three times a day. 
The upper record was made on October 
18 and the lower on October 22, the 
same stoker being used both times. 
: ArTHUR E. Jones. 
Leicester, Eng. 


Renewing Tubes in a Horizontal 


Boiler 


In Charles J. Mason’s letter on page 
194 of the February 4 number, he men- 
tions a method of softening the end of a 
boiler tube by allowing it to cool in ashes, 
after first making the tube end red hot. 
I knew the head man in the blacksmith 
department of a large factory, who always 
allowed cold chisels or other steel-pointed 
tools to cool in common gray, dry lime. 
When they were cool he would remove 
them from the lime, finish them up, or 
partly sharpen the cutting edges with a 
file and then temper them. He claimed 
that cooling steel tools in this way was 
just a little better than any other way. 
As far as I am concerned, I do not know 
whether the wrinkle is new or old or any 
good. 

J. Every. 

Toronto, Can. 





Cause of Knocks in Steam 


Engines 
In the February 11 number, C. J. Lar- 
son’s article on the “Causes of Knocks 


in Steam Engines” is liable to give a 
young engineer several wrong ideas. An 
engineer has to spend so much time in 
learning things that no time ought to be 
wasted in unlearning things which have 
been accepted as facts for years, but 
which are false. I wish here to make one 
statement that any engineer can prove 
to his own satisfaction if he is willing to 


throw aside prejudice and seek for the 


truth. With a horizontal engine in line 
and properly keyed, no valve setting, how- 
ever bad, can make the engine knock. 
With a vertical engine, excessive lead or 
compression may lift the shaft and cause 
a knock. He speaks of condensing en- 
gines as needing a different valve setting 
from non-condensing engines. If the 
vacuum is lost, should an engineer stop 
his engine and reset the. valves for run- 
the 
vacuum, and_ then the 
valves over again for running condens- 
ing? If an engine makes any more noise 
running non-condensing than it does con- 


ning non-condensing until he gets 


stop and_ set 


densing, or vice versa, the valves are not 
set right for running either way. 
W. O. R. 
Brockton, Mass. 
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Power Plants at Mining Centers 


Excessive enthusiasm is not always 
beneficial to its object, and in engineering 
developments it usually proves to be a 
boomerang. Hence, it is with regret that 
we note in print* a statement by Prof. 
R. H. Fernald to the effect that with ten 
or twelve central gas-power plants located 
at the various mining centers, “the great 
railroads of the United States can send 
their trains speeding from the Atlantic 
to the Pacific coast and the dis- 
astrous fires ¢aused by sparks from loco- 
motives will be a thing of the past.” We 
feel quite sure that if Professor Fernald 
had let that idea cool down for about a 
week and had then revised it before he 
let it get into print it would have been 
greatly modified. As an abstract engi- 
neering achievement it is entirely pos- 
sible to centralize power generation as 
indicated by the quoted statement; as a 
commercial proposition it is hazy and 
highly utopian. The obstacles in the way 
of carrying out such a scheme are many 
and some of them gigantic. Besides the 
commercial and financial obstacles there 
are the changing conditions of coal min- 
ing to be taken into consideration. Owing 
to changes in furnace construction and 
other’ practices at the consumer’s end of 
the line, the demand for smaller coals has 
greatly increased and that for larger sizes 
decreased during the past ten years. Con- 
sequently, instead of piling up culm banks 
at the rate of some 25 per cent. of the 
total coal mined, only about 5 per cent. 
now goes into culm piles. This means that 
the fuel advantage of the power plant at 
the mine will be only that of eliminated 
transportation; there will be no fuel avail- 
able that couldn’t be marketed through 
regular channels. 

It has been carefully estimated by com- 
petent engineers that power plants located 
favorably in the Pennsylvania mining dis- 
tricts could deliver power electrically in 


New York at from 75 to 80 per cent. of 


the cost of generating it here. These 
estimates were based on differences in the 
cost of fuel, cost of site and other factors 
of the purely engineering side of the 
problem, but not the rights-of-way. A 
transmission project minus rights-of-way 
is about as practical as a steamship in 
the middle of the Sahara, and feasible 
rights-of-way for projects of the kind 
under discussion are not much easier to 
obtain than a navigable stream of water 
across a desert. Powerful capitalists in 
and near New York City have tried vainly 
for several years to bring to fruition a 
plan for delivering in this city, by means 
of electricity, power developed by prime 
movers located at mining centers. If 
controlling unlimited capital and 
engineering talent are unable to establish 
one such enterprise, who is going to 


men 


*Extract from Bulletin No. 
States Geological Survey. 
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establish a dozen of them and also effect 
the harmonious relations between antag- 
onistic railroad interests necessary to 
the fulfilment of Professor Fernald’s 
prophecy ? 





Academics and the Engineer 


The opinions and experiences of a score 
of men who fill the highest positions in 
the technical and commercial world go to 
show that our modern system of educa- 
tion, from the entrance to the kinder- 
garten to the exit from the technical 
school, is radically wrong. It appears to 
be the general consensus of opinion that 
quantity is obtained at the expense of 
quality—fewer subjects well taught would 
be vastly superior to a smattering of 
everything and very little of anything. 
As remarked by a leading electrical jour- 
nal, the evils of this system are not con- 
fined to the training of the engineer, but 
are found as an inherent defect in the 
methods of general education. 

There is a tendency to load the student 
with a great amount of general knowl- 
edge not strictly pertinent to the calling 
he is to follow in after life, and no mat- 
ter how desirable it may be to be gen- 
erally well informed, it must be borne in 
mind that this is an age of specialization, 
and he who would rise to the highest 
mark in his chosen calling must subordi- 
nate all matters not strictly within his 
province. If natural tact and the experi- 
ence of years could be supplemented with 
a first-class technical training, we would 
have an ideal combination of theory and 
practice, in which no doubt we would find 
the ideal engineer; as it is, we find men 
who have devoted years of their life to 
practical steam engineering ; men who are 
keen, sharp and intelligent, who are edu- 
cated in the school of experience, but 
slightly unfortunate in that they have 
failed to supplement their practical knowl- 
edge with a knowledge of the theory of 
their calling. It is in this class of men 
that we have excellent material for high- 
grade engineers; many of them have 
handled steam plants for years and proved 
their ability and efficiency in a high de- 
gree. Now it is vastly easier to take a 
man of this class and supplement his ex- 
perience with such an amount of theory 
and technical training as his position calls 
for than it is to take the “tech” graduate 
and ground him to the same extent in 
practical engineering. 

The technical journals and the corre- 
spondence schools of the present day af- 
ford ample opportunity for the acquisition 
of such a supplementary training to the 
engineer who feels that he should be in- 
terested first of all in his own advance- 
ment. 

There always has been, and there al- 
ways will be, in such fields as steam en- 
gineering, electrical engineering, physics 
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and chemistry, an occasional call for 
knowledge of a high order, and this part 
of the work may well be left to a man 
who is a recognized master in his particu- 
lar line of work. 





The Engineer and the College 
Graduate 





As all roads led to Rome, so all read- 
ing tends to education, and in no walk of 
life is this more manifestly true than in 
that of the engineer. 

It has been said so many times that the 
technical graduate would displace the 
practical engineer in the management of 
modern power plants that many engineers 
have come to accept the saying as a state- 
ment of a necessary truth, and acting in 
accordance with this acceptance have 
“laid down” and actually forced their em- 
ployers to go outside the engine room for 
consultation or advice when changes or 
additions were to be made. The engineer 
gets his bread and butter by his trade, 
and he should know more about his par- 
ticular means of livelihood than any other 
one matter. It is a duty he owes to him- 
self, to his wife and to his children. He 
owes it to society and to the whole world, 
and the better he discharges this duty 
the better bread he will eat and the more 
liberal will be the supply of butter. 

The real engineer need never fear the 
competition of the “tech” graduate. He 
has at his command, at his very elbow, 
in fact, all the means of really useful 
knowledge that the college student has, 
and he has the advantage of being a 
practical man. He knows the “why” of 
things from his practical daily contact 
with them. 

In the trade journals, especially their 
advertising columns, in the catalogs of 
the builders of engines and transmission 
machinery, and in one or two standard 
books of reference, the engineer will find 
a library of infinite variety and useful- 
ness. If the engineer knows how to use 
these things his employer will find it out 
and he will have abundant opportunity to 
prove his value. A case illustrating this 
occurred not long ago. The superinten. 
dent of a department in a large industry 
wanted compressed air for certain work. 
How large a compressor would be needed, 
was the question. His son was in the 
senior class at “tech,” so he said to him: 
“T want a half-inch stream of air with a 
pressure of so many pounds at the nozzle; 
how many cubic feet of free air must be 
compressed per minute to do the work?” 
The student said that he would look 
ie matter up, and went to figuring. 
Finally he said: “I will have to look a 
little farther into this;” and he did so at 
the school library and brought back a re- 
sult that he was “not just sure of.” 

Che next day, having some business in 
lle engineer’s room, the superintendent 
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propounded the same question to the en- 
gineer, who by the way was not a “tech” 
man, but only an engineer. The engineer 
took two or three catalogs from the shelf 
and in less than five minutes looked up 
and said: “You will have to compress so 
many feet of free air per minute and it 
will take a compressor of this size, run- 
ning sO many revolutions per minute.” 
The superintendent was a little surprised 
and asked if the engineer was certain of 
his figures. “Well, yes, fairly so,” said 
the engineer. “These tables were prepared 
for the use of practical men who use air 
compressors by the engineers of one of 
the large builders of compressing machin- 
ery, and they are trustworthy, I think.” 

That engineer is trusted and consulted 
by his employer and by his fellow engi- 
neers. His theoretical knowledge has 
been gleaned almost entirely from trade 
papers and catalogs, supplemented by 
“Kent.” He has learned how to use these 
and it is never necessary for his employer 
to go outside the engine room for con- 
sultation or advice on any subject per- 
taining to that plant, and the employer 
knows it and pays accordingly. 

Nothing that has been written here 
should be construed as disparaging tech- 
nical education. It is not so intended, 
but rather to show that, although handi- 
capped in the race for preferment, the en- 
gineer, if alive to the material within his 
reach, need not fear the competition of a 
technical graduate. The man who masters 
all that he can find in the current litera- 
ture and catalogs of his trade, and can 
use the knowledge thus obtained, need not 
be and will not be a mere wheel-horse; 
he will be a factor. 





Oh ! the Times, Oh! the Morals 


Disheartened and disgusted with the 
sordid unscrupulous selfishness of the peo- 
ple of his day, the Roman orator cried 
out in protest: “Oh! the times, Oh! the 
morals.” The observer, speaking of pres- 
ent times and present morals, echoes a 
fervent amen! When in the struggle for 
profits a man like C. U. Carpenter, presi- 
dent of the Herring-Hall-Marvin Safe 
Company, uses the prestige of his name 
and the commercial standing of his com- 
pany to influence the sale of worthless 
compounds to ignorant purchasers, an 
interested observer is apt to ask if profits 
at the price of common honesty are really 
worth the struggle. Mr. Carpenter is at 
the head of the New York Ash Fuel Com- 
pany, which is offering for sale a com- 
pound for the alleged purpose of con- 
verting ashes into fuel. It is incredible 
that a man of Mr. Carpenter’s business 
ability and commercial standing would 
lend his name to any enterprise without 
previous investigation. Investigation will 
demonstrate the futility of attempting to 
make fuel of ashes. Hence, the infer- 
ence that Mr. Carpenter knows that he 
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is aiding and abetting an attempt to 
swindle. The statements and testimonials 
published by the New York Ash Fuel 
Company, and distributed from the offices 
of the Herring-Hall-Marvin Safe Com- 


pany, 400 Broadway, New York, can 
truthfully be characterized by a_ very 


short, ugly word. A visit to the severai 
places where the compound was said to be 
in use, including the large office and sales- 
room building of the Herring-Hall-Mar- 
vin Safe Company, revealed the fact that 
the compound was not and could not be 
used for the purposes advertised. Oh! 
the times, Oh! the morals. 





Practice versus Theory 


The following instance forcibly illus- 
trates that the man with years of experi- 
ence and only a modest education is gen- 
erally “head and shoulders” over the man 
whose knowledge is supposed to cover the 
whole science of thermodynamics, but 
who lacks the keen perception and the 
mental alertness that enables one to rea- 
son from cause to effect and from effect 
to cause. 

A correspondent writes that a practical 
steam engineer, who knew just enough 
of elementary mathematics to use an in- 
dicator, compute horse-power and _ set 
valves correctly on both simple and com- 
pound engines, was called to a neighbor- 
ing city to make some adjustments on a 
simple slide-valve engine which was show- 
ing extravagant fuel consumption. After 
indicating, the steam chest was opened up 
and the which was badly worn, 
was found to be of improper design. Our 
engineer called for a new valve, stipulat- 
ing, however, that the new valve should 
conform to a particular design which his 
years of experience with slide valves 
(made both by himself and others) had 
shown to conduce to economy. The or- 
der was placed with the original builders 
for the new valve; the modifications called 
for were submitted to the master me 
chanic, who asserted very emphatically 
that the thing was impractical and in- 
structed the foreman to make the valve 
according to original design, “or not at all.” 

At this stage the matter was referred 
to the superintendent, who at least under- 
stood that when anyone orders an article 
and stands ready to pay and assume the 
responsibility for it, he should have what 
he calls for as a matter of business cour- 
tesy, regardless of whether the article is 
practical or not. The superintendent in- 
structed the master mechanic to make the 
valve strictly according to specifications 
and not concern himself with the theory 
of its design. The valve was placed in 
the engine and set by this engineer of 
modest attainments, and the cumulative 
effect of the modified design and the cor- 
rect setting of the valve was made ap- 
parent to the owners by an economy of 


valve, 


25 per cent. in fuel consumption. 
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Inquiries 


Questions are not answered unless they are 
of general intcrest and are accompanied by 
the name and address of the inquirer. 








Changing Generator Frequency 


Can the frequency of a two-phase alter- 
nator, running at 625 revolutions per 
minute, be changed from 125 to 60 cycles? 

E. B. P. 


Not without reducing its speed and 
consequently its output. By running the 
machine at 48 per cent. of its present 
speed, or 300 revolutions per minute, the 
frequency will be reduced to 60 cycles, 
but the voltage will also be reduced to 48 
per cent. of the present voltage. By re- 
winding the armature, the original voltage 
can be retained, but the current capacity 
will be reduced to about_46 or 47 per cent. 
of the present current capacity. 


Reversal of a 
Magnet 


Rotary Converter Field 


The alternating-current line suppiying a 
three-phase rotary converter became 
momentarily short-circuited. The machine 
sparked badly on the direct-current side 
but was not shut down. After the trouble 
was cleared and the converter regained 
its normal voltage its direct-current polar- 
ity was reversed. What caused the re- 
versal? 

iB. 2. 

It is not practicable to say positively 
without more information. It is probable, 
however, that the short-circuit drew 
power from the direct-current line through 
the converter, and the reverse current 
through its series fieid-magnet winding 
reversed the residual magnetism of the 
magnet cores and yoke, 


Theoretical Horse-power of a Gas Engine 
Why is there no formula for the theo- 
tetical horse-power of a gas engine cor- 
responding to the steam-engine formula? 
re. 2 
There is; the 
forniula, thus: 


it is practically same 


PLAN_ 7 p. 
33,000 


but it is not of much value in pre-estimat- 
ing the ability of an engine, because the 
mean effective pressure P depends on so 
many widely variable factors, such as the 
proportion of air to gas in the mixture; 
the compression ratio; the timing of igni- 
tion, and the quantity of burned gases 
left in the cylinder after the exhaust port 
is closed each time. A very rough estimate 
may be obtained by assuming the follow- 
ing mean effective pressures: 
Illuminating gas, ....80 lb. per 
Producer gas, 
Crude oil, sq.in. 
Gasolene, sq.in. 
Wattiral 9a). os.sji0.00% 92 |b. per sq.in. 
In the formula, N = number of ex 
plosions per minute. 


sq.in. 
sq.in. 
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Book Reviews 


SPECIFICATIONS AND Contracts. By J. A. 
S. Waddel. Published by the Engi- 
neering News Publishing Company, 
New York. Cloth, 169 pages, 6x9 
inches. Price, $1. 

This work is the reprint of lectures by 
Dr. Waddel, supplemented by notes by 
John C. Wait and by data for specifica- 
tion and contract writing by students. It 
is intended for a textbook for the use of 
students of engineering schools, and with 
this object in view the price is made as 
low as possible. The subject matter is 
more of a manual than copies of contracts 
and specifications actually used in any 
particular engineering project. It is di- 
vided into five chapters. The last one, 
which occupies thirty-eight pages, com- 
prises notes on the law of contracts, by 
John C. Wait, and is especially interesting 
and instructive. 


MANUAL OF EXAMINATION FOR ENGINEER- 
ING PosITIONS, IN THE SERVICE OF THE 
City or New York. By Myron lI. 
Lewis and Milton H. Kemp. Published 
by the Engineering News Publishing 
Company, New York. Cloth; 500 pages, 
5%4x8% inches. Price, $5. 

This work is a manual or guide for 
those who seek engineering positions in 
the Civil Service of the City of New 
York. It does not cover the entire field 
of civil engineering, nor is it intended for 
use as a textbook. It is divided into three 
parts, comprising ten chapters, with an 
introduction of extracts from the Civil 
Service rules of the city, giving informa- 
tion necessary to one who desires to make 
application. The text describes briefly the 
work of the engineering department from 
axeman to inspector. There are many 
examples of typical examination papers 
and sets of questions and answers. As 
a guide to home study in preparing for 
examination, the work seems to be all 
that could be desired. 


THEIR CONSTRUCTION 
AND WorKING. Based on the work by 
L. E. Bertin. Translated and edited 
by Leslie F. Roberts, with a new 
chapter on Liquid Fuel by Engineer- 
Lieutenant H. C. Anstey. Published 
by D. Van Nostrand Company, New 
York. Cloth; 625 pages, 5%4x8% 
inches; illustrated. Price, $5. 


The origin of this work was a series of 
lectures delivered to the students of the 
School of Application of Maritime Engi- 
neering. Mr. Bertin’s treatment of the 
subject of marine boilers is original, terse 
and frank. The advantages and disad- 
vantages of each type of boiler being dis- 
cussed, its history outlined and the possi- 
bilities of its improvement*suggested. The 
chapters on Mechanical Stoking and 
Liquid Fuel are interesting and instruc- 
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tive, as is also the discussion of stop- 
valves, safety valves and _ superheat. 
Higher mathematics and formulas are in- 
dulged in to a limited extent. The illus- 
trations, about 350, are from original draw- 
ings. The work is completely indexed 
and will be found valuable either as a 
textbook or for reference. 





Ericsson Monument Proposed 


In Congress, on February 10, Repre- 
sentative McKinley, of Illinois, intro- 
duced a bill for the erection of a monu- 
ment in the city of Washingtcn to the 
niemory of John Ericsson. The bill pro- 
vides for the appointment of a commis- 
sion to look after the erection of the 
statue; also for an appropriation of fifty 
thousand dollars. 

John Ericsson was born in Sweden, 
July 31, 1803, and died in New York City, 
March 8, 1889. In 1836 he invented and 
patented the screw propeller which revolu- 
tionized navigation, and in 1837 built a 
steam vessel having twin-screw propel- 
lers. He came to the United States in 
1839. In 1841 he furnished designs for 
the screw warship “Princeton,” the first 
vessel having the propelling machinery 
below the water line, out of the reach of 
hostile shot. This vessel dictated the re- 
construction of the navies of the world. 
Previous to 1836, Ericsson conceived the 
idea that was put in practical shape when 
in 1854 he presented to Napoleon III plans 
of a partially-submerged vessel with guns 
in a revolving shot-proof cupola placed 
centrally on the deck. This was the first 
suggestion of the monitor. In 1883 he 
erected a sun motor which developed a 
steady power obtained from the supply of 
mechanical energy stored up in the sun. 





The United States Civil Service Com 
mission announces an examination, on 
March 25, to secure eligibles to fill a 
vacancy in the position of draftsman in 
the Immigration Service, Ellis island, 
New York. Application form 1312 may 
be had upon applying to the commission 
at Washington, D. C. 





L. B. Lent, of the Riverside Engine 
Company, lectured upon gas engines be 
fore the Technology Club, of Syracuse, 
on Tuesday evening, February 11. Pro 
fessor John. E. Sweet was made a lif 
member of the club on the same evening 
The club has a membership of 216, of 
whom 35 are members of the American 
Society of Mechanical Engineers. Meet 
ings are held weekly, but special promi 
nence is given to the monthly meeting: 
that in March will be addressed by Prof 
Robert H. Fernald, of the Case School o/ 
Applied Science, Cleveland, Ohio. 
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Power Plant- Machinery and Appliances 


Original 
No 


Descriptions 
Manufacturers 


o f 


or 


Cuts 


Power 
Write-ups 


Devices 


Used 





MUST BE NEW OR 


The ‘ Sistieed ** Accumulator 


An electrical accumulator or secondary 
battery of the “diaphragm” type, embody- 
ing a novel feature which is also advan- 
tageous, has been developed by the Stand- 

















FIG. I. AN UNFILLED UNIT BOX 


ard Electric Accumulator Company of 
New Jersey, which has main offices at 
141 Broadway, New York. The novel 
feature of the battery is a highly porous 
earthenware box which holds the active 
material firmly in contact with a sheet- 
lead conductor. Fig. 1 shows one of 
these boxes, Fig. 2 shows the inner face 
of each side of the box and Fig. 3 the 
outer face. These earthenware boxes 
stand on end, with a thin sheet of lead 
between them, as shown by the sectional 
view in Fig. 4; the edges are closed up, 
either by integral flanges on the sides of 
the box, as in Fig. 5, or by strips ap- 
plied in assembling the battery cell. 

Each box is a “unit.” The lead oxide 
paste is applied to the inner faces and 
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FIG. 2. INNER WALL OF BOX 

packed into the recesses formed between 
the gridiron ribs, the lead sheet set be- 
tween the two sides of the box and the 
boxes assembled within glass-retaining 
plates and held together by lead bands, 
as shown in Fig. 6. Soft rubber plugs 


are inserted between the lead bands and 
the glass plates in order to allow for ex- 
pansion during discharge and contraction 
while charging. The spaces between the 
ribs on the outer faces of the boxes form 
channels for the circulatiou of the elec- 
trolyte. 

This construction obviously reduces the 
weight of a battery cell of given plate 
area. The lead sheets, serving merely 




















INTERESTING 


The Trill Outside Spring Indi- 


cator 





A type of outside-spring indicator 


which is being placed upon the market 

















FIG. 4 
as conductors between the active mate- 
rial and the terminals, do not support any 
weight and may therefore be extremely 
thin. The earthenware boxes, which 
serve both as mechanical supports and 
as insulating diaphragms, are very light 
and about as porous as the softest blot- 
ting paper. Obviously, buckling is im- 
possible, so that the battery may be over- 
worked, within the limits of sulphating, 
without causing any damage. 





FIG. 3. OUTER WALL OF BOX 


is manufactured by the Trill Indicator 
Company, Corry, Penn. The difference 
between the outside- and inside-spring 
indicators manufactured by this company 
seems to be confined to the position of 
the spring and the construction of the 
steam) cylinder. There is very little ad- 
ditional weight in the former over that 
found with the inside-spring arrangement, 

















FIG. 6. A SIX-PLATE ELEMENT 
as the part of the piston-rod between 
the end of the spring and piston-head is 
made hollow. 

The cylinder is steam-jacketed and is 


' secured to the indicator body by three 


posts which permit of removing the %- 
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inch-area cylinder between them when 
using the indicator on _ high-pressure 
work, the high-pressure cylinder being 
inserted in its place. 

This is a feature which prevents any 
possible injury to one cylinder while the 
other is in use. At the bottom as well 
as at the top of the cylinder a guide is 
arranged, which together with the 
threaded portion shown on the removed 
cylinder prevents the cylinder from get- 
ting out of alinement, while it permits 
free expansion lengthwise. 





“Triumph’”’ Induction Motor 


The Triumph Electric Company, of 
Cincinnati, O., has brought out a line of 
alternating-current electric motors of the 
induction type, as indicated by the illus- 
trations herewith. Fig. 1 shows the sta- 
tor or field magnet of the machine. The 
coils are form-wound and individually in- 
sulated, and the slots in the stator core 
are also insulated with troughs. The 
teeth are without overhang, so that the 
coils are laid in the slots exactly as in 
the case of a direct-current armature, 
and held in place by means of wooden 
wedges. The core disks are heavily jap- 
anned on both sides. 
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slid in endwise and riveted at the ends 
to the short-circuiting rings. 

The bearing housings are cast integral 
with the dished circular brackets which 
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The stator frame is cast with large 
oval openings all around its periphery 
and there are four segmental openings 
in each bearing bracket; consequently 




















STATOR OF “TRIUMPH” INDUC- 
TION MOTOR 


FIG. I. 


close the sides of the frame. The bear- 
ings are provided with sleeves of anti- 
friction metal, reamed to size and there- 
fore interchangeable; lubrication is ef- 
fected by means of the usual ring and 
oil-well arrangement. The circular brack- 
ets can be shifted through 90 or 180 de- 
grees, so that each motor may be set on 
the floor, bolted to the wall or a pillar 
























cage type. The slots in the core 





The rotor, Fig. 2, is of the squirrel- 
are 
nearly closed by overhanging teeth and 
the conductors, of solid copper bar, are~ 


THE TRILL OUTSIDE-SPRING INDICATOR 


brackets with the oil wells 


shaft. 





































or hung from the ceiling, without mak- 
ing any changes other .than setting the 
below the 





ion 


ROTOR OF “TRIUMPH” INDUC- 
TION MOTOR 


FIG. 2. 













the stator cores, as well as the windings 
and rotor, are thoroughly ventilated. 
Motors of 5 horse-power and under 
are thrown on the line without any start- 
ing apparatus; those of more than 5 














FIG. 3. COMPLETE “TRIUMPH” INDUC- 
TION MOTOR 


horse-power are provided with compen- 
sator starters. 

The accompanying chart gives the 
characteristics of the 10-horse-power 
three-phase machine. It will be noticed 
that the power factor is well above 90 
per cent. and the efficiency above 85 per 
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cent.; that the slip at rated load is less 
than 5 per cent. and that the machine 
carried an overload of 100 per cent. with 
out “breaking down.” 
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The “Volcano” Torch 


A new gasolene torch or blow-lamp has 
been brought out by the Volcano Torch 





























FIG. I. SECTIONAL VIEW OF “VOLCANO” TORCH 


and Manufacturing Company, of Erie, 
Penn. The novel features of this lamp, 
which by the way may be used either for 
heating or lighting, are that it makes its 
own pressure, thus dispensing with the 
air pump otherwise necessary, and it may 
be filled while in operation, thus securing 
continuous service. The pressure is main- 
tained in the reservoir by means of a 
lamp burner shown in Fig. 1. The filling 
is done through the inverted U-tube, at- 
tached to the pump, shown in Fig. 2. This 
cut also shows the extension burner con- 
nected to the reservoir by flexible tubing, 
making a very flexible arrangement for 
lighting or doing any work required of 
the ordinary blow-lamp or brazing blow- 
pipe. 





Monahan Gas Engine 





The Termaat & Monahan Company, 
Oshkosh, Wis., whose suction gas pro- 
ducer was described in the February 4 
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FIG. 2. THE “VOLCANIC” TORCH 


number, has developed the engine here- 
with illustrated. The engine works on 
the two-stroke cycle, as will be apparent 
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from inspection of Fig. 2, which shows 
that the piston uncovers the inlet and ex- 
haust ports at the bottom of its stroke. 
It is single-acting, and the lower part of 
the cylinder serves as a pump to force the 
fresh charge into the work end of the cyl- 
inder. As the piston travels upward, it 
sucks a charge into the lower end of 








FIG. I. 


the cylinder through the automatic intake 
valve on the right; in the position shown, 
the lower end of the cylinder is filled with 
a charge at substantially atmospheric pres- 
sure and a compressed charge above the 
piston head has just been ignited. As the 
piston is driven down by the burning 
gases above it, it compresses the charge 
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beneath it until the piston head uncovers 
the inlet port, when the compressed charge 
escapes through the charging passage into 
the cylinder, above the piston, the burned 
gases simultaneously passing out through 
the exhaust port. 

Quietness of one of the 
noticeable features of the engine, and the 


running is 


THE MONAHAN GAS ENGINE 


use of a water-cooled expansion chamber 
conduces greatly to this result. 

Speedy regulation is effected by means. 
of a throttling governor until the load be- 
comes too small to make that practical; 
then the governor changes automatically. 
to hit-and-miss regulation. 

The piston is water-cooled in engines. 








310 


POWER 


February 25, 1908. 





cf 10 inches bore and larger, the riston- to the following limits in chemical com- bending test shall be made on the material 


rod being hollow, with an internal tube, 
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SECTIONAL VIEW OF MONAHAN 
ENGINE 


FIG. 2. 


and articulated connections being provided 
at the crosshead end of it. Make-and- 
break electric ignition is used. 





Massachusetts Boiler Rules—l 





The Massachusetts Board of Boiler 
Rules has just added the following to the 
rules already in force in that State. 


SECTION I3 
1. The following section of these rules 
apply to all boilers installed after May 
first; nineteen hundred and eight. 


SECTION 14 
Open-hearth Boiler Plate and Rivet Steel 

1. Steel shall be made by the open- 
hearth process, and will be considered as 
nuinufactured by the basic method unless 
the report of test states that the acid 
method has been used. 

2 All plates and rivets used in the con- 
struction of steel shells or drums of 
boilers shall be as specified by the Ameri- 
can Society for Testing Materials, adopted 
1g0l. 


Chemical Properties 
3. There shall be three classes of open- 
hearth boiler plate and rivet steel, namely, 
Flange or Boiler Steel, Fire-box Steel 
and Extra Soft Steel, which shall conform 


position: 


in the condition in which it is to be used, 











Flange or Boiler Fire-box Extra Soft 

Steel Steel Steel 
(Per Cent.) (Per Cent.) (Per Cent.) 
. . Acid, 0.06 Acid, 0.04 Acid, 0.04 
Phosphorus shall not exceed............... { Basic, 0.04 Basic, 0.03 Basic, 0.04 
Sulphur shall mot exceed..................0.00. 0.05 0.04 0.04 
I seca intletaa aa ciseanidysem ama kepseiian 0.30 to 0.60 0.30 to 0.50 | 0.30 to 0.50 











4. Steel for boiler rivets shall be of 
the Extra Soft Class, as specified in para- 
graphs Nos. 3 and 5 of this section. 


Physical Properties 


5. The three classes of open-hearth 
boiler plate and rivet steel—namely, 
Flange or Boiler Steel, F'ire-box Steel and 
Extra Soft Steel—shall conform to the 
following physical qualities: 


and prior to the quenched-bending test 
the specimen shall be heated to a light 
cherry red, as seen in the dark, and 
quenched in water, the temperature of 
which is between 80 and go degrees Fah- 
renheit. 

(d) Flange or boiler steel, fire-box 
steel and rivet steel, both before and after 
quenching, shall bend cold one hundred 
and eighty (180) degrees flat on itself 











Flange or 
Boiler Steel. 


Extra Soft 
Steel. 


Fire-box 
Steel. 





Tensile strength, pounds per square 





Elongation per cent in eight inches shall 
Be SIND os vieiis.ceccnocccensvaceaes 





55,000 to 65,000 
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45,000 to 55,000 
% T. 8S. 


52,000 to 62,000 
Zz. 8S. % T. 8. 


25 26 | 28 








6. For material less than five-sixteenths 
(5/16) inch and more than three-fourths 
(34) inch in thickuess the following modi- 
fications shall be made in the requirements 
for elongation: 

(a) For each increase of one-eighth 
(%) inch in thickness above three-fourths 
(34) inch a deduction of one (1) per cent. 
shall be made from the specified elonga- 
tion. 

(b) For each decrease of one-sixteenth 
(1/16) inch in thickness below five-six- 
teenths (5/16) inch a deduction of two 
and one-half (2%) per cent. shall be 
made from the specified elongation. 

7. The three classes of open-hearth 
boiler-plate and rivet steel shall conform 
to the following bending tests; and for 


Qe 2 eee 
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without fracture on the outside of the 
bent portion. 

8. For fire-box steel a sample taken 
from a broken tensile-test specimen shall 
not show any single seam or cavity more 
than one-fourth (%4) inch long in either 
of the three fractures obtained on the test 
for homogeneity, as described in para- 
graph No. 13 of this section. 


Test Pieces and Methods of Testing 


9. The standard test specimen of eight 
(8) inch gaged length shall be used to 
determine the physical properties speci- 
fied in paragraphs Nos. 5 and 6 of this 
section. The standard shape of the test 
specimen for sheared plates shall be as 
shown in the following diagram: 


Parallel Sect ion 5 
not less than 9/ 
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this purpose the test specimen shall be one 
and one-half (1%) inches wide, if pos- 
sible, and for all material three-fourths 
(3%4) inch or less in thickness the test 
specimen shall be of the same thickness 
as that of the finished material from 
which it is cut, but for material more than 
three-fourths (34) thick the bending-test 
specimen may be one-half (1%) inch thick. 

Rivet rounds shall be tested of full size 
as rolled. 


(c) Test specimens cut from the rolled 
material, as specified above, shall be sub- 
jected to a cold-bending test, and also 
to a quenched-bending test. 


The cold- 
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For other material the test specimen 
may be the same as for sheared plates, 
or it may be planed or turned parallel 
throughout its entire length; and in all 
cases, where possible, two opposite sides 
of the test specimens shall be the rolled 
surfaces. Rivet rounds and small rolled 
bars shall be tested of full size as rolled 

10. One tensile-test specimen will b 
furnished from each plate as it is rolled, 
and two tensile-test specimens will be fu: 
nished from each melt of rivet rounds 
In case of any of these develops flaws o! 
breaks outside of the middle third of its 
gaged length, it may be discarded «and 
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another test specimen substituted there- 
for. 


11. For material three-fourths (3%) 
inch or less in thickness the bending-test 
specimen shall have the natural rolled 
surface on two opposite sides. The bend- 
ing-test specimens cut from plates shall 
be one and one-half (1%) inches wide, 
and for material more than three-fourths 
(3%) inch thick the bending-test specimen 
may be one-half (%) inch thick. The 
sheared edges of bending-test specimens 
may be milled or planed. The bending- 
test specimens for rivet rounds shall be 
of full size as rolled. The bending tests 
may be made by pressure or by blows. 

12. One cold-bending specimen and 
one quenched-bending specimen will be 
furnished from each plate as it is rolled. 
Two cold-bending specimens and two 
quenched-bending specimens will be tur- 
nished from each melt of rivet rounds. 
The homogeneity test for fire-box steel 
shall be made on one of the broken ten- 
sile-test specimens. 

13. The homogeneity test for fire-box 
steel is made as follows: A portion of 
the broken tensile-test specimen is either 
nicked with a chisel or grooved on a ma- 
chine, transversely about a_ sixteenth 
(1/16) of an inch deep, in three places 
about two (2) inches apart. The first 
groove should be made on one side two 
(2) inches from the square end of the 
specimen; the second, two (2) inches 
from it on the opposite side; the third, 
two (2) inches from the last, and on the 
opposite side from it. The test specimen 
is then put in a vise, with the first groove 
about one-fourth (4%) of an inch above 
the jaws, care being taken to hold it 
firmly. The projecting end of the test 
specimen is then broken off by means of 
a hammer, a number of light blows being 
used, and the bending being away from 
the groove. The specimen is broken at 
the other two grooves in the same way. 
The object of this treatment is to open 
and render visible to the eye any seams 
due to failure to weld up, or to foreign, 
interposed matter or cavities due to gas 
bubbles in the ingot. After rupture, one 
of each fracture is examined, a 
pocket lens being used, if necessary, and 
the length of the seams and cavities is 
determined. 

14. For the purposes of this specifica- 
tion the yield point shall be determined 
by the careful observation of the drop of 
the beam or halt in the gage of the test- 
ing machine. 

15. In order to determine if the ma- 
terial conforms to the chemical limitations 
prescribed in paragraph No. 3 of this sec- 
tion, analysis shall be made of drillings 
taken from a small test ingot. An addi- 
tional check analysis may be made from a 
tensile specimen of each melt used on an 
order, other than in locomotive fire-box 
steel. In the case of locomotive fire-box 
steel a check analysis may be made from 


side 
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the tensile specimen from each plate as 
rolled. 
Variation in Weight 

16. The variation in cross-section of 
weight of more than 2% per cent. from 
that specified will be sufficient cause for 
rejection, except in the case of sheared 
plates, which will be covered by the fol- 
lowing permissible variations : 

(e) Plates 1214 pounds per square foot 
or heavier, up to 100 inches wide, when 
ordered to weight, shall not average more 
than 2% per cent. variation above or 2%4 
per cent. below the theoretical weight; 
when 100 inches wide and over, 5 per 


cent. above or 5 per cent. below the 
theoretical weight. 
(f) Plates under 12% pounds per 


square foot, when ordered to weight, shall 
not average a greater variation than the 
following Up to 75 inches wide, 2% 
per cent. below the theoretical weight; 
75 inches wide up to 100 inches wide, 5 
per cent. below the theoretical weight; 
when 100 inches wide and over, 10 per 
cent. above or 3 per cent. the 
theoretical weight. 

(g) For all plates ordered to gage 
there will be permitted an average excess 
of weight over that corresponding to the 
dimensions on the order equal in amount 
to that specified in the following table: 


below 


TABLE OF ALLOWANCES FOR OVER- 
WEIGHT FOR RECTANGULAR 
PLATES WHEN ORDERED 
TO GAGE. 

[Plates will be considered up to gage if meas- 
uring not over 1/100 inch less than the 
ordered gage. The weight of 1 cubic 
inch of rolled steel is assumed 
to be 0.2833 pound.] 


PLATES 4% INCH AND OVER IN THICKNESS. 


WIDTH OF PLATE. 
Thickness of . enone 
Up to 75 


Plate, Inch. 75 to 100 Over 100 
Inches, Inches, Inches, 
) Per Cent. | Per Cent. | Per Cent. 
| 
14 10 14 18 
ts 8 12 16 
4 7 10 13 
a 6 8 10 
1e 5 7 9 
Os 444 6! 815 
A 4 6 8 
Over 5% 343 5 6), 
PLATES UNDER 4 INCH IN THICKNESS. 
WIDTH OF PLATE. 
Thickness of ' 
Plate, Inch. Up to 50 Inches, ig ormig 
Per Cent. Cent. 
ly up to $, 10 15 
f, up to ¥ 842 12', 
is Up to A 7 10 
Finish 


17. All finished material shall be free 
from injurious surface defects and lami- 
nations, and must have a workmanlike 
finish. 

SECTION I5 
Plate Manufacturer to Stamp Plates and 
Heads 

1. Each plate shall be distinctly 
stamped by the manufacturer with the 
heat number, and in at least five places 
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in the following manner: At the four 
corners, at a distance of about twelve 
(12) inches from the edges, and at or 
near the center of the plate, with the 
name of the manufacturer, place where 
manufactured, brand and lowest tensile 
strength. 

2. Each head shall be distinctly 
stamped by the manufacturer on each side 
with the name of the manufacturer, place 
where manufactured, brand and lowest 
tensile strength; stamps to be so located 
as to be plainly visible when the head is 
finished. 








Personal 
Robert McF. Doble, consulting and 
supervising engineer, formerly of San 


Francisco, announces the removal of his 
office from Colorado Springs to 528 
Majestic building, Denver, Colo. 

Henry Docker Jackson, consulting engi- 
neer, of Boston, Mass., has formed a pro- 
fessional association with Harold Y. 
Currey, of Chicago, and is farther plan- 
ning connections on the Pacific coast and 
in Canada and Mexico. 


A. Bement, member of the board of 
consulting engineers of the Chicago 


Smoke Abatement Commission, has been 
appointed by the Illinois Coal Operators’ 
\ssociation a member on its coal-stoking 
and anti-smoke committee. 


Prof. C. F. Harding has been appointed 
head of the school of electrical engineer- 
ing at Purdue University. Professor 
Harding, who was at one time associate 
professor of electrical engineering at Cor- 
nell University, graduate of the 
Worcester (Mass.) Polytechnic Institute. 


is a 





On March 7 and 21 next, civil service 
examinations will be held in the various 
cities in New York to secure eligibles to 
the position of engineering inspector in 
the State architect’s office. This position 
pays $2250 per annum and _ necessary 
traveling expenses. 





Business Items 


The general offices of the Pittsburg Valve 


and Fittings Company have been removed 
from Pittsburgh to the works at Barberton, 
Ohio. 

The Northern Engineering Works, of De- 
troit, Mich., has furnished the Ironton Iron 
Company a 15-ton, 40-foot span Northern 
traveling crane. 

James A. Stewart, who is well known to 


the engineers in the vicinity of New York, 
is now connected with the Consumers’ Am- 
monia Company, with offices at 419 Bennett 
building, New York City. 

The Eureka Packing Company, 46 Warren 
street, New York, is sending on application 
a neat and useful “Eureka” bill file. The 
company’s manager tells us that nearly one 
million of these files have been distributed in 
all sections of the United States and in many 
foreign countries. 
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The Lucas Pump Company, of Dayton, 
Ohio, has opened a branch office, 740 Monad- 
nock building, Chicago. This office will have 
charge of the sale of the Lucas power pumps 
in the territory of Illinois, Wisconsin, Minne- 
sota, Iowa, the eastern half of Missouri and 
the eastern half of Nebraska. 


The Ohio Blower Company, Cleveland, 
Ohio, has completed arrangements with the 
Standard Engineering Company, Toronto, 
Ont., under which the latter will act as ex- 
clusive licensee and manufacturer of the 
“Swartwout” helico-centrifugal steam and oii 
separators, cast-iron exhaust heads, gravity 
closing ventilators, ete., for the Dominion of 
Canada. 


The General Electric Company is furnish- 
ing the entire electrical equipment for the 
Tajo mines in the Rosario district of Mex- 
ico. The order includes a three-phase, 60- 
cycle, 2300-volt revolving-field generator of 
150 kilowatts capacity, 9 oil-cooled type H 
transformers, three 440-volt form K _ induc- 
tion motors of 15, 35 and 75 horse-power ca- 
pacity, with starting compensators, 2-circuit 
feeder panel, complete  lightning-arrester 
equipment and the necessary supplies of wire, 
insulators, ete. 


The Power Specialty Company, 111 Broad- 
way, New York City, manufacturer of the 
Foster steam superheater, has secured six 
recent contracts for the installation of this 
superheater in various types of boiler It 
has also sold Foster superheaters of the in- 
dependently fired type to: New Jersey Zinc 
Company, University of West Virginia, Aben- 
droth & Root Manufacturing Company, and 
Seacoast Canning Company. The last-named 
company has within the past year equipped 
seven of its plants with Foster superheaters, 
installed in return-tubular boilers. 





New Equipment 





The 
pany 


Independence (Kan.) Electric Com- 
is planning to install new machinery. 

The Municipal Water Works, 
Fort Smith, Ark., will build 
its plant. 


Company, 
an addition to 


The citizens of Iberia, Mo., have raised 
$9000 for the purpose of constructing an 
electric light plant. 

The city of Waynesboro (Miss.) has voted 
$12,000 bonds to build electric light plant. 
Address the mayor. 


The Clarendon (Texas) Water, Light and 
Power Company will expend about $10,000 in 
improving its plant. 

The Columbiana (Ohio) Electric Light and 
Water Works will install a 150-horse-power 
return tubular boiler. 

The Blair (Neb.) Electric Light and 
Power Company contemplates installing new 
machinery in the plant. 

The New Milford (Penn.) Light and Power 
Company is contemplating the enlargement 
of its water-power plant. 

Plans are being considered for making ex- 
tensive improvements to the municipal elec- 
trie light plant at Blue Island, III. 


The Cohasset (Minn.) Hardwood Manufac- 
turing Company has been granted a franchise 
to erect and operate an electric light plant. 

The Brush (Colo.) Electric Light, Fuel 
and Power Company contemplates the con- 
struction of a new plant. George C. Stiles, 
manager. 

The Citizens Water, Light and Power Com- 
pany, Carbondale, Ill., is reported organized. 
Capital $75,000. Dr. J. S. Lewis, Chas. E. 
Hamilton, directors. 

(Mo.) Light, 
has been 


Billings 
Company 


Power and Water 
incorporated. Capital, 
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$35,000. Incorporators, S. T. Bronson, J. B. 
Berghans and others. 

The Trustees of McGill University, Mon- 
treal, Que., are reported to be considering the 
question of installing an independent light, 
heat and power plant. 





New Catalogs 





Kitts Manufacturing Company, Oswego, 
N. Y. Catalog. Steam specialties.  Illus- 
trated, 28 pages, 6x8 inches. 

The Mason Regulator Company, Boston, 
Mass. Catalog. Reducing valves. Ilius- 
trated, 56 pages, 6x9 inches. 

The “S-C’” Regulator Company, Fostoria, 
Ohio. Pamphlet. Regulator, pump governor. 


Illustrated, 8 pages, 4x81%4 inches. 


Union Stop and Signal Company, 103 Bed- 
ford street, Boston, Mass. Pamphlet. Elec- 
tric engine stop and signal system. 8 pages, 
3144x6 inches. 

The Schaeffer & Budenberg Manufacturing 
Company, 23 Dey street, New York. Catalog. 
Thermometers, pyrometers, hydrometers. _ II- 
lustrated, 158 pages, 7x10 inches. 

Alberger Condenser Company, 95 Liberty 
street, New York. Catalog No. 8. Vacuum 
pumps, condensers, centrifugal pumps, cool- 
ing towers, etc. Illustrated, 32 pages, 6x9 
inches. 

Harrison Safety Boiler Works, Seventeenth 
street and Allegheny avenue, Philadelphia, 
Penn. Second edition. ‘What Scale Does to 
Boilers and What is Gained by Keeping it 
Out of Them.” Illustrated, 16 pages. 





Help Wanted 


Advertisements under this head are in- 
serted for 25 cents per line. About siz 
words make @ line. 

AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago. 

WANTED—Boiler room foreman capable 
of running economically 4000 horse-power 
climax boilers; preference given to one able 
and willing to take salary out of saving 
shown over present cost of operation; per- 
manent position to right man; give age, edu- 
eation, and experience. Address “New Jer- 
sey,’”’ POWER. 
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The American-Ball ‘“‘Angle Compound”’ Engine 


Application of ‘Square’ Arrangement of Engine Cylinders to Ab- 
sorb Unbalancing Effect of Vibrating Members of High-speed Engines 





In the early days of high-speed engines to attain the extreme of simplicity and 
there was great similarity in the valve- fewness of parts. Their well-known 
gears of all makes, but in later years there “duplex-compound” engine is in this line 
has been a divergence in the line of de- 


velopment followed by designers of this : 


The general plan of combining a hori- 
zontal engine and a vertical engine, so 
that both shall work on the same crank- 





class of engines. Some have sought a re 
finement of efficiency by the use of com 
plicated valve-gear. Others have claimed 
that the increased cost of maintenance of 
complicated valve-gear on high-speed en- 
gines and the greater liability of inter- 
rupted service more than offsets the small 
gain in efficiency that may be realized 
from a multiplication of the valves and 
valve mechanism, and that where high 
efficiency is desired a much better plan is 
to use a compound engine of simple de- 
sign, because it is vastly more economical 
of steam than any simple engine, even 
with the most complicated valve-gear. 









































THE AMERICAN-BALL “ANGLE-COMPOUND” ENGINE 


F. H. Ball, the well-known engine de- of development; and now their newest 
signer, and his son, F. O. Ball, have con- engine, called the “angle-compound,” 1s 
sistently held to this view and have sought another step in the same direction. 


pin, is not new. There are conspicuous 
examples of this general type in the giant 
engines installed in the traction power 
houses of New York City, but engineers 
do not seem to have appreciated the many 
desirable features of this arrangement for 
high-speed engines of the single-valve 
type. 

It is well understood that with recip- 
rocating engines the question of counter- 
balance becomes increasingly important 
and serious as the speed is increased. 

A very erroneous idea is somewhat 
prevalent to the effect that reciprocating 
engines may be counterbalanced so that the 
thrusts of inertia are neutralized. Noth- 
ing could be farther from the truth, be- 
cause a counterweight attached to the heel 
of a crank merely transfers the unbal- 
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anced thrust from the plane of the recip- 
rocating parts into a plane at right angle 
to it. Thus, in a locomotive the counter- 
weight in the driving wheel, which !s ab- 
solutely necessary to keep the engine from 
“nosing” violently at high speed, simply 
transfers the unbalanced thrust to a ver- 
tical plane. Recent experiments with a 
locomotive-testing equipment have shown 
that at high speed this vertical thrust be- 
comes so great that when the counter- 
weight passes over the shaft the wheels, 
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The usual practice of engine designers 
is to counterbalance the extent of 
transferring the largest part of the hori- 
zontal thrust to a vertical plane, leaving 
only such amount of horizontal thrust as 
will be safely resisted by the usual foun- 
dation. 

Keeping this in mind, it is evident that 
by combining a horizontal and vertical en- 
gine on the same crank-pin, the total 
amount of horizontal thrust may be neu- 
tralized by counterbalance; and when the 


to 
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shaped steel structure of about the same 
weight as the ordinary cast-iron piston in 
the high-pressure cylinder. The low-pres- 
sure engine is made the vertical engine 
because it is thought desirable to have the 
larger piston rest on the piston-rod rather 
than to drag in a horizontal cylinder. 

It will be seen by reference to the dif- 
ferent views of the engine that the high- 


pressure valve is driven by the usual 
valve-gear and shaft governor, and the 


low-pressure by an eccentric which is in 
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160-HORSE-POWER AMERICAN-BALL “ANGLE-COMPOUND” ENGINE DIRECT-CONNECTED TO A I00-KILOWATT GENERATOR 


with the weight of the engine on them, 
are actually lifted clear of the track. This 
seems incredible, but has been abundantly 
demonstrated. 

The casual observer of high-speed en- 
gines does not understand that with a 
horizontal engine the inertia thrust of the 
reciprocating parts which will rock a 
foundation badly will, if transferred into 
a vertical plane, be easily resisted by the 
same foundation. The engine then has 
no rocking tendency and, therefore, seems 
to be balanced. 


counterweight is in a vertical plane, it is 
opposed by the reciprocating parts of the 
vertical engine so that at four points of 
the stroke a .perfect balance is realized, 
and between these four points there is no 
position of the crank when any appre- 
ciable unbalanced condition is found. 


Conpitions RicHt ror PERFECT BALANCE 


In the “angle-compound” engine here- 
with illustrated, the conditions for perfect 
balance are brought about by making the 
low-pressure piston a very light, conically 





-closed in an oil-tight casing and connected 
with the oil-circulating system of the en 
gine. From this eccentric a rod drives 
‘directly to the low-pressure valve-stem 
which is guided by a crosshead carried 
in guides as shown, and this crosshead 
and guides are also included in the oil 
circulating system of the engine. This oil 
circulating system is similar to that used 
on other American-Ball engines, except 
that the oil is pumped directly to a gravit) 
storage tank, on the low-pressure frame, 
which is kept constantly overflowing 
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by the supply delivered to it from the 
pump. 


ARRANGEMENT OF CROSSHEAD 
GUIDES 


NEW AND 

A new departure has been made in this 
engine in the arrangement of the cross- 
head and guides, which are of the bored 
type. It will be noticed that the crosshead 
is a single piece without the usual adjust- 
ing shoes, while the guides are mage ad- 
justable. These guides are carried in 
bored seats, and a projection from the 
back of the guide fits between the supports 
so as to resist end thrust. One of the 
guides is secured to the support by screws, 
and is only adjustable by means of shims, 
but the other has a pair of screws at each 
support to provide for delicate adjust- 
ments, and the guide is securely held 
against these adjusting screws by a bolt 
that locks the adjustment securely when 
set up. 

It is, of course, understood that the 
crank-pin is double the usual length, and 
that the connecting-rods are placed side 
by side on this double-length pin. 

The builders’ claim that this type of 
engine runs more smoothly and with much 
less strain and shock than the usual form 
of high-speed engine, bécause of its per- 
fect balance, and because it has four small 
impulses on the crank at each revolution 
instead of two large ones, would seem to 
be justified by the performance of one 
of these engines of 160 horse-power, run- 
ning at about 300 revolutions per minute, 
direct-connected to one of their generators 
recently installed in their own power 
plant and shown in the accompanying en- 
gravings. This engine has cylinders 13 
and 20 inches in diameter, with 11-inch 
stroke, and is direct-connected to a I00- 
kilowatt American-Ball  direct-current 
generator. The floor space required is 
1124x112 inches, and the weight complete, 
with generator, is 21,000 pounds. This 
engine has no special foundation except 
the concrete floor of the building and has 
not a single foundation bolt. The writer 
stood a new full-length lead pencil on its 
end on the horizontal cylinder-head and 
then on the vertical cylinder-head and, 
with a fluctuating load on the engine, 
there was not vibration enough to disturb 
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the delicate balance of the pencil. 


Very SMALL FLoor Space REQUIRED 


It is evident, also, that the floor space 
of this engine is very small. Since a 
horizontal engine carries a vertical engine 
of the same power, the power for a given 
loor space is, therefore, doubled. This 
also reduces the cost of foundation to the 
same extent, so that practically half the 
foundation is saved; besides, the perfect 
balaneing of the engine makes the foun- 
dation problem such a very simple one 
where concrete floors are used no 

her foundation is ordinarily required, 

s saving the entire cost of foundation. 
or large powers, these engines, com- 
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bined in pairs with the generator o7 belt- 
wheel between them, make an exceedingly 
compact unit. In these combinations the 
engines are used as double-compounds 
when run non-condensing, or, where con- 
densing water is available, as four-cylin- 
der triple-expansion engines. In _ the 
latter case one horizontal engine is the 
high-pressure, the other horizontal the in- 
termediate-pressure, and the two vertical 
engines combined are the low-pressure, 
thus giving a large area of low-pressure 
piston without using any pistons of very 
large diameter. 

Since the normal speed of an engine of 
this kind is high, the cost of the gener- 
ator and the amount of floor space are 
both greatly reduced. They are built at 
the Bound Brook, N. J., plant of the 
American Engine Company. 





Annoying Valve Failure 


By H. R. M. 


A very annoying valve failure occurred 
in a power plant containing four water- 
tube boilers of about 500 horse-power each 
connected to a header by an 8-inch pipe 
as shown in Fig. 1. Where the steam 
pipes left the tops of the boilers an angle 
type of automatic stop- and check-valve 
was placed in each 8-inch line close to 
each boiler. Each valve was equipped 
with a dash-pot in the bonnet of the 
valve, the piston of the dash-pot being 
placed above the valve-disk and connect- 
ed to it as shown in Fig. 2. 





No. 4 Boiler | 


No.8 Boiler a 
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several 
became 


sure on the other boilers was 
pounds below normal, and _ it 
necessary to close the feed-valves nearly 
tight on the other boilers in order to 
maintain the proper water level in No. 
3 boiler. That night the boiler was cut 
out and the bonnet removed from the 
valve, as trouble was suspected there. 

When the bonnet was removed it was 
found that the shank connecting the dash- 
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FIG. 2. 





SECTIONAL VIEW OF VALVE 


pot piston to the valve-disk had broken 
about midway, and the piston, which was 
7¥% inches in diameter and about 3 inches 
thick, had disappeared. There was but 
one place it could have gone, and that 








4 \ 


ma 








ah ‘) To Engine 


Header 





FIG, I. 


PLAN 


After several months’ use, it was no- 
ticed that the stop-valves chattered at 
each stroke of the engines, indicating 
that the dash-pot pistons fitted loosely in 
the cylinders. It was decided to take one 
out each Sunday, and refit the pistons. 
Two of them had been so treated when 
one morning the fireman reported that 
when No. 3 boiler was fired heavily its 
safety valves would pop while the pres- 


OF STEAM CONNECTIONS 
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was into the 8-inch pipe. A length of 
Y%4-inch pipe was used to explore with as 
far as the first bend, but the missing 
piece of the valve had evidently gone far- 
ther and, lodging, practically closed the 
steam outlet from the boiler to the head- 
er. It was decided, therefore, to turn 
steam from the header, in the reverse 
direction to the usual flow in the pipe. 
A number of short pieces of soft-pine 
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plank were put into the valve body for 
the piece to strike against, which proved 
to be a wise precaution. The header valve 
was then cautiously opened a few turns 
and the pipe was tapped in several places 
with a hammer. This had the desired 
effect, and the piston came out of the 
pipe with sufficient force to splinter the 
blocks in the valve, but doing no particu- 
lar damage. The disk and piston were 
removed and the bonnet put back in place, 
and the boiler was operated without the 
stop-valve until repair parts could be ob- 
tained, using the gate valve at the header 
to cut the boiler in and out of service. 





One Day without Electricity 
By E. Price 


As one stands and watches the electric 
machinery of a central station he little 
realizes the various uses to which the cur- 
rent is put, uses which enter into his 
every-day life. Neither does he begin to 
know anything about the troubles which 
beset the electrical engineer, or more cor- 
rectly, perhaps, the station engineer who 
has electrical machinery in his charge. 

It was only recently that, after having 
put in a hard day with bucking generators 
and balky motors, I permitted myself to 
relax for a time and enjoy a little rest 
after supper, expressing the heartfelt wish 
that there would be no electricity for at 
least twenty-four hours, so that I might 
enjoy life for that length of time, as did 
my forefathers. 

His Satanic Majesty, with whom I had 
been on rather familiar terms, if I were 
to be judged according to the language I 
had used during the day, must have been 
near, as no sooner had my wish been ex- 
pressed than the electric lights immedi- 
ately went out and left me in darkness. 

The next morning I was awakened, not 
by the electric bell as usual, but by the 
maid, who had climbed up three flights 
of stairs for that purpose, and was there- 
fore in no gentle mood. Angry at the 
disturbance she had made, I jumped out 
of bed and after groping in the dark for 
a time finally found the electric-light 
switch, and savagely giving the button a 
push was surprised to find that there was 
no current. It was evident that there was 
something wrong, and then I happened to 
think of my wish that for twenty-four 
hours there should be no electricity. By 
this time it was beginning to grow light 
and knowing that I would be late at the 
plant, I reached for the push-button of 
the electric bell to ring for water to shave 
with, but nothing came of it. Then I 
rushed out into the hall and grabbed the 
receiver of the telephone intending to find 
out the reason why my wants were not 
attended to, but there was no response— 
and then I remembered. 

Hastily glancing at my watch I rushed 
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to the elevator, which is operated by 
means of a motor, and pushed the button, 
but just then I remembered again and 
started to walk down stairs. All this 
time, minutes were slipping by, and I was 
still miles away from my plant. I has- 
tened to the street, and after waiting more 
than ten minutes for a car, happened to 
remember again that there would be no 
electricity. I jumped into an automobile 
which was standing near, and after wak- 
ing the chauffeur, I stated the neces- 
sity of my getting to my plant in a good- 
sized hustle. He just gave a grunt at be- 
ing disturbed and murmured that there 
was nothing doing, as his ignition equip- 
ment would not work. I next tackled a 
cab driver, who hung me up for $10, and 
finally got to my plant. 

After seeing that everything was in 
order for the day's run I went downtown 
to get breakfast at a restaurant, but there 
was no one to cook it, because the cook 
lived out in the suburbs and as there 
were no cars running he could not get into 
town. 

When I started up my engines and gen- 
erators there was a time and no mistake. 
I could not understand why the genera- 
tors would not pick up and carry their 
load, and it was not long before the man- 
ager, general superintendent and all the 
other officials of the company were out in 
the engine room, all bent on finding out 
what was the cause of the delay in start- 
ing up the circuits. I was so flustered that 
I had forgotten all about the absence of 
electricity, and it was well on toward 
night when I remembered that there was 
nothing doing in the electrical line. Af- 
ter having tried every known method of 
getting the generators to generate, and 
some that were not previously known, I 
put on my hat and coat and started for 
the depot, determined that a cabman 
should not get another $10 from me. Ar- 
riving at the station I asked for a ticket, 
but was informed that there were no 
trains running, as the telegraph system 
had been out of order all day and no one 
seemed to know what was the matter. 
Not knowing just what to do I turned 
into a news store to get the evening pa- 
per, but there was none, as the presses 
could not be operated because there hal 
not been any power available. 

From the strange sensation that passed 
over me I knew that I was all in and 
faintly managed to call for an ambulance 
to take me home, but a passing policeman 
shouted that it would be impossible to 
get one as the patrol box was out of order 
and would not ring in a call. An ex- 
press-wagon driver finally took pity on 
me and carried me home, and as I was so 
exhausted I could not walk up to my room 
I spent the rest of the night in the jani- 
tor’s office. 

The next morning His Satanic Majesty 
appeared and wanted to know if I wanted 
any more puritan days and I yelled as 
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loud as I could for him to turn on the 
juice. In an instant my body was seized 
with that sensation produced when hold- 
ing the handles of a galvanic battery, and 
as the strength of the current increased, 
I was twisted this way and that until, 
unable to endure the torture longer, | 
made one supreme effort to release myself 
from contact with the hundreds of seem 
ingly live wires. My effort was success 
ful, and as I broke the power which was 
holding me, I felt myself falling down 
down—and then came a shock that shook 
the building. When I came to, my wif¢ 
said in a sarcastic voice: “I think you 
had better come to bed,” and as I picked 
myself up from the floor I thought so 
too, for my dream had been rather ex- 
hausting in its realism. 





Recent Fly-wheel Accidents 


A recent accident to a cross-compound 
Corliss engine at the plant of the Dover 
Electric Light and Power Company, Do- 
ver, N. J., fully corroborates the asser- 
tion so often made that water can be 
drawn into the low-pressure cylinder of 
an engine from a condenser while in oper- 
ation. 

Fig. 1 shows the result of such an oc- 
currence. At the time of the accident the 
engine was operating at normal speed, 
when the low-pressure cylinders shipped 
water from the condenser, which, being 
caught between the piston and the crank- 
end cylinder-head, so effectually blocked 
the movement of the piston that the mo- 
mentum of the 40,000-pound fly-wheel 
pulled the connecting-rod in two and 
sheared the eight spokes of the fly-wheel, 
as shown by the crack close to the hub. 
The rim of the fly-wheel remained in 
tact, while the spokes were only slightly 
out of place. The fly-wheel was 20 
feet in diameter and had a face of 
43 inches. It was built in eight sec- 
tions and was worth about $2000. The 
wheel is of course a total loss, and when 
the construction of the rim is noted it 
seems strange as well as fortunate that 
the rim did not rupture also. 

The short stub-end of the connecting- 
rod which remained attached to the crank 
was of greater length than the distance 
from the crank-pin to the base of the 
engine when on the lower quarter, conse- 
quently it acted as a jack between the 
crank-pin and the engine bed, with the 
result that the shaft and wheel were 
lifted up at each revolution. The force 
exerted on the main bearing was so 
great that when it ruptured the heavy cap 
was thrown up through the roof. As a 
result of this accident the engine was very 
badly wrenched. 

Fig. 2 illustrates a fly-wheel explosion 
which occurred a short time ago at the 
plant of the National Rolling Mill, Vin- 
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ennes, Ind. The engine was of the slide- 
alve type, about 15 years old, and con- 
rolled by a 6-inch Pickering throttling 
vovernor. The cylinder was 22 inches in 
liameter, and 30 inches stroke. The fly- 
vheel, which was of the belt type, was 
nade in two sections with six arms, was 

4 feet in diameter, and had a 26-inch 
ace. The rim was 2% inches thick and 
he rim flanges 3% inches deep. At the 
ime of the explosion the engine was 
unning at a normal speed of 115 revolu- 
ions per minute. 

As the illustration shows, the wreck of 
the wheel was complete, the rim was 
yroken into a score of pieces, and all the 
irms broke off from the rim; also at the 
hub. Four 2-inch bolts in the hub of the 
wheel were sheared, and five 14-inch 
bolts in one rim joint had their heads 
pulled off while the bolt holes in the oth- 
er joints were distorted and forced open. 
A section of the rim 5 feet long and 
weighing about 400 pounds was thrown up 
through the roof and returned the same 
way, falling about 150 feet forward of 
the engine. One of the arms also traveled 
in the same direction through the roof, 
and landed 300 feet away. Two other 
pieces of the rim, one with the rim joint 
attached, fell at the rear of the engine, 
both pieces going up and_ returning 
through the roof, the balance of the arms 
and rim falling in various portions of 
the mill and into the wheel-pit. 

The cause of the accident, as well as 
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appeared to be in a defective condition. 
As the driving pulley was forward of the 
engine, the engine ran over, bringing the 
tight side of the belt on the bottom. The 
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flow of steam with the wheel already near 
the breaking point and the belt tearing in 
two at the same time, combined with no 
load on the engine, produced a condition 








FIG. 2. FLY-WHEEL WRECK DUE TO BREAKING OF THE DRIVING BELT, WHICH 
DISABLED THE GOVERNOR 


night engineer had started the engine at 
3:30 a. m., with the rolls running light, 
and when up to speed the belt broke, lap- 
ping around the governor belt, breaking 
off the brackets on the governor and car- 
rying away the pulleys, arms and ratchet 























FIG. I. WRECKED ENGINE CAUSED BY WATER FROM THE CONDENSER 


can be determined, was the breaking of 
the composition driving belt, which was 
24 inches wide and had been repaired in 
numerous places with riveted patches, and 


pawl, thus causing the governor to fail 
at the critical moment, and the throttle, 
probably not closing sufficiently tight, re- 
mained partly opened and the continued 


sufficient to cause the engine to speed up 
and run away. 

The spring of the governor was screwed 
up tight for a speed of 115 revolutions per 
minute. The usual speed of the engine 
was only within 4 per cent. of a mile per 
minute, so that a very slight increase in 
speed was sufficient to place the engine in 
jeopardy. Fortunately, none of the em- 
ployees in the mill at the time of the ac- 
cident was injured. The loss from this 
explosion was $1900. 

Both losses were paid by the Fidelity 
and Casualty Company, of New York, the 
fly-wheels being insured against accident 
by this company. We are indebted to 
William H. Boehm, superintendent of boil- 
ers and fly-wheels, for data and photo- 
graphs. 





Erosion of Steam Fittings 


The erosion of steam fittings by water 
in the steam was recently demonstrated 
by a test. Two 34-inch pipes were used, 
one known to carry water with the steam 
and the other dry steam. A flange union 
was put in each line, and between each 
pair of flanges a diaphragm of thin sheet 
iron was inserted, pierced by a %-inch 
hole in the center. Steam was then 
allowed to pass through both pipes for 
six hours a day for six weeks. At the 
end of the time the unions were taken 
apart and the diaphragms removed. The 
hole in the disk exposed to dry steam was 
unaltered, but that in the disk exposed 
to wet steam had been worn away so 
much that it resembled a_ keyhole.— 
Mechanical World. 
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Flue-gas Analysis and Boiler Efficiency 


Application of Flue-gas Analysis to the Determination of the 
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Air Supply and Furnace Losses and Estimation of Efficiency 
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Boilers are ordinarily tested by weigh- 
ing the coal delivered and the water fed. 
If the thermal efficiency is to be deter- 
mined, the heating value of the coal 
must be ascertained, and the total heat 
per pound of steam computed by noting 
the average steam pressure and feed-wa- 
ter temperatures. If the steam is super- 
heated, its temperature must be taken; 
if it is wet, the percentage of water 
which it carries must be measured and 
allowed for. The heat in the steam gen- 
erated, divided by the heat in the fuel 
burned, is the efficiency from grate to 
steam outlet. Some of the measurements 
necessary to establish this efficiency are 
difficult. The actual weighing of the coal 
and water is alone a matter involving 
much care. Provision for weighing the 
water necessitates considerable expense. 
Measurement of the water by meters is 
not accurate. Determinations of the heat- 
ing value of the coal must be made in the 
laboratory, and some experience is re- 
quired. The gages and thermometers used 
for measuring pressures and temperatures 
must be carefully tested and corrected. 
No method of determining the percentage 
of moisture in the steam is entirely satis- 
factory, particularly when this percentage 
is high. It is always difficult to make de- 
terminations which represent the average 
quality throughout the test. 

There are so many possibilities of error 
in a-boiler trial, even when conducted by 
experienced men, that it is usually con- 
sidered necessary not only to ascertain the 
boiler efficiency, but also to measure, as 
far as possible, the various losses of heat, 
and thus to check, more or less accurately, 
the figure for efficiency directly obtained. 

These losses are, mainly, those due to 
the loss of fuel in the ash, to radiation, 
and to the carrying away of heat in the 
flue gases. The heat lost in the ash may 
be computed by weighing this material 
and determining the heating value, either 
directly or by estimating from the percen- 
tage of combustible in the ash. It is 
usually a small proportion of the total 
heat. The loss by radiation can be meas- 
ured only approximately. The method is 
to maintain a fire in the boiler without 
generating steam, and to compute the 
amount of heat expended for radiation 


alone. Such a determination involves 


much elaborate computation, and in the 
vast majority of boiler tests is not made. 
Usually, no attempt is made to estimate 
the radiation loss. The heat delivered to 


WILLIAM 


D. 








ENNIS 





the steam, plus all known losses, is com- 
pared with the total heat in the fuel, and 
the unaccounted-for difference is charged 
to radiation from the walls of the fur- 
nace and boiler. Radiation losses are 
large; quite often as high as Io per cent. 

The heat which is carried away by the 
flue gases to the stack is a very large pro- 
portion of the total heat in the fuel; 
sometimes more than half. In order to 
measure it, the quantity of these gases 
and their temperature must be known. 
The temperature is easily ascertained; it 
can even be continuously, automatically 
and accurately recorded by using a record- 
ing thermometer. There is, however, no 
direct method practicable for measuring 
the amount of these gases, or the amount 
of air supplied to the fuel. 


RELATION OF FLUE-GAS COMPOSITION TO 
AMOUNT OF AIR SUPPLIED 


It is customary in boiler trials in which 
any attempt at completeness is made, to 
determine the composition of the flue 
gases, or the percentage of CO., CO, O 
and N, which they contain. This deter- 
mination is made by means of the Hempel 
or Orsat gas-analyzing apparatus, and 
is an exceedingly simple operation. If 
pure carbon were used as fuel, these four 
gases are all that the fuel and air could 
produce. Actual coals contain various 
substances other than carbon, and other 
gases than the four mentioned are formed: 
but these (excepting steam) are always 
in small proportions. With anthracite, 
nearly all of the gas is CO., CO, O or N. 

In actual practice, more air is almost 
always supplied to the fuel than the 
amount necessary for combustion, so that 
some free oxygen is generally contained 
in the flue gases. With a shortage of air 
supply, resulting in the production of CO, 
it is reasonable to expect that no free 
oxygen would be present, and that the 
proportion of nitrogen would be reduced. 
There are, then, two possible mixtures 
in the flue gases: ; 

With insufficient air, CO, CO: and N. 

With excess of air, CO2, O and N. 

The gases COz and N are common in 
both cases, and both must always be pres- 
ent under the actual conditions in steam- 
boiler practice. The analysis of a gas to 
determine the proportion of nitrogen 
would be difficult; the detection of CO: 
is very easy. This compound, moreover, 
bears a definite relation,to the amount of 








air supplied to the fuel. If sufficient «i'r 
is supplied so that the fuel (carbon) ‘s 
wholly burned to CO., then the amount 
of this gas is constantly 3.67 pounds per 
pound of fuel. Its percentage to the toial 
gas depends solely upon the quantity of 
such gas, or of air supplied, and if the 
percentage of CO: is known, the quantity 
of excess air may be directly computed 
If the air supply is deficient, some CO 
will be formed, and less CO:. The short- 
age of CO. will be proportional to the 
shortage of air; the shortage of total gas 
will be proportional not precisely to the 
shortage of air, since the total gas is de- 
termined by the air plus the fuel, and the 
latter.does not decrease. The quotient ex- 
pressing efficiency then decreases more 
rapidly in the numerator than in the de- 
nominator, as the air supply decreases, or 
in other words, the percentage of CO, 
diminishes with diminution of air supply. 
Algebraically, 


(i) A (fi) (A—8) 
(4)A+1~ (f)(4—4)+ 1 
in which A is the air supply and b the 
amount by which the air supply is de- 
creased. 

Charts have been prepared showing 
graphically the computed. relations be- 
tween percentage of CO. and quantity of 
air supplied per pound of fuel, the latter 
being assumed to be pure carbon, and it 
being assumed that the constituent gases 
are thoroughly mixed, so that no CO is 
formed, as long as sufficient O is present 
to’ permit of the formation of CO... In 
practice these conditions are never exactly 
realized. The existence of other sub- 
stances than carbon in the fuel results in 
the production of other gases than CO:, 
so that, more particularly with soft coals, 
the combined CO. and O in the gas does 
not equal 20.7 per cent. of the total gas 
volume, as it otherwise should. 

It is obvious that for each percentage 
of CO. there are two possible conditions 
of air supply; one in which the quantity 
of air is excessive, and the other in which 
it is deficient. After determining the 
CO:, we must know whether air is in 
excess before we can state the quantity. 
Fortunately, in actual operation, it is quite 
easy to determine this point by superficial 
observation, although very little informa- 
tion as to the amount of excess or de‘i- 
ciency can be gained except by actual 
measurement. A fire to which the air sup- 
ply is deficient produces blue flame and 
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ds to smoke. When such evidences are 
esent, the air supply should be slightly 
reased, and the result noted. If the 
becomes hotter, the flames white and 
smoke less, the air supply has undoubt- 
y been deficient. If no _ perceptible 
nge occurs, the air supply was prob- 
y excessive. Definite information can 
secured by noting the effect of changes 
air supply upon the composition of the 
gases. When the air supply is deficient, 
increase increases the percentage of 
CO.; when in excess, any further increase 
decreases the percentage of COs. 


CALCULATION OF AIR SUPPLY FROM FLUE- 
GAS ANALYSIS 

\s a concrete example, suppose a gas 
to contain 10 per cent. by weight of CO:. 
By the method suggested, it is found that 
this percentage corresponds, in this speci- 
fic case, to an excess of air. We know 
that each pound of (carbon) fuel burns 
to 3.67 pounds of CO:.. The total weight 
of gas produced per pound of fuel is 
then 3.67 +0.10= 36.70 pounds. The 
amount of air supplied must have been 
36.70 — I = 35.70 pounds per pound of fuel. 
This included oxygen, 8.2 pounds, and ni- 
trogen, 27.5 pounds. Since 2.67 pounds of 
oxygen united with the fuel to form CO, 
the remaining free oxygen is 5.53 pounds. 


We have the following conditions, then: 
Before Combustion. After Combustion. 





Lbs. per Lbs. per Per Ct. 
Ib. Fuel. lb. Fuel. by Weight. 
ge 1.0 C O2 3.67 10.0 
on Se 8.2 Oo 5.53 15.1 
Nitrogen... . 2... 27.5 N 27.50 74.9 
36.7 36.70 100.0 


Suppose, however, that the 10 per cent. 
of CO: is found to correspond with a 
shortage of air supply. Both CO. and 
CO are then produced. Each pvuund otf 
fuel will form just as much CQO, as the 
air supply will permit, under the condi- 
tion that all of the fuel must be con- 
sumed, to CO if not to COz Let the air 
supply per pound of fuel be x pounds, 
containing 0.23 + pounds of oxygen. Let 
y be the fraction of a pound of fuel 
burned to CO: and g the fraction of a 
pound burned to CO. Then 2.67 y and 
1.33 2 represent the amounts of oxygen 
used in combustion, and these two to- 
gether must equal 0.23 x. The CO: pro- 
duced amounts to 3.67 y pounds, which is 
10 per cent. of «+1, whence 36.70 y= + 
+I or r= 36.70y—1. Since 2.67 y+ 
1.33 s=0.234, we have, therefore, 2.67 


y+1.33 ¢=0.23 (3670 y—1) —843 
y—0.23, or 5.76 y= 1.332+0.23. But 
y+sz=1 or y=1I—e. Then 5.76 y= 


5.76 — 5.76.2, and this equals 1.33 2-+ 0.23. 
Finally, then, 7.0092=5.53 or 2=0.78, 
¥=0.22, and 0.23 #= (267 X0.22) + 
(1.33 X 0.78) = 0.59 + 1.04= 1.63 or += 
7.1 pounds, the amount of air supplied per 
pound of fuel. We may tabulate these 


conditions as below: 
Before Combustion. After Combustion. 
bs. per Lbs. per Per Ct. 
, Fuel. lb. Fuel. by Weight. 
Cart eee |e co 1.82 22.5 
Oxygen.......... 1.68 CO, 0.81 10.0 
Nitrozen......... 5.47 N 5.47 67.5 
8.10 8.10 100.0 





‘of CO is 14,500 — 6660 = 7840 B.t.u. or 
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Losses Due to KNoWN WEIGHTS AND 
TEMPERATURES OF GASES 

Of the total heat generated by the fuel, 
part is transmitted to the steam in the 
boiler, and part passes off to the chimney. 
A boiler would be perfect if, fuel and air 
being supplied at a known temperature 
and afterward burned together, producing 
an elevation of temperature, the gaseous 
products of combustion were discharged 
finally at the original temperature at which 
fuel and air were supplied. This economy 
cannot be realized in practice, since the 
steam in the boiler itself is much hotter 
than the temperature of the surrounding 
atmosphere. It might be more nearly re- 
alized if the entering air could be heated 
by otherwise wasted heat, so as to reach 
the boiler at a temperature equal to that 
of the steam. In most cases, furthermore, 
the gases are discharged at a temperature 
higher than that of the steam. The trans- 
mission of heat from the gases to the 
steam is so slow, when the difference of 
temperature is small, that it does not pay 
to try to get the last few degrees of tem- 
perature out of the latter. 

The loss to the stack is therefore the 
heat carried away by the gases, due to the 
difference between their entering and exit 
temperatures. This amount of heat is 
determined by the quantity of gas, its 
specific heat and the range of tempera- 
ture. The specific heats of the principal 
gases which are produced in combustion 
are about as follows: CO:, 0.217; N, 
0.245; CO, 0.245; O, 0.218. Assuming a 
flue gas temperature 500 degrees above 
that of the entering air and fuel, the 
losses may then be computed as follows, 
for the two cases above analyzed: 


Case 1. Excess Air: 10% CO:2: Losses 
to the Stack. 
CO,. 3.67 x 0.217 = 0.797 
O, 5.53 0.218 = 1.204 
N, 27.50 &K 0.245 = 6.740 


8.741} 500 = 
4370 B. t. u. per lb. of fuel. 
Deficient Air: 10% CO:: Losses 
to the Stack. 


CO, 1.82 « 0.245 = 0.446 
CoO,, .81 0.217 =0.176 
N, 5.47 & 0.245 1.336 


Case 2. 


1.958 « 500 
979 B, t.°n. per lb. of fuel. 
If the fuel contains 15,000 B.t.u. per 
pound, these losses are, 29.1 and 6.5 per 
cent., respectively. 


Loss DUE To THE FoRMATION oF CO 


It might appear from the above, that 
less loss accompanied the formation of 
CO than would be experienced with the 
production of CO: accompanied by excess 
of air. This, however, is not the case. 
The heating value of C burned to CO: is 
14,500 B.t.u. per pound; burned to CO, it is 
4450 B.t.u. per pound. For the first case 
given, 14,500 B.t.u. are evolved per pound 
of fuel; for the second, (0.22 * 14,500) + 
(0.78 & 4450) = 3190 -+- 3470 = 6660 B.t.u. 
are evolved. The loss due to the production 
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54 per cent. The total loss in the second 
case is 7840 +979 = 8819 B.t.u. or 60.5 per 
cent., against 4370 B.t.u. or 29.1 per cent. 
in the first case. 


ESTIMATE OF BOoILeR EFFICIENCY 

We have now outlined the method of 
ascertaining the losses due to incomplete 
combustion and to the temperature of the 
stack gases, the only necessary observed 
data being the percentage of CO: and the 
temperatures of external air and of flue 
The heat not thus lost, goes into 
the three items; generation of steam, loss 
to ash, and radiation. The loss to ash is 
small, and the loss by radiation is seldom 
determined. The flue-gas analysis, there- 
fore, serves as a measure of the boiler 
efficiency, which is (70.9 — A) per cent. in 
the first case and (39.5—A) per cent. in 
the second, in which A represents the 
constant percentage of loss due to the 
two items mentioned. So high a per- 
centage of CO as that found in Case 2, 
may be said never to occur in boiler-fur- 
nace operation. A to per cent. of CO, 
in the gas, with the range of temperature 
and fuel value stated, represents generally 
a boiler efficiency of (70.9—A) per cent. 
By determining once for all the value of 
A, it would be possible to tabulate corres- 
ponding values of CO, and efficiency. A 
boiler could then be tested (with a known 
fuel) by means of the flue-gas composi- 
tion and temperature alone. Actually, 
however, there is no need of establishing 
the numerical relation between gas com- 
position and boiler efficiency. When 
one has once learned to _ discuss 
efficiency of combustion and steam gener- 
ation in terms of gas analysis, percentage 
efficiencies are not needed in order to 
make comparisons. The percentage effi 
ciency is not a satisfactory basis in any 
case, since it includes the efficiency of 
the boiler and furnace jointly, and the 
two do not vary in the same way or 
from the same causes. 


gases. 


VARIATIONS IN Loss By RADIATION 


It is not strictly correct to speak of 
the radiation loss as constant. It undoubt- 
edly depends upon the amount of surface 
exposed, the character of that surface, 
and the difference in temperature. With 
varying percentages of COs in the gases, 
representing variations in the amount of 
air supplied, there are necessarily varia- 
tions in the furnace temperature, and 
consequent variations in loss by radiation. 
These losses tend to counteract those due 
to the excessive loss to the stack following 
increased air supply and decreased fur- 
nace temperature. Since the radiation 
loss is always much less than the other, 
it follows, however, that excess of air 
always results in a net loss, the amount 
of loss increasing as the excess air in- 
creases; and that the percentage of COsz, 
in spite of variable radiation losses, still 
represents the efficiency of combustion. 
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BoILER AND FURNACE EFFICIENCY 


It is the function of the furnace to 
produce the greatest possible amount of 
heat at the highest possible temperature, 
from the heat in the fuel. The maximum 
amount of heat is produced when carbon 
is burned to COz. The highest tempera- 
ture is then attained when the amount of 
air supplied is just sufficient, and no more. 
The 14,500 heat units liberated by each 
pound of fuel are first expended in an 
elevation in temperature of the gaseous 
products of combustion. We have the 
necessary data for calculating this eleva- 
tion in temperature, which is 

14,500 
(3.67 < 0.217) + (5.53 X 0.218) + (27.5 x 0.245) 

= 1660 Degrees 
for 10 per cent of COz in the gases. If 
the air supply were just the amount theo- 
retically necessary, the denominator of 
this fraction would be (3.67 X 0.217) + 
(8.94 X 0.245) and the temperature eleva- 
tion would be 4870 degrees. Since the 
percentage of COz shows the composition 
of the gas and the perfectness of combus- 
tion, this percentage fully indicates the 
efficiency of the furnace. 

The efficiency of the boiler proper de- 
pends upon the extent to which the heat in 
these hot gases is removed before they 
are discharged to the stack. If they were 
cooled down to the original temperature 
of the entering air, the efficiency of 
transmission would be t100 per cent. 
The actual efficiency for a stated dis- 
charge temperature of gases is  propor- 
tional to the difference between the 
furnace temperature and that of the dis- 
charge temperature. The discharge tem- 
perature, with the flue-gas analysis (de- 
termining the furnace temperature) there- 
fore fully determines the boiler efficiency. 


SCIENTIFIC AND OPERATING BoILerR TRIALS 
[ am not arguing that flue-gas analysis 
is an exact or final method of determining 
the efficiency of the unit. It determines, 
not the heat converted into work, but 
only a portion of the heat rejected. Any 
test, to be of scientific value, must mea- 
sure every item of heat, whether trans- 
formed into work or rejected. To do this, 
except in the laboratory, involves much 
labor, expense and time. Few tests, con 
sequently, offer results of genuine scien- 
tific value; and even in these, the unaccoun- 
ted-for balance of heat is always large, 
indicating the inaccuracy of determina- 
tion of some of the items. ‘n the rough 
tests often made during ordinary operation 
of a plant, the evaporation per pound of 
coal is usually all that is determined. 
This is reduced to the comparative equiva- 
lent by observation of the average steam 
pressure and feed-water temperature. The 
heating value of the coal, which is sub- 
ject to frequent variation, is only occa- 
sionally determined. The heat losses are 
in the majority of cases not measured. 
Flue-gas temperatures are taken, but 
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these, without knowledge of the flue-gas 
composition, contribute nothing to the 
data necessary for a heat balance. Even 
in these crude tests, the expense is not 
small,-and there is always more or less 
interruption to the regular operation of 
the boiler being tested. The expense of 
tanks and piping for measuring or weigh- 
ing feed-water often leads to the use of wa- 
ter meters, leading to still wider approxi- 
mations. In the majority of cases, the fig- 
ures obtained in these rough ways do not 
express with any degree of accuracy the 
efficiency of the unit. They throw no 
light whatever 
efficiency or upon the causes of the varia- 


upon variations in the 


tions. 


CHEAPNESS OF THE FLUE-GAS METHOD 

Determinations of the volumetric com- 
position and temperature of the flue gases 
can be made accurately and rapidly by men 
of limited experience, with simple and 
cheap apparatus, which can be applied 
at short notice without any preliminary 
work of installation whatever, and often 
without even the knowledge of the fire- 
man. instruments for the 
measurement of temperatures and percen- 
tages of COs are on the market. 
While these are rather expensive, their 
cost does not compare with that of the 
equipment for a complete boiler trial. By 
their aid, one or all of the boilers of the 
plant may be continuously under test. 


Recording 


now 


RELATIVE ACCURACY 

Deductions as to efficiency, based on 
flue-gas analysis, depend largely upon the 
uniformity of the fuel, and particularly 
upon its approximation to pure carbon. 
For all fuels, however, high CO: means 
high efficiency. With anthracite, flue-gas 
analysis gives a better indication of effici- 
ency in ordinary operating tests than wa- 
ter-meter measurements. In all tests, the 
large items are the ones to be most care- 
fully and accurately measured. Since boiler 
efficiencies are usually considered to range 
from 60 to 8o per cent., the measurement of 
the heat in the steam (by weighing the 
water and observing the steam pressure 
and feed temperature) is assumed to be 
the most important part of the work of 
a test. Boiler efficiencies are often lower 
than 60 per cent. Probably the average 
of all plants in the country is less than 
60 per cent. In these power plants, the 
heat in the steam becomes a smaller pro- 
portion of the total heat, and in such 
cases flue-gas analysis may serve to meas- 
ure a larger proportion of the total heat 
in the fuel than feed-water measurements; 
becoming, therefore, a more logical way 
of determining efficiency. 


VARIATION IN EFFICIENCY 
Various boiler trials have been reported 
in which an attempt has been made to sub- 
divide the trial into periods correspond- 


ing to variations in rate of evaporation, . 
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method of firing, etc., showing the corres- 
ponding efficiencies. The data obtaine 
have not been conclusive. We do no 
know to this day, what the most economi 
cal rate of evaporation may be. TI 
reason for the inaccuracy is the difi 
culty of properly estimating the unco: 
sumed coal on the grate and the variatio1 
in amount of water in the boiler, so 
to compute the _ pericdical 
It is even considered that a test of eig 
hours is too short to eliminate variatio: 
in condition at starting and stopping, a: 
tests of twelve hours duration, and long 


evaporati 


Flue-gas 
continuously, 
showing instantaneously any variations i 
efficiency and giving opportunity for in 
mediately finding and correcting the caus 


are more frequently made. 


alysis may be conducted 


for those variations. 


INCREASING EFFICIENCY OF COMBUSTION 


The steam boiler has been becoming a 
back number on account of the difficulty 
of measuring its day-by-day efficiency. 
The steam engine may be readily examined 
by means o the indicator at a few mo- 
ments’ notice, and while the indicator gives 
no final measure of steam economy, its r¢ 
sults are accepted as of essential value 
What the indicator 
does for the steam engine, flue-gas anal 
ysis does for boiler operation. More than 
this, boiler efficiency may vary widely in 
a moment of time. 


and conclusiveness. 


The variations have 
been suspected, even proved, but not sat- 
isfactorily measured. They are due to 
causes which may be corrected, and which 
are shown by flue-gas analysis. No such 
variations are possible with the steam en- 
gine. The engine loses its efficiency gradu- 
ally and Carelessness of 
operation cannot affect it much. The effi- 
ciency of the boiler depends almost wholly 
upon the operator. No practicable way 
of closely watching that efficiency, other 
than that furnished by analysis of the 
flue gases, has ever been devised. Direct 
measurements of the temperature of the 
fire by equally accurate methods might 
alone be equally satisfactory. 


very slowly. 





To find the percentage of clearance in 
an engine place, the engine on the cei- 
ter, close all outlets, fill the clearance 
space with water, keeping an account of 
the amount used, then move the engine 
off the center, pour in an additional equal 
quantity of water, move the engine back 
toward the center, and when the water 
just shows at the point where the filling 
was done, measure the distance of the 
crosshead from the end of the stroke. 
This distance divided by the total stroke 
and multiplied by 100 will be the per: 
centage of clearance. 





Rub red rubber flange gaskets with 
white lead paint (very sparingly) to make 
them stick tenaciously to the metal. 
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Mementoes of Watt Presented to 


the A.S. M. E. 


n the February 11 number, under the 
men- 





caption, “Some Interesting Relics,” 
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bership in the Insurance Society of the 
Soho Manufactory of Boulton & Watt, 
together with a of Watt's 
workroom, in was 


photograph 
the picture 
Through the courtesy of Harri- 


which 
found. 








WATT’S WORKROOM 





tion was made of the recent presentation 








to the American Society of Mechanical 
| 
: 
; 
y 
R 
. 
CERTIFICATE OF MEMBERSHIP IN 
h 
7 Engineers, by Prof. John E. Sweet, of a 
copper-plate print of a certificate of mem- 





AT HEATHFIELD 


HALL 


son H. 


to our readers this week the accompany- 
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ing illustrations of these interesting me- 


mentoes. 





Suplee we are enabled to present 
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Gas- 


and Steam-engine Pro- 
portions 


By W. H. Booru 





The gas engine differs structurally 
from the steam engine in two particulars, 
it is much more ponderous than a steam 
engine of equal output and has usually a 
much heavier crank-shaft. The differ- 
ence in total weight must not be laid to 
the higher mean pressures exerted in the 
cylinder, for, in certain 
power, the mean pressure in the gas-en- 
gine cylinder will be higher than that in 
the steam-engine cylinder, so that for a 


engines of a 


given power per stroke the gas engine 
may have the smaller cylinder. But the 
four-stroke-cycle gas engine has only one 
given 
power, therefore, its cylinder area must 
be four times the area of the steam-en- 
gine cylinder, per pound of mean effec- 
tive Since this latter will be 
as 3 to 2, approximately, the actual cylin 
der area will be as 2.66 to 1, or the diam- 
eter ratio will be 1.63 to I. 
Approximately the gas engine appears 
fully 50 per cent. the larger when its pis- 
ton the that of the 
This is a very strong in- 


working stroke in four. For a 


pressure. 


speed is same as 
steam engine. 
ducement to the designer to produce an 


engine which shall do work in both ends 
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Such a design, however, 
stuffing-box, 


of the cylinder. 


necessitates a piston-rod, 
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gland and cooling devices. It involves 
double the number of explosions per min- 
ute in the cylinder and it renders possible 
a reduction of the cylinder ratio, as com- 
pared with a steam engine, to 1.33 to I, 
or a diametral ratio of about 1.16. Com- 
plication in an engine is always to be 
avoided if possible, but the success of 
such a design tends to spur on a designer 
to obtain a working stroke from each of 
the cylinders every revolution, so as to 
reduce the cylinder ratio to 0.66 to 1 and 
the diametral ratio to 0.8. 

In order to make a gas engine double- 
acting it is necessary merely to overcome 
the difficulties of packing the piston-rod 
and the cooling requirements. But to 
obtain an explosion in each end of the 
cylinder every revolution the principle of 
the engine must be changed. The fresh 
charges of air and gas must be positively 
or, rather, mechanically, forced into the 
cylinder. The spent gases from the pre- 
vious explosion must be pushed out of 
the cylinder, and so far the only practi- 
cable way of driving out the spent 
charge is by way of a third cylinder port 
to be uncovered by the piston. There 
must be a source of air at a sufficient 
pressure and a source of gas at a suffi- 
cient pressure or these two fluids will not 
enter the cylinder rapidly enough for the 
successful working of the engine. Entry 
must be so rapid, in fact, that the old 
charge shall be forced out and the new 
charge introduced before the piston has 
returned too far along the compression 
stroke. The rapidity of flow of gas or of 
air is easily made very great, and it is 
common to hear the complaint that this 
method of working a gas engine permits, 
or is very apt to permit, a certain direct 
loss of unburned gas by way of the ex- 
haust port. The only way in which this 
loss can be prevented with absolute cer- 
tainty is to defer the admission of gas 
until the exhaust port has been closed 
by the piston. This in turn demands gas 
at a pressure high enough to enter against 
the now enhanced pressure in the cylinder 
and there are those who would compress 
the gas by a separate pump to a pressure 
above that of the fully compressed charge 
in order that perfect freedom from pre- 
ignition risks may be secured, as in the 
Diesel engine. 

The four-stroke gas engine has the ad- 
vantage of age and long experience, and 
there are probably no gas engines today 
that are running with the same ease and 
certainty as are some of the largest en- 
gines of this class. But the saving in bulk 
possible with other types is too great to 
be passed over lightly and doubtless every 
day will see an increase of these engines 
which economize in size at the expense of 
complication. Where numerous engines 
are worked, the air and gas supplied to 
all of the engines will ultimately come 
from central sources. 

The large diameter of the gas-engine 
shaft is also due to the causes just out- 
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lined. First, as regards single-acting, or 
double-acting, there is the difference of 
the stresses in the shait. A single-acting 
engine produces a torsion in the shaft 
which is reversed on the next stroke 
when the shaft is pushing back the piston. 
Reversing stresses are about 50 per cent. 
more destructive than stresses in one di- 
rection only. The crank-shaft strength 
ratio is thus not simply 4:1, as between 
a four-stroke and a one-stroke method of 
working, but it is as 6 : 1, or diametrally 
as 1.8:1, the strength varying as the 
cube of the diameter. This is why gas- 
engine crank-shafts are so very large and 
this point must be of great importance on 
the score of cost. Indeed the four-stroke 
engine embodies’ a large amount of ma- 
terial which does very little work during 
a large proportion of its working hours. 
The utility factor of its material is not 
great. : 

In every engine there is loss by fric- 
tion. In a steam engine this loss may be, 
let us say, 8 per cent. Then in a four- 
stroke gas engine it would become 32 per 
cent. for an equal mean pressure. But 
assuming the mean pressure ratio of the 
gas engine to that of the steam engine is 
as 3 to 2, the frictional loss of the four- 
stroke engine would be reduced to about 
21 per cent. The one-stroke engine would 
have a frictional loss but one-fourth of 
this and on this reasoning one would ex- 
pect a gas engine with all working 
strokes to have a frictional loss as com- 
pared with the steam engine of, say, 5 
to 8. These figures are not intended to 
be positive, but rather illustrative, for 
other factors come in which modify the 
calculation of engine friction which has 
here been based solely on cylinder area. 
But enough has been said to show how 
very important is the cyclical working of 
an engine. The four-stroke engine is the 
simplest; the two-stroke engine intro- 
duces possible piston-rod troubles; the 
one-stroke engine introduces the farther 
complication of pumps which prevent the 
frictional loss falling to one-fourth that 
of the four-stroke engine. The gas en- 
gine has not yet been crystalized into any 
ultimate form. The different systems of 
construction are fighting it out among 
themselves, and that system will ulti- 
mately win which gets most power per 
pound of metal if only the makers can 
master the troubles incidental to compli- 
cation of detail and troubles due to heat. 

It must not be overlooked that one of 
the arguments of the four-stroke advo- 
cates is founded on the production in 
two-stroke or one-stroke engines of more 
heat in the cylinder in a given time 
rather than on any purely mechanical or 
structural difficulty. On the other hand, 
there are those who are apt to regard the 
Otto cycle in the light ofa fetish, forget- 
ting that it was but a method of securing 
in one cylinder both compression and 
combustion with the minimum complica- 
tion of parts. In the earlier days of the 
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gas engine it was of course applied onl; 
to small engines, and constructors today 
dealing with engines of many tons migh’ 
very well be excused if they seek to giv: 
a larger factor of utility to the meta 
they employ. 





Catechism of Electricity— 
XXXVIII 


630. Are the switches used on high 
totential circuits made the same as thos: 
in Figs, 183 and 184? 

No; switches for use on high-potential 
circuits must open quickly when pulled, 
so as to prevent arcing between the blades 
and the bars with which they have been in 
contact. Otherwise, arcs would form, and 
burn the copper composing the blades and 
bars. To prevent this, quick-break 
switches have been devised. 

631. Illustrate and describe a quick 
break switch. 

Fig. 185 shows a double-pole switch of 














. 185. DOUBLE-POLE SINGLE-THROW QUICK- 
BREAK SWITCH 


this type. The blades of the switch are 
shown at a and d, and the arms at c and 
e connecting with the handle h; both the 
arms and the blades are ‘pivoted at the 
same point. When the switch is to be 
opened, the handle h is raised, and the 
arms c and e necessarily follow. The 
blades a and d, however, remain in con 
tact with the jaws m and mn until the 
handle is raised sufficiently to exert the 
necessary tension on the springs r ands, 
the extremities of which are fastened to 
the arms and blades of the switch. When 
the tension of these springs becomes suf- 
ficient, the blades are pulled away from 
the jaws m and n with great force, and 
therefore quickly break the circuit and 
prevent serious arcing. 

632. Do the quick-break switches jus 
described possess any serious disadvai- 
tages? 

They are not very desirable for use 0! 
inductive circuits, such as those containin: 
generators and motors, owing to the fac 
that when the duration of the arc is thus 
shortened a strain is produced upon | 
insulation of the machines which is lialle 














to be of a serious nature. When a circuit- 
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carrying current is opened, the current 
tends to keep on flowing, and if the flow 
is checked very suddenly at the switch 

















FIG. 186. QUICK-BREAK SWITCH PROVIDED 
WITH COPPER AND CARBON 
CONTACTS 


the current tries to complete a circuit 
through some other path. In attempting 
te do this the current is liable to break 
through the insulation where it is not at 
its best and seriously damage it. For 
opening inductive circuits carrying. pres- 
sures above 1000 volts, the quick-break 
switches previously considered are inade- 
quate. On non-inductive circuits of small 
power, however, they may be used up to 
2500 volts. 

633. How may the disadvantages of 
quick-break switches, mentioned in 632, 
be overcome? 

To overcome the kick or reactive effect 
of the current and at the same time pro- 
tect the switch from being burned by pro- 

















FIG 187. SINGLE-POLE DOUBLE-THROW 
DOUBLE-BREAK SWITCH 


longed arcing of the current between the 
contact parts, two sets of contacts may 
be provided, one set of copper and the 
other set of carbon blocks, as in Fig. 186. 
When this switch is closed, the copper 
contacts serve to conduct the current with 
the least resistance possible; when the 
switch is opened, the copper contacts 
separate first, forcing the entire current 
through the carbon blocks so that when 
these separate an instant later, whatever 
arcing occurs takes place between the car- 
bons and does no harm to the copper 
Parts. ‘ 

34. Are knife switches made in any 
other forms than those just described? 


Yes: there are “double-throw” knife 
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switches with different numbers of blades 
in common use. 


635. Show a single-pole double-throw 
switch, 
Fig. 187 illustrates this type. This 


switch corresponds to the one in Fig, 183 
because it is of single-pole construction. 

636. Are there also double-throw 
double-pole knife switches? 

Yes; two switches of this type are 
shown in Figs. 188 and 189. The former 
has two sets of jaws, and the latter four 
sets. The switch with four sets is pref- 
erable in all cases, and it is always used 
for high-potential work and for carrying 
heavy currents. 

















FIG. 188. DOUBLE-POLE DOUBLE-THROW 
SINGLE-BREAK SWITCH 


637. Are knife switches having three 
blades or poles manufactured? 

Yes; a three-pole single-throw knife 
switch is shown in Fig. 190, and a three- 
pole double-throw knife switch is shown 
in Fig. 191. 

638. What important considerations en- 
ter into the construction of switches for 
electrical work? 

















FIG. 189. DOUBLE-POLE DOUBLE-THROW 
DOUBLE-BREAK SWITCH 


The current-carrying parts should have 
a cross-section of about one square inch 
per 1000 amperes. The surfaces of the 
contact parts should have an area of about 








one square inch per 100 amperes, or ap- 
proximately ten times the cross-sectional 


area. If, however, the mechanical pres- 
sure between the contact surfaces be in- 

















FIG. 190. THREE-POLE SINGLE-THROW SWITCH 


creased above that usually employed, the 
area of the contact surfaces may be less 
and if the pressure be less than that usu- 
ally employed, the area of the contact 
surfaces must be greater than would be 
used for normal pressures. The blades, 
jaws, and contacts should be constructed 
to give an even pressure throughout, but 
no part of the contact surfaces should 
grind, cut, or bind when the blade is re- 
moved. The workmanship should be such 
that the blades can be moved with a per- 
fectly uniform motion, and the jaws should 

















FIG. 191. THREE-POLE DOUBLE-THROW SWITCH 


be so alined that the blades will enter 
them without the slightest stoppage. 

639. What kind of switches are used 
for very high-potential circuits? 

For opening inductive circuits carrying 
pressures above 1000 volts, switches are 
made in which the break takes place in 
oil. In others, the arc is ruptured in open 
air by drawing it through a wide break, 
and in still others, the arc is ruptured by a 
sliding shutter which intercepts the arc 
when the contact is broken. 














The Specific Heat of Superheated Steam—l! 


An Account of the Chase for This Elusive Quantity, with a Com- 
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parative Study of Results Obtained by Various Experimenters 





The final name on the list of experi- 
menters operating by calorimeter is that 
of A. R. Dodge, of Schenectady, N. Y., 
who presented a paper to the American 
Society of Mechanical Engineers at its 
Indianapolis meeting, in May, 1907. 

Mr. Dodge worked with very large 
quantities of steam, using the flow through 


TABLE 5. 


TEMPERATURES, DEG, 





ey FAHR. 
I Average ¥ 
= | Pressure , ~ |% Mean 
A by Gage. = = oh Value. 
L = = S 
a = = Be 
= < 
1 | 92.3 502 363 432 0.480 
2 | 93.2 485 355 420 0.490 
3 | 92.9 553 363 458 0.496 
4 171.5 532 393 462 0.495 
5 164.5 559 380 474 0.487 
6 154.1 496 392 444 0.503 
7 |154.3 494 392 443 0.507 
8% |154.4 495 408 451 0.547 
9 151.9 570 414 402 0.547 
10 (105.0 567 371 460 0.537 
11 | 34.7 446 301 373 0.502 
12 | 87.7 578 354 466 O.515 
13 (114.7 582 370 476 0.523 
14 141.2 592 386 480 0.502 
15 | 18.2 514 278 396 0.490 
16 | 35.6 546 303 424 0.400 
17) 62.9 564 320) 446 0.485 
18 62.4 435 333 3R4 0.481 
19 136.0 474 386 430 0.537 
20 | 71.9 590 336 463 0.476 
et 589 | 345 467 0.465 
22 | 71.9 605 333 469 0.432 
23 | 14.5 in.vac. 561 203 3R2 0.497 
24 | 14.5 in.vae. 572 204 388 0.497 
25 | 14.0 in.vae. 582 202 392 0.497 
0.490 


26 | 11.3 in.vac. 547 206 376 





a six-inch pipe, amounting at times to 
more than four hundred 
boiler horse-power. Into this six-inch line 
Mr. Dodge carried an injection pipe for 
cold water, the small pipe extending for 
about ten feet into the larger one, along 
its axis and opposite the direction of flow 
of the steam, before the water was actu- 
ally discharged into the current of steam. 
The steam was superheated to the maxi- 
mum degree desired before meeting the 
water. After mingling with the water, the 
temperature of the resultant mixture was 
roted again, after which the entire flow 
was condensed and weighed. Mr. Dodge 
reports the shown in Table 5. 
Mr. Dodge’s conclusions are that “tem- 
perature has no appreciable effect upon 


considerably 


results 


the value of S,, but there is a regular in- 
crease of the value as the pressures in- 
crease.” 

The writer is sorry that he finds occa- 
criticise not only Mr. 
methods of experiments, but also his the- 


sion to Dodge s 





ory and his 
mentions this regret because he knows 
that great diligence and care, as well as 
considerable money, were devoted to this 


BY FPROFP. SIDNEY A. REEVE 


conclusions. The author 


investigation, and the results are corres- 
pondingly disappointing. 

As to the methods employed, it seems 
beyond question that the distance and time 
allowed for the mingling of the super- 
heated steam and the injection water were 
toc short. The phenomenon of super- 
heated water, or unevaporated water in 
superheated steam, in a 
cloudy state at a temperature considerably 
above the saturation temperature, is now 
generally accepted as a familiar one. It 
is too much to expect that a six-inch cur- 
rent of steam, moving at ordinary steam 
velocities, is going to alter its tempera- 
ture by some two hundred degrees, and 


suspension in 


thereby evaporate and superheat an injec- 
tion of from 4 to 10 per cent. of its 
weight of cold water, including passage 
through this intermediate cloudy state, and 
yet get it all thoroughly within 
twenty litfear feet. It does not seem pos- 
sible. 

In addition to this 
throttling was permitted to occur within 
the calorimeter. 
as in some of the other investigations de- 


done 


fault, considerable 
This was not as great 


scribed, it is true; but it was greater than 
was necessary, and it seems to have been 
entirely neglected in computing the re- 
sults. The writer has not had the leisure 
to re-compute Mr. Dodge’s data, to elimin- 


ate the effect of this throttling, as he did 





total variation reported by Mr. Dodve 
throughout his entire series of experi- 
ments. 

Further criticism of this investigation 
rests upon the fact that the results neces- 
sarily depend upon the figures of Reg- 
nault’s table; and also that the 
value for 5S; had to be averaged over too 
wide a range of temperature. These facts 


steam 


TABLE 6. 
: i | Se > 
Temperature, |v, : g, | Variation of S) 1} 
Deg. Fahr. | Value of Sp. Degree. 


239 | 0.432 | 
|... 0.00307 
254 | 0.478 } | 
| 1 | ...0.00336 
265 | oss ! 
| . 0.00294 
282 0.565 
| |... 0.00395 
303 | 0.648 y 


0.00333 (average.) 


were fully appreciated by Mr. Dodge, and 
led him to abandon the water-injection 
method for the  throttling-calorimetet 
method. His work in this direction will 
be reviewed later. 

But even if Mr. Dodge’s results be ac- 
cepted without question, we cannot accept 
his conclusions as to the independence of 
Sp of The nature of the 
experiments is not such as permits quite 


temperature. 


positive conelusion as to the degree with 
which S, varies with temperature, it is 
true; but there is certainly too much evi- 
} with temperature to 


dence of variation 


permit the exclusion of any such variation 


‘TABLE 7. 


Pressure : Lbs. 





sq.in. by gage. 





. | 
Temp. Deg. Fahr.| = —10 —5 Atm. 10 20 30 10 50 | 80 , 110) 160 
220 0.373 
230 0.389 0.379 | 0.375 
240 0.417 | 0.411 | 0.409 0.424 | 
250 0.448 | 0.443 | 0.443 0.445 
260 0.481 0.476 =| 0.472 0.467 0.447 
270 0.515 0.509 | 0.506 0.503 0.496 
280 } 0.542 0.548 0.539 0.540 0.541 
290 | 0.602 | 0.600 0.579 0.576 0.578 | } 
300 0.663 0.630 0.62 0.612 0.606 0.625 
310 0.670 0.66 0.65 0.62 0.623 | 0.646 
320 | 0.70 0.68 0.63 0.62: 0.63 
330 | 0.64 0.62 | 0.615 |0.70 
340 | 0.72 
350 0.81 
370 1.90 


with the observations of Knoblauch and 
Jakob; but it appears to be certain that 
the results differ from 
ported by a degree which is not unimport- 
ant in comparison with other discrepancies. 
Indeed, the one test thus re-computed 


would those re- 


showed a correction of, S» due to throt- 
tling which amounted to one-fifth of the 





From an arithmetical comparison of [est 
3 with Tests 1 and 2, for instance, it ap- 
pears that, at a pressure of about 93 
pounds by gage, 
temperature of 428 degrees is 0.485. at 
458 degrees it is 0.496 and at 523 de 
grees 0.520. These figures are consiste1! in 
showing an increase of about o.oo1 in S 





the value of S» at 4 














60 


1.90 


U 
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h each three degrees rise of tempera- 
Similarly, Tests:6, 7, 8 and 9 in combi- 
ion show values of S,. under a pres- 


sure of 154 pounds by gage, of 0.270 at 
400 degrees, of 0.505 at 444 degrees, of 


17 at 451 degrees and of 0.572 at 533 
These four points indicate a 
oth and likely enough function be- 
en Sp and T, although one very dif- 
ent from the straight line of Tests. 1, 


orees. 


2 and 3. 


fests 17 and 18 in combination indicate 


the following values, for a pressure of 
62 pounds by gage: At 385 degrees, 0.481; 


449 degrees, 0.485; at 408 degrees, 
885. These figures indicate a straight- 


line function, the value of Sp rising 0.001 
for every fourteen to sixteen degrees rise 
of temperature. Tests 23 to 26 similarly 


indicate a rise of S, with temperature, 
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under a vacuum of about 14 inches, of 
0.001 for about every two degrees. These 
indications are too inconsistent to permit 
the formulation of a law of variation of 
S, with temperature from them; but they 
would quite justify, assuming the cor- 
rectness of the observations, the asser- 
tion that Sp did increase with tempera- 
ture, 


THE THROTTLING CALORIMETER 


A number of observers have preferred 
the method of throttling high-pressure 
steam, either nominally dry-saturated or 
superheated, in order to still farther su- 
perheat 
for S,. The first of these among recent 
observers was the late Mr. Grindley, who 
Teported his results in Philosophical 


] 


‘ransactions, Vol. 194. Grindley reported 


it, and thus to determine values 
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no variation oi the specific heat with pres- 
sure, but an increase with temperature as 
shown in Table 6. 

Mr. Grindley’s methods of computation 
of his from his observations did 
not quite satisfy the author, partly be- 
cause they rested upon Regnault’s steam 


results 


values and partly because they included 
pressure-volume 
did not 


equations which 


desirable 


some 


seem a necessary or 


feature. He therefore plotted Grindley’s 
observations graphically, several years 
ago, using no equations whatever and 


checking the Regnault values by the data 
themselves. The results of this diagram 
were published in the Journal of the Wor- 
cester Polytechnic Institute for Novem 
ber, 1904. This 


now out of print. 


issue of the Journal is 

The writer has there- 
fore repeated the process anew, and by a 
slightly different method. The graphical 
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there must be provided a “gasification 
heat” between complete vaporization and 
the beginning of superheat. This gasifica- 
tion heat appears to the writer as nothing 
else than a completion of vaporization. 
Regnault, it has now been generally con- 
cluded, used steam which was slightly wet, 
calling it dry-saturated. Now Grindley, 
Griessmann, Batelli, and also Dodge, I 
from a 
condition said by Regnault’s figures to be 
dry-saturated, find an intermediate period 
before superheat begins. Of the fact there 


believe, in wire-drawing steam 


scems to be little question; yet it seems to 
the writer only sensible to accept this fact 
as proof that vaporization had yet to be 
completed, rather than to complicate and 
mystify the situation farther by the un- 
necessary introduction of a novel and as 
yet unclassified heat-quantity, “gasification 
heat.” 
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results are given in Fig. 3, in company 
with other observations.. The arithmeti- 
cal conclusions are shown in Table 7. 
It will be noticed that the results in Table 
7, while showing a general increase in .Sp 
with both pressure and temperature, do 
not make it a straight-line function of 
either. The author regards the table as 
another and more striking exhibit of 
variance of conclusions from identical ob- 
servations, rather than as constituting a 
set of probably accurate values of Sp. 

A close follower of Grindley was Griess- 
mann, who reports his farther inves- 
tigation along Grindley’s lines in the Zeit- 
schrift des Vereines Deutscher Ingenieure 
for 1903, page 1852. Griessmann also 
quotes an Italian observer, Batelli, whose 
data are not available to the writer. 


Griessmann commends Batelli’s idea that 


were published in 
1904, have been criticized in friendly fash- 
ion by.an anonymous writer in the London 
Engineer (1905, page 105), on the score 
that there admittedly exists a “cloudy” 
state of steam between liquidity and dry 
vaporousness. ‘“Vaporization” he evi- 
dently calls the process of producing from 
liquid water this cloudy-steam state, 
wherein fine particles of water are still 
distributed throughout the steam body in 
suspension. The next step in the produc- 
tion of superheated steam, viz, the dry- 
ing out of this cloud from the steam, he, 
with Batelli and Griessmann, would evi- 
dently call “gasification.” 


These views, which 


To the writer, as his anonymous critic 
states, “water is water and steam is 
steam.” The fact that water may be 
mechanically sub-divided into particles so 
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fine that they will float suspended in the 
steam does not make it any the less 
water. Vaporization is a molecular phe- 
nomenon, and not until the sub-division 
of all the water present has attained 
molecular dimensions is the substance 
completely vaporized. Batelli’s “gasifica- 
tion heat” is nothing more than a residue 
of vaporization heat. The latest investi- 
gations available for inclusion in this 
article corroborate this statement, and 
also the view indicated by the work of 
many earlier experimenters, that there is 
no intermediate stage between truly satur- 
ated vaporization and true superheat. 
Griessmann relies wholly upon Reg- 
nault’s steam values, in computing his re- 
sults, and“ states that his observations 
corroborate Grindley’s. Doubting both of 
these positions, the writer plotted Griess- 
mann’s observations on the same sheet 
with Grindley’s, upon a large scale, and 
the result is visible in Fig. 3. Whereas 
Grindley’s data lend themselves to the de- 
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Boiler-feed Purification 





By H. Spurrier 





Not only from considerations of safety 
but also from those of economy is the 
introduction: of oil into boilers highly ob- 
jectionable, as the results of the following 
experiment shows: Two nickel crucibles 
were thoroughly polished and chemically 
cleaned, marked A and B, respectively, 
and weighed on a delicate chemical bal- 
ance; in each was placed exactly 25 grams 
of distilled water, and to B was added 
0.0227 gram of mineral oil, being equal to 
0.0908 per cent. of the water. The two 
crucibles were then placed side by side 
in a mercury bath, both being quite up- 
right and immersed to exactly the same 
depth. The mercury was then raised to 
and maintained at a temperature of I10 
degrees Centigrade (equal to 230 degrees 
Fahrenheit) for thirty-five minutes, after 
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entrance’ of oil and its consequent evil 
has been the object of much experime: 
and several inventions. It has be 
demonstrated that the finely divided « 
may be removed from condensed engi: 
exhaust by producing in the water a rel 
tively bulky precipitate which collects a: 
holds fast the oily particles, after whi 
complete filtration becomes an easy m 
ter. Water so treated and efficiently | 
tered is indistinguishable from distill 
water in appearance. The chemical 
ness of such treated water depend 
largely upon the nature and proportion 
of the chemicals used to produce the 
necessary precipitate. To this end sul 
phate of alumina and carbonate of soa 
have been used, producing a bulky, g« 
tinous precipitate of a basic carbonate of 
somewhat uncertain composition. This 
precipitate readily engages the oil and 
filtration is quite easy, the resulting water 
being perfectly bright. As long as a slight 
excess of carbonate of soda-exists all is 






































velopment of a seemly table of values, 
consistent with themselves, those of 
Griessmann agree neither with Grindley’s 
nor with each other. 

The value of Sp is indicated upon such 
a diagram as Fig. 3 by the slope of the 
constant-heat, or wire-drawing, curves 
which traverse the sheet from northwest 
to southeast, portraying the progress of 
the wire-drawing processes. Now Grind- 
ley’s data lend themselves to the drawing 
of almost straight lines, bending only 
slightly at their lower ends, with very 
little fairing or smoothing. But through 
Griessman’s data one is forced to draw 
curved lines, and for no two experiments 
are the curves similar in form. I have 
been unable to deduce from Griessmann’s 
data any consistent values for S$» what- 
ever. 





To make sure that a set-screw won’t 
slip, try striking it as you would a nail 
while tightening it with a wrench. 





DIAGRAM OF FEED-WATER PURIFYING AND SOFTENING PLANT 





which the crucibles were cooled and again 
weighed. That marked 4 had lost 15.9585 
grams, equal to 63.83 per cent. of the.orig- 
inal content, and B lost 11.85 grams, equel 
to 47.43 per cent. of its water content. 
Therefore, 16.4 per cent. more water was 
evaporated from A than from B, and this 
in spite of the fact that evaporation from 
B took place by explosive ebullition and 
some particles of water were lost by me- 
chanical projection from the , crucible; 
whereas evaporation from A took place by 
a gentle simmering. If this serious check 
to evaporation was affected by an addition 
of light mineral oil of only nine-hun- 
dredths of 1 per cent. of the water in the 
vessel, it is hard to say what loss would 
be incurred by the deliberate addition of 
the large quantities of rank heavy stuff 
that is supposed to “help out.” 

While this experiment does not properly 
represent the conditions of actual steam 
practice under pressure, it certainly goes 
tc show that oil is not- desirable from an 
economical standpoint. To prevent the 

















































well, but in practice I have experienced 
difficulty by reason of the soda _ being 
more readily soluble in water than the sul 
phate of alumina, the result being a too 
ready admission of the soda, and the sul- 
phate of alumina (which is an acid salt 
and frequently contains free sulphuric 
acid) coming along afterward has the 
power of attacking the boiler plates and 
tubes, the result being that more hari 
than good is done. 

A very large number of experiments 
have been made in order to avoid serious 
consequences to the boiler, should ecithet 
chemical become consumed and the other 
chemical introduced to the boiler alone 
Of course, it is recognized that the boiler 
is not a vessel intended for chemical oper- 
ations. The results obtained showed that 
sulphate of zinc was the most suitable 
material to use in conjunction with car- 
bonate of soda, as the zinc salt if entering 
the boiler entirely alone would be quite 
innocuous so far as corrosive action 1s 
concerned. The reaction that takes place 
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between carbonate of soda and sulphate 
of zine is quick and positive and the re- 
sulting precipitate is easily filtered. 

It has been found that 0.5 per cent. by 
yolumme of a 2.7 per cent. solution uf zine 
sulphate and I per cent. by volume of a 1 
per cent. solution of carbonate of soda will 
effectually remove the oil from ordinary 
waters of a jet condenser. This is equal 
to 08 pound of carbonate of soda, worth 





FIG. I. 


ECCENTRIC TEE 


1.12 cents, and 1.11 pounds of zine sui 
phate, worth 2.96 cents or a total cost of 
4.06 cents for material for purifying 1000 
gallons of water. In most cases it will be 
found possible to halve the amount of zinc 
salt, reducing the cost to 3.14 cents per 
1000 gallons. It has been found better to 
make the solutions up weekly of the re- 
quired strength and volume and to draw 
from solutions by a triple pump, 
either belt- or steam-driven. The three 
discharges are passed through a mixing 
device and then on through a simple 
filter. 


these 


CONSTRUCTION OF THE PURIFICATION 
DEVICE 
The accompanying sketch illustrates the 
general lay-out. A tank 10 feet long 
by 4 feet wide and 7 feet deep is divided 
by two partitions into two compartments 
4x4 feet, and one compartment 2x4 feet, 
all 7 feet deep. The two larger com- 
partments are for holding the solutions of 
zinc sulphate and carbonate of soda and 
the smaller compartment receives the wa- 














ter to be purified. The pump 4 is pro- 

vided with a crosshead which carries three 

plungers. one of 4-inch diameter and 
——_______—__] 

FIG. 2, ECCENTRIC FLANGE 
louble-acting, and two of 08-inch diam- 
“er and single-acting; the main plunger 
‘atrel is connected by the pipe B with the 
tank C, and the two smaller plungers are 
fiped up to the outlets D and E with ver- 
ttal check-valves in each line for suction 
and discharge. Connections are made by 
atee to the end of the smaller barrels and 
the check valves mounted below and 
above t] 


tee for suction and discharge, 
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respectively. Ihe suction and discharge 
lines serving the smaller barrels are not 
shown, the large double-acting cylinder is 
provided with a regulation valve deck. 
The steam pump is controlled by a bal- 
ance valve F connected by a line passing 
over the freely working pulley G to the 
ball float H. The pump will deliver by 
each of the 0.8-inch single-acting plungers 
I per cent., by volume, of the amount de- 
livered by the large double-acting plunger, 
as follows: The area of the 08-inch 
plunger is 0.5026 inch, and this is single- 
acting. The area of the 4-inch plunger is 
25.133 inches, and this is double-acting; 
therefore, 


25.133 X 2 = 50.267 inches, 


and I per cent. of this is 0.5026, so it will 
be readily seen that the proportion of each 
chemical will be invariably 1 per cent. by 
volume of the water treated. 

The mixer J which receives the. dis- 
charge consists of a boiler-plate shell and 
a perforated casing. This casing is pro- 
vided with baffles of which the alternates 
are plain and the two intermediates are 
perforated. The annulus between the shell 
and casing is divided into three sections 
by rings immediately opposite the per- 
forated-casing baffles. The combined effect 
of these baffles is to cause the water to 
pursue a devious course (indicated by ar- 
rows), thus thoroughly mixing the chem- 
icals and producing the precipitate. 

The filter consists of a double row of 
cylindrical bags armored with wire cas- 
ings and fastened above and below to nip- 
pies; those on the lower end are projec- 
tions of the flanges J, K and L which pass 
through the tank bottom and are secured 
by bolts. The three-way cock renders it 
possible to clean one set of bags while the 
other is still in use and provides against 
failure of any of the bags. There are 
other filters that might be used to advan- 
tage and which occupy much less space, 
but this device gives good satisfaction. If 
it is desired to treat more water than is 
provided by drips and condensed exhaust, 
some arrangement must be made to regu- 
late the make-up feed, as it would not be 
economical to treat all the discharge from 
a jet condenser, since the amount of water 
would be enormously in excess of boiler- 
feed requirements. 

It has been found better to use fine 
wire-gauze cages suspended near the top 
of the water to contain the chemicals 
which are weighed into them, instead of 
the grids M N. Water being gaged into 
the tanks, solution takes place rapidly over 
night. The solutions should be agitated 
well before use, to insure uniformity; 
agitation may be accomplished with a 
small steam jet. 





When timber shrinks hangers will get 
loose, allowing belts to pull the shaft out 
of line. This can be prevented by driving 
in a small lag-screw at the heel or toe 
of the hanger. 
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Pipe Fittings 


By W. H. WAKEMAN 


In installations where a branch connec- 
tion is to be made from a_ horizontal 
steam pipe, an eccentric tee is very appro 
priate. If the water of condensation that 
is always found at the bottom of a large 


= 











FIG. 3. ECCENTRIC SLEEVE 

steam pipe is to be drained into the 
branch, use the tee in the position shown 
in Fig. 1. If for any reason it is desired 
to keep this water out of the branch pipe, 
turn the illustration “up-side down” and 
it will then show how the tee should be 
used. If a short flange connection is to 
be made, use the flange shown in Fig. 2 
If there is room for a longer connection 
use the fitting shown in Fig. 3. Both of 
these may be reversed if desired. 

Fig. 4 illustrates a flange frequently 
used on main steam pipes. The upper 
bolt is just long enough to go through the 
flange and give the nut a full thread. This 
is a very unsatisfactory flange because it 
is impossible to get a wrench on the nut 
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FIG. 4. POOR BOLT ARRANGEMENT 

to properly tighten it to hold the packing 
from blowing out. Becoming disgusted 
with this arrangement I had some wash- 
ers made by boring holes in a bar of 
wrought iron, and then sawing the bar 
off between the holes. This is not only 
cheaper than forging them, but it leaves 
them in better shape for use. By secur- 
ing a longer bolt and using the washer 
as shown at the bottom of the flange it 
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is possible to get a wrench on the nut 
and tighten it up properly. A certain 
flange joint in my plant that was put to- 
gether without the washers could never 


























ANCHOR BRACKET 


FIG. 5. 


be made satisfactory in service, but with 
longer bolts and washers it has given no 
farther trouble. 

When a flange joint that has been in 
service for one or more years begins to 
leak, the bolts ought to be taken out sep- 
arately, well oiled, put in a vise and the 
nut screwed down farther than it will 
ever have to go on the flange, and then 
put back into place. It is not enough to 
put the wrench on each nut and make a 
feeble effort to turn it, as it may be cor- 
roded in place so firmly that the effort 
made is not sufficient to overcome the 
friction, hence the flange is not clamped 
together any better than it was before, 
especially if the nut was hexagon when 
new but has become nearly round, owing 
to previous attempts to turn it, causing 
the wrench to slip off before effective 
purchase is brought to bear on the nut. 
On this account it is much better to use 
square nuts wherever they can be turned, 
as the wrench is not so liable to fail, and 
the corners will last longer, giving more 
satisfactory results. 


SUPPORTING STEAM PIPES 
Steam pipes of medium size, say from 
6 to 10 inches in diameter, are not always 
properly supported. In every such line 
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there is one place that can be made sta- 
tionary, and Fig. 5 illustrates a heavy 
bracket that is suitable for such a place. 
It is securely bolted to a stout wall, with 
a large washer on the other end of each 
bolt. The pipe rests on a cast-iron saddle 
and is held in place by a stout iron rod 
with a nut fitted on each end, which 
is bent to fit the pipe, put in place and 
the nuts screwed up tightly, thus holding 
the pipe stationary at this point. 

As such a pipe will lengthen when steam 
is turned into it, provision must be made 
for this expansion, also for the contrac 
tion that will take place when the pipe 
is cooled again. Fig. 6 illustrates a brack 
et designed for this purpose, as it carries 
two vertical, adjustable posts which sup 
port a horizontal roller. Two defects 
are commonly found in this device which 
should be eliminated. The rod which car- 
ries the roller is made too light, and the 
distance between its supports is too great, 
therefore the rod bends, binds on the 
roller and prevents it from turning. The 
pipe may slide in its bearing, but that is 
not good practice, as the friction may 
be sufficient to cause it to buckle and 
make the joints leak. There is also dan- 
ger of wrenching the bracket from its 
fastenings. The roller above the pipe is 
held in place by a rod that is guided and 
held down at each end as shown. If 
there was a heavy load on this rod, it 
would soon be bent and rendered useless 
for the purpose intended, because the 
guiding posts at each end are too far 
away from the roller. The heavy spring 
under each nut allows a_ reasonable 
amount of upward movement (provided 
there is enough force exerted to compress 
the spring) but they will not allow the 
pipe to come out of its supporting roller. 


SoME INTERESTING FEATURES 
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tep, passing through the valves B and 
also the check-valve D, and the gl ‘e 
It then enters the water-arch 
absorbs heat from 


valve E. 


where it the fire as 

















FIG. 6. BRACKET ALLOWING PIPE EXPANSION 
it circulates through several pipes com- 
posing this device. It then passes through 
the check-valve F and the angle valve G 
after which it enters the front head and 
is discharged at the rear end. In case 
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Fig. 7 illustrates a steam-boiler feed- of accident to the water-arch, the valve 4 
a cama ————— = 
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FIG. 7. PIPING OF WATER-ARCH OF A BOILER 
water pipe which contains interesting fea- is opened and valve B closed, causit 


tures. In ordinary service the valve A 
is closed. Water is.pumped into the bot- 
tom of the heater and comes out at the 


water to flow through A and the check 
valve H, also the angle valve G into ti 
boiler as before. The check-valve F prt 
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yes water from going into the disabled 
watcr-arch, provided it is in good order, 
but it may not be fit to use when it is 
d most, therefore, an angle valve 


nec 

should have been put in where the ell 
J is shown. A check-valve does good 
work when water is pumped through 


it in ordinary service by preventing its 
return, but it should not be depended on 
for a permanent shut-off device. 

\Vhenever an extra appliance, as for il- 
justration the water-arch in this case, is 
installed, care should be taken to provide 
a way to cut it out and run the plant 
without it, so that if it fails to work, the 
entire plant will not be shut down on 
account of trying an experiment. This 
idea applies not only to new and untried 
devices, but to those that have proved 
successful in other plants, with equal 
force. 

Progressive engineers who have not had 
all the experience they desire are fre- 
quently considering plans for absorbing 
waste heat by the feed-water. It may 
take the form of a coil of pipe in the 
stack, or in the combustion chamber, a 
mud-drum to form part of the bridge- 
wall, a series of pipes on the sides of the 
furnace, or a water-arch to replace the 
arch plate. All of these devices work 
well so long as the feed-pump is forcing 
water through them, but more than one 
has proved a failure when the pump was 
shut down because no provision had been 
made for maintaining the circulation of 
water through it under this condition, 
hence the great heat to which it was sub- 
jected soon ruined it. 

In this case the branch pipe K, in which 
is located the check-valve L, is provided 
for this purpose, but it should be remem- 
bered that L must open outward, which is 
contrary to the arrangement of an ordi- 
nary feed-pipe. While water is passing 
through D and E the pressure keeps L 
closed, but it is not needed then. When 
the flow of water into the boiler ceases, 
pressure is equalized, except the differ- 
ence due to weight of water, but this is 
sufficient to open L and let water come 
down into the arch to replace what is 
evaporated by the heat. 

In a certain case the engineer did not 
consider this arrangement of pipes, valves 
and fittings necessary, hence he prevent- 
ed L from opening for a time, but was 
glad to remove the obstruction at the first 
Opportunity to save the water-arch from 
burning out. 

Another important feature of every de 
vice for utilizing waste heat is the blow- 
off valve, because the high temperature at- 
tained by the feed-water causes more or 
less of the foreign matter in it to settle 
‘0 the lowest point, and unless provision 
'smade for removing it, enough trouble 
will result to balance the gain derived 
‘rom heating the water. A valve for this 

Purpose is shown at M and it ought to 
be used every day. 
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Technical Aspects of Oil—IX 





By F. E. Junce 


DEFECTS OF COMBUSTION IN DIESEL 
ENGINES 

In a preceding article of this series 
(Power, January, 1908, Figs. 31 and 32), 
diagrams were reproduced showing the 
heat-consumption curves of a 200-horse- 
power Otto gas engine and of a 200- 
horse-power Diesel oil engine. Accord- 
ing to the amount of air which is theoret- 
ically required to support combustion of 
the liquid fuels in question, the upper 
limit of heat influx in the latter type is 
apt to be somewhere in the neighbor- 
hood of 600 calories per cubic meter 
(67.2 B.t.u. per cubic foot). Both the Otto 
engine, when equipped with quality gov- 
erning, and the Diesel engine embody the 
characteristic feature of weakening the 
mixture with loads decreasing from full 
to nothing by reducing the quantity of 
fuel injected, while the supporting air re- 
mains a constant amount. 

According to the theoretical efficiency 
curve, as well as owing to the fact that 
the range of expansion of the gases in- 
creases with decreasing load, the favor- 
able effect of weakening the mixture 
should make itself felt more markedly 
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FIG. 52 


than is apparent from the consumption 
figures cited. It may therefore be of in- 
terest to consider the causes which tend 
to spoil the good features of the Diesel 
combustion process. 

Generally speaking, the introduction of 
a, stream of oil by means of air at 
high pressure through a nozzle causes a 






retardation of inflammation, first on ac- 
count of the excessive speed of flow of 
the fuel molecules, which is greater than 
is the rate of propagation of combus- 
tion proper, secondly, because of lack of 
sufficient oxygen in contact with 
to support combustion, 
and as a result, owing to the absence of 


direct 


these molecules 
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suificiently high temperatures, to provoke 
ignition; it being remembered that the 
oil-and-air spray is cold when injected 
and needs heating either by the hot com- 
pression air or by the walls of the com- 
bustion chamber, in order to ignite. It is 
only after the oil spray has been rejected 
from the comparatively cool piston head, 
being distributed throughout the space, 
that heat influx into it actually begins. 
See Fig. 52. It is primarily for this reason 
that E. Capitaine recommends the adop- 
tion of several nozzles located opposite 
to each other, which arrangement for a 
given time and pressure will quicken the 
mixing of the charge constituents, at 
the same time preventing the direct con- 
tact of the oil spray with the cool cylinder 
walls and thereby advancing the heat in- 
flux to an earlier part of the stroke. If, 
in addition to this feature, the spraying 
air is preheated, for instance by exhaust 
gases, to about 250 or 300 degrees Centi- 
grade when entering the combustion 
chamber, it becomes possible thereby to 
reduce the amount of air required for 
injecting and spraying the oil, and hence 
to increase the useful output of the en- 
gine considerably. Obviously, with this 
method, there will be less after-burning 
which means reduced heat loss to the 
cylinder walls and therefore a possibility 
to use higher speeds, which is an im- 
portant point for submarine and other 
boat engines. For engines beyond a cer- 
tain size it will anyhow be essential to 
employ several nozzles in order to secure 
perfect mixture and rapid inflammation. 
See Fig. 53. 


EFFICIENCY OF REGULATION, DIESEL 

veRsUuS Otro CycLe 

Other drawbacks of the Diesel mode of 
fuel injection, having to do with the com- 
paratively unfavorable course of the con- 
sumption curve at lower loads, are enu- 
merated by Mees, as follows: 

1. “With decreasing load a point is 
reached at which, owing to the slow prop- 
agation of combustion, which is due to 
the reduced fuel injection and weaker 
mixture, and owing to the lower initial 
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temperature and therefore the tempera- 
ture of compression, combustion does not 
occur as early nor proceed as rapidly as 
is essential for the attainment of high 
heat efficiency. Whence the steep falling 
off of the combustion lines on Diesel 
cards, which corresponds just as much 
to a decrease in thermal efficiency as 
does the after-burning in an Otto-type 
engine. 

2. “The indicated work of the com- 
pressor, which at full load constitutes 
only a small fraction of the indicated 
output of the engine, is likely at lower 
loads to form a considerable percentage 
of the total indicated capacity. Includ- 
ing the friction work consumed by the air 
pump this compressor work might con- 
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Otto engines these influences are partly 
not present at all and partly they are less 
harmful, whence it is obvious that in 
this type the heat efficiency, or consump- 
tion, must remain constant within quite 
as wide limits as in the Diesel engine. 
In the latter the influence of temperatures 
on the theoretical efficiency as well as on 
the economic efficiency is also less felt 
than it is in engines of the explosive 
type. Fig. 54 gives the temperature dia- 
grams of the two types, assuming equal 
theoretical efficiency at 400 calories per 
cubic meter or 44.8 B.t.u. per cubic foot 
heat influx. The comparison teaches (ow- 
ing to the combustion taking place at con- 
stant pressure and owing to the fact that 
a considerable portion of the added heat 
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sume from 10 to I5 per cent. or more, 
of the indicated no-load work of the 
engine. 

3. “The influence of engine friction 
must become more preponderating at de- 
creasing load with Diesel engines than 
with an engine of the Otto type [governed 
by throttling] since in the latter the com- 
pression and expansion pressures are low- 
ered together with the lower loads, 
whereas, in Diesel engines the compres- 
sion pressure remains approximately un- 
changed for all loads, while the expan- 
sion pressures, compared to explosive en- 
gines, decrease inconsiderably.” 

All these facts combined are the cause 
of the fact that the thermal efficiency at 
lower loads is not better than it is. In 
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is transformed into indicated work dur- 
ing the influx) that the combustion tem- 
peratures of the Diesel cycle are much 
lower than those of the Otto cycle, re- 
gardless of the higher temperatures of 
compression employed. This has a favor- 
able influence on the thermal efficiency. 
Moreover, the high temperatures prevail 
during a much shorter period, so that the 
cooling influence of the walls is felt to a 
less harmful degree. This is an advantage 
of the Diesel engine which contributes 
not a little to its high heat efficiency. 
The tendency, previously referred to, 
toward an increase of efficiency at 
lowering loads, which means at lower- 
ing temperatures, is naturally diminished 
thereby. . 
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Finding the Average Pressure from 
Round- pattern Pressure-re- 
cording Gage Charts 





By A. V. YouENs 





In connection with the use of stean 
compressed air, water and electricity, ci: 
cular recording gages are often foun 
While this article was prompted throug 
the writer’s practice with pressure gag¢ 
it is obviously applicable to similar gag: 
registering amperes, volts, watts, 
perature, etc. 

The average value for twenty-fou 
hours, or any specified period, is often d 
sired. In testing and power determin: 
tions, such as the measurements for 
pounds of steam by a St. John’s steam 
meter, for instance, or cubic feet of fre 
air by a gas meter, it is necessary to know 
the average flow during the period of 
test. The accuracy of the determination is 
directly affected by the correctness of the 
average pressure taken from the pressur\ 
recording chart. In general we can es 
pect these charts to be more or less irreg 
ular in outline and very often extremely 
so. A common method of ascertaining 
the average pressure might be to sum up 
several values throughout the period un- 
der consideration and divide by the num- 
ber of values taken. The greater the 
number of values averaged the nearer 
correct would be the average pressure so 
obtained, so that we would need to con- 
sider an infinite number to get complete 
accuracy. This same approximate method 
is often used in determining the mean 
effective pressure from steam-engine indi- 
cator diagrams, while integrating the area 
of the diagram by the use of a planim- 
eter and dividing the result by the length 
of the diagram is a most handy and ac- 
curate method. A planimeter method is now 
suggested for ascertaining the average 
pressure from a given pressure-recording 
chart. 

Referring to chart No. 1 (Fig. 
which covers a twenty-four hour period, 
we proceed by first determining the area 
in square inches bounded by the completed 
path of the tracing pointer. This area is 
found to be 17.10 square inches.* Now 
equating this value to xr’ and solving for 
r, we have: 


ten 


‘OF 


7.16 = 22", 


where 


r= oe = 2.33 inches. 


Finally, measuring the distance 2.33 inches 
radially from the center of the chart, we 
find the pressure to be 88 pounds. This 
is the desired average value for. the 
twenty-four-hour period. 





*The diagram is reproduced on a reduced 
scale. 
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A little study will convince the reader 
.s to the correctness of this method and 
ts particular usefulness where accuracy 
s involved. ; 

The application of the planimeter 
nethod to periods less than twenty-four 
ours was not evident when at first at- 
tempted. Provided the pressures at the 
start and finish of any period are the 
ime, as in case I, chart No. 2 (Fig. 2), 
then the area bounded by the path of the 
tracer and the two radii drawn to the 
extremities of the path could be equated 
s follows: 


2= — 6 n yr? — art 
an ~ = 


— jimes 2.35 inches ; 


which gives the average pressure as 90 
pounds. Unless the pressures at the start 
and finish were the same, the angle sub- 
‘ended by the pressure path would not 





be the same as that between the two radii. 
Furthermore, there might be a period, 
as case II, chart No. 2 (Fig. 2), where 
there would be a loop in tracing the area 
with the planimeter. The area within the 
loop would be subtracted or added accord- 
ing to the direction in which the loop 
was followed with respect to the main 
are In either case there would be an 
error. This possible instance, combined 
with the fact that in an irregular pres- 
sure period we would seldom find the 
start and finish pressures alike, over- 
throws the idea of using radii drawn to 
the extremities of the pressure line. 
case III, chart No. 2 (Fig. 2), we 
lave a solution that meets all the above 
difficulties. Here the period in question 
is bounded by the pressure line, two 
irved paths of the tracing point (par- 
allel to the reference lines on the chart, 


POWER 


due to the starting up and shutting down 
of the gage action) and two radii drawn 
so as to close the figure. The equation is: 


tar = 6.75 mr? 
24 
oe 6.17 X 24 _ PO ae 
eri as oe inches ; 


which corresponds to 106 pounds average 
pressure. If desired it would be equally 
correct to close the figure by longer radii, 
as shown by the dotted lines. The limit- 
ing condition would be that the angle 
within the radii must be the same as that 
subtended by the pressure path. There- 
fore, the radii must be the same length. 





Troubles and Pointers in Ele ctri- 
cal Work 


By H. A. JAHNKE 


Every engineer has his own list of 
troubles, whether he has charge of a large 





or small plant, and the causes of some of 
these troubles seemed, at the time they 
occurred, almost baffling; but after the 
cause has been found and the proper 
remedy applied, it is usually found to be 
very simple. 

At. one time I started up a new 25- 
kilowatt, 250-volt, direct-current, _ belt- 
driven dynamo. After it was up to speed, 
the voltmeter did not show the proper 
voltage. In looking for the cause it was 
found that the cover on the voltmeter was 
too close to the meter needle and pre- 
vented it from moving freely. After a 
liner of paper was put between the cover 
and the meter case, the voltmeter indi- 
cated the dynamo voltage accurately. 

I have found cases where dynamos 
would refuse to “pick up” when started 
up in the morning, although they had done 
so the day before without any trouble. 


331 


Thorough examination of every part of 
the dynamo and_ switchboard finally 
showed that there was too much commu- 
tator compound on the faces of the 
brushes. After the brushes were cleaned, 
the dynamo built up the voltage without 
further trouble. Commutator compound 
or lubricant of any kind should be used 
very sparingly; if too much is used it 
forms a high-resistance coating on the 
commutator or the brush-faces. 

In another case, a large direct-con- 
nected generator which was used for 
lighting a building, refused one morning 
to build up the voltage, although it had 
done so the day before. After examining 
every part of the machine and everything 
relating to it that was within reach, the 
expedient was tried of running substitute 
leads from the generator to the switch- 
board, the regular leads being located 
out of reach under the floor (of cement). 
The old leads were disconnected from 
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the generator and switchboard and the 
substitute leads run on top of the floor; 
when the generator was started it built 
up the voltage without any trouble, show- 
ing that the trouble lay in the leads. 
This experience indicates the inadvisabil- 
ity of laying wires from a generator to a 
switchboard under a floor in such a way 
that they cannot be taken out. In such 
cases, especially where a cement floor is 
provided in the dynamo or engine room, 
pipes should be laid from the dynamo to 
the switchboard large enough for the 
wires to be pulled out and in easily. 

New carbon brushes make considerable 
noise at first, provoking the application of 
too much commutator compound or oil. 
The proper remedy is to apply a little 
dynamo oil to the commutator with a rag 
when first starting up, and then to wipe 
the commutator clean. 
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Practical Letters from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





WE 


Practical Suggestions anent 
Cow-power 





I have read with more than ordinary 
interest the letter entitled “Cow-power 
and Horse-power” which appeared on 
page 264 of the February 18 number. The 
method of harnessing the power developed 
by cows in switching their tails, suggested 
by Ananias R. Guessit, will undoubtedly 
revolutionize isolated power-plant practice 
in the rural districts. It seems strange 
that in this age of enlightenment we have 
gone on heedlessly burning up our coal 
resources, when hundreds of thousands of 
domestic cows have been flicking away 
innumerable cow-power with their need- 
lessly ponderous tails. It is with no in- 
tention of belittling Mr. Guessit’s praise- 
worthy inventions that I beg to offer a 
few criticisms and suggestions. 

First, it is necessary to distinguish be- 
tween the different types of cows now on 
the market, with particular reference to 
the kinematic action of their caudal ap- 
pendages. We have the single-acting 
cow, whose efforts are confined to inter- 
mittent flicks at a single flank. This type 
ais obviously inefficient, since the energy 
of each return stroke is entirely wasted 
before the beginning of the next forward 
stroke. The most common type is the 
two-cycle cow, operating alternately on 
one flank and on the other. A few dou- 
ble-acting two-cycle cows have been of- 
fered, in which the animal’s head oper- 
cates in coordination with its tail. 

In all these types, we have a variable 
frequency of oscillation, which may be 
expressed by the formula: 

Fo =f, k, 
where 

fe. = Frequency, or number of wags 
per second, 

f= Number of flies simultaneously in 
action, 

r = Exponent depending on size and in- 
dividual characteristics of flies, 

& = Constant depending on atmospheric 
conditions. 

Since r and k vary largely with the 
time of day, we may expect an increasing 
walue of Fw as the sun approaches the 
meridian, the maximum being attained 
about noon, after which a corresponding 
decrease will occur. Here we find one of 
the greatest obstacles to the plan outlined 
by Mr. Guessit. During the period prior 
ito noon the storage batteries are being 
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charged, and it is quite reasonable to ex- 
pect that the increasing counter e. m. f. 
of the batteries will be overcome by the 
increasing value of fw. During the pe- 
riod following the noon hour, the relative- 
ly high e. m. f. of the charged storage 
batteries will doubtless overcome the de- 
creasing value of Fw, the generator will 
operate as a motor and we shall be con- 
fronted by the serious difficulty of the 
tail wagging the cow. 

I would suggest the elimination of di- 
rect-current apparatus and the substitution 
of small alternators. It would seem that 
if the exciters f could be regulated, a more 
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Solution of Problem in Generator 
Connections 


The accompanying diagram shows the 
arrangement of switches and connections 
used in solving the problem presented in 
the January number. The figures 1 and 2 
indicate the two compound-wound gen- 
erators, the letters A, B, C and D 
indicate single-pole double-throw knife 
switches and E a single-pole single-throw 
knife switch. The rheostats are repre- 
sented at R, and X, Y and Z represent the 
bus-bars. 
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MR. LINCOLN’S SOLUTION OF PROBLEM IN GENERATOR CONNECTION 


or less constant frequency might be main- 
tained. Field regulation will also be im- 
portant, since the units may get out of 
step, if the field is too large and the fences 
poor. 

In spite of the obstacles yet to be over- 
come, we may soon witness the imposing 
spectacle of Deacon Jones synchronizing 
his herd of Jerseys before breakfast. We 
can fairly hear him shouting to his son 
Ezra: “Speed up Buttercup! All right, 
throw in Daisy! Ease up on Betsey, she’s 
taking all the load!” And the Bovine 
Consolidated Light and Power Company 
is in full operation. 

G. R. Parker. 

Schenectady, N. Y. 





1. To connect machine No. 1 to the 
bus-bars X and Y switch 4 is closed in 
its right-hand position and switch D in 
the same position to make the field con- 
nection, which is “short-shunt.” To con- 
nect machine No. 2 to the bus-bars 
and Y the switch B is closed in the right- 
hand position, and the switch E closed to 
give the field connection, which is “long 
shunt.” 

2. To operate both machines in parallel 
the switches A, B, C and D are closed in 
their right-hand positions, and the switch 
E closed. The equalizer connection is 
made through the switch C. 

3. To operate the two machines on the 
two sides of a three-wire system ihe 
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switches A, B, C and D are closed in 
their left-hand positions and switch E is 
opened. The connection between the gen- 
erator armatures is made by the switches 
{ and B, the neutral tapping in between. 
By closing the switch C to the left, the 
rheostat of machine No. 2 is cut out and 
the field connection made “short-shunt.” 
When the switch D is closed in its left- 
hand position, the series connection be- 
tween the field windings of both machines 
is made, leaving the rheostat of generator 
No, 1 to regulate the flow of current 
through both windings. 

4. To operate machine No. 2 with its 
rheostat cut out, the switch C is closed in 
its left-hand position and the switch E 
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bus-bars X and Y by closing the switch 
B to the right, and connected to the bus- 
bars X and Z when closed to the left. 

6. By making the connections explained 
under 5 the two machines can be operated 
independently. Machine No. 1 will supply 
bus-bars X and Y when the switch A is 
closed to the right, and at the same time 
machine No, 2 Xx 
and Z when the switch B is closed to the 
left. The bus-bar X will then be a com- 
men return for both machines and will 
By the proper 


will supply bus-bars 


keep its regular polarity. 
manipulation of the switches A and B, 
machine No. 1 can be made to supply 
bus-bars Y and Z, while machine No. 
will supply X and Y. In both the above 
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MR. KILROY’S SOLUTION OF PROBLEM IN GENERATOR CONNECTION 


tween the field winding and armature. 
When the switch C is closed in its left- 
hand position, all the resistance contained 
in the rheostat of generator No. 2 is cut 
in, in order not to disturb the current 
lowing through the series winding of the 
machine. 

5. From the diagram of connections it 
will be seen that the outside bus-bars will 
always have the same polarity. To con- 
nect machine No. 1 to the two outside 
bus-bars X and Y the switch A is closed 
in its right-hand position; when it is in 
its left-hand position the machine is con- 
nected to the bus-bars Y and Z, deliver- 
ing its output to one side of the system. 
Machine No. 2 can be connected to the 


=e 





hand position and E is turned “on.” 
7. By turning off all switches the con- 
nections between the generator and bus- 
bars are broken. 
. E. S. LINcoLn. 


Boston, Mass. 


The accompanying diagram shows one 
way to solve the problem in generator 
connections offered by E. S. Lincoln in 
the January 28 number. The combina- 
tions are as follows: 

1. To put machine No. 1 on the bus- 
bars, close the field-discharge and main 
switches in the upper positions, the equal- 
izer switch and the main switch of ma- 
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Machine No. 2 
can be connected in the same way. 

2. To the machines in 
parallel, close the field and main switches 
in the upper the 
switch having been closed first. 


chine No. 2 being open. 


operate two 


positions, equalizer 

3. To operate on the three-wire plan, 
close the field and main switches in the 
lower positions, leaving the equalizer 
switch open. 

4. 
with its rheostat cut out, by turning the 
handle of its rheostat so as to cut out all 


of the resistance. 


One machine may be operated alone 


5. By closing the field switch in the 
upper position and leaving the equalizer 
switch open, either machine may be con 
nected to the main bus-bars by closing its 
main switch upward, or to one main and 
the neutral by closing 
downward. 

6. With the field switch in the upper 
position, machine No. 1 may be operated 
on the main bus-bars and machine No. 2 
on the neutral and negative; or No. 2 


its main switch 


may be operated on the main bus-bars 
and No. 1 on the positive and neutral. 
The equalizer switch must be left open. 

7. The machines may be entirely dis- 
connected from each other and from the 
bus-bars by opening all switches. 

This the addi- 
tional field switch, but if the field circuits 
are to be opened by. any other arrange- 
ment of connection which would cause the 
fields to “kick” into an open circuit, the 
field switch is advisable. 


arrangement requires 


KILROY. 


5. E. 
McKeesport, Penn. 





Chance for an Air Chamber on 
the Suction 


A large, compound duplex elevator 
pump in an office building got to pound- 
ing so hard that the watchman’s slumbers 
were greatly disturbed, and during the 
day, when traffic was heavy, the noise 
could be heard up on the tenth floor. The 
pump was and upon examination 
everything seemed to be in first-class con- 
dition. We shut it down by closing the 
10-inch gate suction valve, then started 
up again by opening the suction valve four 
turns. The knock was not as bad then. 
I gave the suction valve one more turn to- 
ward the open, and the knock was as bad 
as ever; then I closed it two turns and 
there was no noise at all. 

The trouble was caused by the discharge 
tank being 8 feet higher than the pump, 
and the water rushed in with great force. 
When the pump had to work for the wa- 
ter, however, the noise disappeared, as the 
vacuum would not let the piston-head hit 
at the end of the stroke. 


new 


UNcLE JACK. 
St. Louis, Mo. 
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A Combined Resistance Ca'cu- 


lator 





In the September number of Power, F. 
H. Neely showed how the continued resist- 
ances of a number of electrical circuits 
could be determined by a series of 
graphic constructions. The process de- 
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which will be always available, and which 
requires no drawing of lines, all that is 
necessary is to draw a diagonal across 
a sheet of squared paper, as OA in the 
accompanying diagram. Figuring the di- 
vision lines as shown, it is only necessary 
to connect any two resistances, as 50 and 
64, with a temporary pencil line or a ruler 
and read from the point of intersection 
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I I I I 
R- 64 + 50 ° 37 
we join 64 to 50, obtaining the point d; 
following this vertically downward to e 
and then joining the latter point to 37, we 
find O A is cut in f, giving R= 16 as the 
result required. 
The reciprocals of any values on OD 
and OC can be combined in this way. 
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scribed is a simple one, but as it involves 
the scaling off of values and the drawing 
of intersecting lines, I venture to submit 
a still more simple method which I have 


devised for solving the equation 
I 
ihe I I I 7 
a he a 








To make a calculator for this purpose, 


A COMBINED ELECTRICAL-RESISTANCE CALCULATOR 


with the diagonal line O A the result ed; 
its value is given on the vertical scale. 
Similarly, for the combined resistance of 
two resistances having values of 68 and 
94 ohms, respectively, it will be found that 
the line gh connecting these values gives 
39.5 ohms as the result. Of course the 
process can be extended to include any 
number of resistances. Thus for the 
value of R in ° 


For higher values, rising to, say, 200 on 
one scale, I adopt thé following plan to 
avoid extending the chart. Draw a line 
from O to B, the center of the line C 4. 
Double the readings of O D and read the 
results on OB instead of on OA. 

Thus for 68 and 188 ohms, join 68 on 


OC to = =94 0n OD. This line gh 


cuts OB at a point which shows the 
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equivalent combined resistance to be 50 
ohms. Of course the point B can be 
located at any convenient sub-multiple of 
C A, provided the reading of the bottom 
scale is correspondingly multiplied. Thus 
if CB=%CA, the values on OD will 
read from 0 to 400. 

It will be understood that no lines 
other than OA need be drawn on the 
chart. A straight-edge or a straight strip 
of paper answers all ordinary require- 
ments. If much work of this kind is to 
be done, a piece of transparent celluloid 
with a fine line scratched on its under 
surface gives a finer reading but with a 
straight-edge the combination of a series 
of resistances is most readily effected. 
Thus, placing the straight-edge to join 
64 and 50, the point d is located with a 
sharp pencil point or scriber. Without 
reading this value, the straight-edge is 
swung around this point until it is parallel 
to the nearest vertical division line, the 
pointer is transferred to e, the straight- 
edge swung around until it meets, say, 37 
on OC and the final result is read at f. 

It is scarcely necessary to remark that 
by taking the value of any resultant re- 
sistance on OA, any line through this 
value that will cut the scales will give a 
pair of component resistances. 

M. ELtston. 
Manchester, Eng. 





Some Dynamo and Motor Trou- 


bles and Their Remedies 





Last summer a 100-kilowatt, belt-driven, 
direct-current dynamo was installed in 
the plant I have charge of. After the 
machine had been in operation for about 
eight or ten hours on half load some of 
the brushes began to spark badly, and 
changing the position of the brushes did 
not stop the trouble. 

On examining the faces of the brushes 
I found they were covered with copper 
due to cutting of the commutator. The 
dynamo was stopped and the copper 
cleaned from the face of the brushes. The 
commutator then received a good sand- 
papering and the brushes replaced. When 
the machine was started again, no spark- 
ing occurred with the load on, but in a 
few hours the same trouble reappeared, 
and the faces of the brushes were covered 
with copper as before. The tension on 
the brushes appeared to be about right 
and a little oil was applied to the com- 
mutator to prevent cutting. 

Another set of brushes were tried, but 
with no better result. It was necessary 
to clean the copper from the face of the 
brushes every morning in order to keep 
the machine running ten or twelve hours 
without shutting down. We then came to 
the conclusion that the copper in the com- 
mutator must be very soft and decided to 
try graphite brushes, which we did, and 
had no more trouble. 
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On this same dynamo one of the bear- 
ings gave trouble from leaking oil and 
the armature was getting badly soaked. 
Upon examination we found that oil came 
out at the end of the bearing at the cap 
joint, due to the suction formed by the 
armature when running. By putting a 
piece of fuse wire under the cap and 
screwing down tight on the cap nuts the 
trouble was removed. 

A 35-horse-power motor driving a line 
shaft sparked badly for half an hour or 
sO mornings when starting, and changing 
the position of the brushes was useless. 
What puzzled us was the fact that it only 
sparked mornings, while during the rest 
of the day’s run no trouble was experi- 
enced. One morning I concluded to start 
the motor myself, but before doing so I 
examined the commutator and brushes 
and discovered that the commutator was 
wet, likewise the brushes. The commu- 
tators and brushes were wiped dry and 
when the motor was started very little 
sparking occurred, and that only for a 
short time. The motor room was damp 
and during the night when the motor was 
stopped the commutator and brushes be- 
came wet. Covering them with canvas 
during the night prevented farther spark- 
ing of the motor. 

This same motor refused to start one 
morning when the handle on the starting- 
box was moved to its working position 
and the circuit-breaker continually flew 
out. In trying to turn the motor by 
hand we found it required two men pull- 
ing on the motor belt to move it. The 
trouble was due to a belt which had been 
tightened up the night before, causing un- 
due friction in the motor and shaft bear- 
ings which, of course, required more cur- 
rent to start. Loosening the belt removed 
the cause of the trouble. 

Another case was that of a 30-horse- 
power motor connected to the hoist of a 
derrick by means of gearing. One day 
this motor gave trouble by throwing the 
circuit-breaker out when the load was put 
on the motor. An investigation disclosed 
the fact that the operator had tightened 
the bearing caps on the hoisting gear; 
adjusting the caps farther 
trouble. 

Still another motor blew out the fuse 
when starting mornings during cold 
weather. I concluded that the oil in the 
bearings was the cause of this trouble. 
The bearings were of the ring-oiling type, 
and the oil getting stiff during the night, 
the motor required an excessive amount 
of current to start. I put a little kerosene 
in the bearings and turned the motor 
over by hand in order to mix the oil and 
kerosene. When the motor was started 
again no fuse was blown out, nor there- 
after, which showed that thick oil caused 
the trouble. 


prevented 


H. A. JAHNKE. 


Milwaukee, Wis. 
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Burning Ash in the New York 
Schools 


In the circular issued by the Depart- 
ment of. Education of New York, and 
published in the January 7 number, re 
lating to the combustion (?) of a chem- 
ical solution sprinkled on ashes, I no 
ticed one section that is so sensible it 
seems strangely out of place. It is en- 
titled “Special Note,” and it states that 
“such records will be taken into consid 
eration when promotions are being made.” 
Well, they should be, for any man or 
woman (I notice the circular is addressed 
“Dear Sir or Madam’’) 
25 to 70 per cent. of fuel cost by burn 
ing (?) that mixture, should receive a 
pension. The idea of rewarding the men 
who assist in generating and using steam 
economically is not new 
and more it 
source of considerable revenue, not only 
to the men but to employers. And this 
leads up to a discussion of what makes 
a good fireman. 

I “dropped into” the 
a large factory a few days ago and found 
the engineer busily engaged tending the 
fires. As he did not look up I called out, 
“Hullo, Bill, another fireman quit?” 
“Naw,” he answered, “the coal bill was 
so high last month that the boss says 
I’d better do the firing myself, if I want 
to hold my job. You don’t know where 
I can get a good fireman, do you?” 

I told him I did not, and we had quite 
a talk as to why good firemen are so 
scarce. 

A good fireman must have, first of all, 
a fair amount of intelligence; secondly, 
he must be ambitious; and, thirdly, he 
must feel that his efforts are appreciated. 
It is not a hard matter to find men who 
possess the first two qualities, and of 
course employers intend to appreciate the 
efforts of such men. Therefore, why are 
good firemen so scarce? The reason is 
this: The fireman who is intelligent and 
ambitious does not, under the present 
condition of service, remain a fireman. 
His ambition leads him to look for some- 
thing better, his intelligence paves the 
way, and his services as a fireman not 
being appreciated in dollars and cents, 
he passes out to take charge of a small 
plant; perhaps at the same wage, but he 
is now an engineer and for the time be- 
ing his ambition is satisfied. 

Now the question arises: How 
this be remedied? No argument is ne- 
cessary to illustrate the fact that the boii- 
er room is the one place in the well 
regulated steam plant where the losses 
are considerable when, apparently, every 
thing is being conducted on a “hard-pan” 
basis; and if operated by incompetent 
firemen, the losses are greatly magnified. 
The engineer receives all the credit 
from the employer for any decrease in 
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the monthly fuel bill, but the fireman 
must take all the censure for any in- 
crease that to the employer or engineer 
is unexplainable. 

If a premium, say a percentage of the 
saving effected, were offered to the men 
operating a steam plant, in addition to 
good wages and decent working hours, 
the result would be surprising. 
cos: 


Boston, Mass. 





A ‘Revised Ignition System 





In a recent experience with an English 
gas engine of 150 horse-power, equipped 
with an oscillating magneto, it was al- 
ways a question as to what was taking 
place at the inner end of the spark plug. 
The method of ignition used by the 
builders is indicated by the accompany- 
ing diagram. A cam on the valve shaft 
A, by means of a connecting rod B, lifts 
a hammer-like attachment on the mag- 
neto-armature shaft. When this connect- 
ing-rod is dropped by the cam the arma- 
ture is caused to vibrate by the spring 
C and at the same time the hammer hits 
the dog on the end of the spindle in the 
spark plug and rocks the movable elec- 
trode out of contact with the stationary 
one and theréby produces the spark. With 
this arrangement there is no visual means 
of telling whether the spark is actually 
produced or not. 

No short-circuit would show, and only 
when a shut-down would result would we 
be able to locate the trouble, and gener- 
ally we found it in the magneto. 

As we had a short shaft that was 
driven independently and was always go- 
ing before the engine was started up, 
we put a pulley on that shaft and drove 
a 5-ampere 110-volt generator from it. 
The current from this generator we led 
through a “spark” coil which we built 
ourselves. This coil had for a core 
a number of strips of No. 24 strap-iron, 
1 inch wide and 16 inches long, each strip 
insulated from the other by paper; when 
finished the core measured 1 inch square 
and 16 inches long. About this we wound 
five pounds No. 19 cotton-covered wire 
in insulated layers. This coil gave us 
a “fat” inductive spark. We also con- 
nected in the circuit a bank of 16 candle- 
power incandescent lamps, in order to 
control the amount of current passing; 
the lamps were connected in parallel, and 
the more lamps we used the larger spark 
we obtained upon breaking the circu't. 
A knife switch was included in each 
of the circuits, so either the magneto, or 
generator could be used. 

In operation, we found the apparatus 
worked to perfection. When the two 


electrodes of the spark plug within the 
cylinder were in contact the incandescent 
lamps would light up and when the 
cam and rod struck the magneto hamme-, 
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causing that to lift the igniter dog, the 
lights would go out, because of the open 
circuit, after the inductive spark had 
passed. In case of any short-circuit the 
lamps showed it—in fact, the bank of 
lamps indicated plainly what was going 
on at all times at the igniter electrodes. 

In any engine which now comes to the 
notice or care of the writer one of the 
first steps is to get a firing rig similar 
to the one here described. A _ storage 
battery can be used instead of a generator 
until the engine is in operation, or di- 
rect current from an outside source may 
be used. 

J. C. Miter. 


Oak Park, fil. 





Live or Exhaust Steam for Heat- 
ing 





In the February 4 number a correspond- 
ent asks for discussion of the best method 
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THE BUILDERS’ IGNITION SYSTEM 


of heating to be used for a 200-horse- 
power plant and, the idea being highly 
educational, useful and interesting, I am 
in hope that many will give their views 
and experiences on this subject. It is to 
be expected that there will be a difference 
of opinion as to which method would give 
the best results and show the most econ- 
omy. 

As there were few data given outside 
of the horse-power, boiler pressure and 
free water, plus the lifting, much will 
have to be assumed as to the number of 
hours run, the area the factory covers, 
and the amount of steam used, if any, 
for minor purposes, such as the heating 
of feed-water, etc. Steam taken from a 
boiler at 100 pounds, passed through a 
good automatic engine, and reduced to 
nearly atmospheric pressure, loses only 
about 15 per cent. of its heat, and the re- 
maining 80 odd per cent..of the whole 
heat goes to waste if not utilized in some 
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other way. It is necessary that it should 
pass as soon as possible to some other 
work, which would in this case be a prop 
erly-designed heater, as, if only the feed- 
water for boilers is heated, about one-fifth 
of this 80 per cent. loss is corrected. The 
remainder can be used for heating for five 
and one-half months of the year, and 99 
per cent. of the plants use steam for 
other purposes to some extent. In my 
case it is used for heating water for 
washing and dyeing, and it is only at in 
tervals of short duration that there is 
any showing of steam from the exhaust 
head. If live steam were used for heat- - 
ing it would mean, in a great many cases, 
having extra boilers for the winter months 
doing many hours’ unnecessary work. 

The cost of operation, outside of inter 
est, depreciation, insurance and charges, 
will naturally vary in different plants and 
locations. For instance, this section of 
the State being at a high altitude, and 
difficult to reach from tide water, the 
freight is a large proportion of the cost 
of the coal. This makes it essential to 
buy the best coal and to look after the 
efficiency of the boilers and firing careful- 
ly. Even where the cost of fuel is high 
and steam is used moderately for other 
purposes than the prime mover, the cost 
of installation and operation of a con- 
densing apparatus for so small a unit 
would be such as to make it unprofitable. 
I have just completed and tried out a 
300-horse-power plant that compares fa- 
vorably with the one mentioned in most 
respects. It is located on the bank of 
Still river, Winsted, Conn. The east and 
west buildings are motor-driven and the 
main building belt-driven, and as it is at 
time of writing 12 degrees below zero 
outside and from 70 to 74 degrees in all 
of the departments, it is evident that as 
far as creating capacity is concerned re- 
sults have been obtained. 

A Corliss non-condensing engine was 
installed, exhausting direc:ly into a ver- 
tical, closed heater, with two coils, one 
for feed-water for the boilers, in which 
a temperature of from 198 to 205 degrees 
is obtained throughout the day, the other 
for heating water for mechanical uses. 
The steam passes through the heater up 
one eight-inch riser to the back-pressure 
valve, which is located next the roof. 
There are three tees cut into the riser, 
one each on the first, third and fourth, 
floors. Two lead north and one south. 
The radiation was figured out by expo- 
sures, the method used to obtain results 
with the minimum of work was as fol 
lows: The glass surface was figured first, 
taking the total opening of the window 
frame to allow for leakage. The exposed 
walls were figured and reduced to equiva- 
lent window surface, for unfurred brick 
and stone walls 16 inches thick 4 square 
feet were taken as the equivalent of on 
square foot of glass, and allowed one 
square foot of heating surface for two 
square feet of glass or its equivalent. 
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In rooms that were exposed to the 
north winds the radiator surface was in- 
creased 10 per cent. Radiators were made 
from 14-inch pipe, and proportioned for 
zero outside temperature, 70 degrees for 
inside, with 2% pounds on the system. 
I advocated a vacuum system, and though 
conditions and circumstances were such 
that it could not be used at the time of 
installation, the work was laid out with 
the view that at any time this could be 
accomplished for very slight cost. Since 
last October it has been working with the 
engine not yet up to her rating; the ad- 
dition of initial pressure will offset the 
small amount of back pressure, and as all 
of the exhaust is utilized in winter the 
results are very satisfactory. 

By using a nearly pure mineral oil, 
and the best that is compounded for cyl- 
inder lubrication, the amount used is kept 
at a minimum, and the only trace of oil 
found in the boilers from the heating sys- 
tem is a gloss-like deposit on the shell. 

The water is removed from the system 
by gravity, entering two traps, one north 
and one south of the boiler room, dis- 
charging into a receiver vented to the at- 
mosphere. From this an automatically 
controlled duplex pump forces it to the 
boilers. A reducing valve is connected 
with the riser so that when the engine 
is at rest live steam at reduced pressure 
can be used. 

W. T. CROWELL. 
Winsted, Conn. 


When this plant was erected it was de- 
cided to run the engines condensing and 
use live steam for heat and manufactur- 
purposes. The power house was 
equipped with four boilers of 200 horse- 
power each, two tandem-compound en- 
gines, 14x26x26, 150 revolutions per 
minute, direct-connected to 200-kilowatt 
alternators, a surface condenser, together 
with the necessary feed-pumps, heater and 
economizer to make it a modern power 
plant. Steam was carried at 125 pounds 
boiler pressure and the water was taken 
from a creek that ran close to the factory. 
The steam for heating and manufacturing 
was used at full boiler pressure. 

When the plant started it was 
found that the water contained so much 
floating matter that it was impossible to 
keep the condenser tubes clean and as the 
tubes filled with dirt the vacuum dropped 
and the engines were not able to keep up 
the speed; there was also trouble in hold- 
ing the steam. Then it was decided to 
try an injector condenser. The surface 
‘ondenser was thrown out and the injec- 
tor condenser installed, with the necessary 
circulating pump, with the result the sare 
as before; the dirt would wash down into 
the intake and first the foot-valve would 
hoke, then the strainers, then the pump, 
nd finally the condenser, so there was a 
ontinual chase from one to the other, and 
sometimes we were running condensing 


ing 


was 
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Such was 
the plant when the writer took charge. 
There was a continual kick at slowing 
down and stopping on account of not hav- 
ing clean or sufficient water for the con- 
denser, the water being returned to the 


and more times we were not. 


creek and used over again, as in dry 
weather there was not sufficient water 
there to keep the pump going. After 


about six months of this state of affairs, 
it was decided it would be better to run 
the engines single high-pressure and use 
the exhaust for heating ‘and manufactur- 
ing, and it was finally agreed to make the 
change. The high-pressure cylinders were 
removed from the engines and the low- 
pressure cylinders were bushed from 26 
inches to 22 inches. The steam lines were 
made of sufficient size to use low pres- 
sure and the condenser taken out, 
with the result that carry 100 
pounds steam on our boilers and 5 pounds 
back pressure on the engines and heating 
systems. 

We have no trouble keeping up to 
speed, no condensers to look after and 
just a simple engine to take care of. We 
find that we burn less coal and have no 
trouble keeping steam. The 5 pounds ex- 


was 


we now 








FIG, I 


haust is sufficient to heat the building and 
do all the manufacturing; there ts little 
exhaust going out over the roof in sum- 
mer and none in winter. 
live steam and reduce it to 5 
do the necessary heating. 

In the manufactory we have a large 
number of vats and tubs which must be 
kept boiling continually during the day. 
In these tubs and vats the steam is blown 
directly into the water through perforated 
coils and is condensed in the water. This 
condensation makes up for the loss of 
water which rises from the water as steam 
and which otherwise would have to be 
supplied from the hot-water system. Hot 
water is used to fill the vats and tubs. 

The heating of the building is effected 
through a low-pressure heating system 
and all the returns are pumped back to 
the return tank in the power house. 
These returns heat the feed-water in the 
return tanks to about 150 degrees, then 
the water passes through a feed-water 
heater that heats the 210 de- 
grees, and from the heater to the econo- 
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pounds to 
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mizers, where we get our feed-water 240 
degrees, which is pretty good. 

I think that where it is possible to pass 
the through the heating 
system and then condense, and be able to 


exhaust steam 
cut out the heating system in the summer 
it would be the most economical way to 
use the exhaust steam. 
H. B. B 
Orange, N. J. 





Connecting-rods and Engine 


Sizes 


\ company of young engineers had as 
sembled and one of them told of a new 
engine about to be installed in his plant 
The others wanted to know all about it, 
and how long he thought it would take t¢ 
do the job. They knew that the old engine 
was a 16x30x30, and when he stated that 
they were going to place a 20x36x36 on 


the same foundation I said: “That will 
86 X Sv 
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FIG. 2 


make a pretty short connecting-rod for an 
engine of that size, won't it?” For an- 
swer he asked what the length of the 
connecting-rod had to do with the size 
of the engine. I told him that the shorter 
the connecting-rod the farther the piston 
would be from the center of the cylinder, 
and the crosshead from the center of the 
guides, when the crank-pin was at half 
stroke. Also, that short eccentric-rods 
produce the same angular motion to the 
valve, in a smaller degree, by advancing 
the position at the middle of the stroke. 

Of course he wanted to be shown, and 
as I only knew this was so on account of 
the great angularity of the shorter rod, 
but did not know how to explain it, I 
took him to my chief, and herewith is 
what he showed both of us. First he 


drew Fig. 1, showing a wall with a ladder 
standing against it, and asked us if we 
had ever worked out the problem of how 
long is the ladder if it reaches 50 feet up 
on the wall, the base being 10 feet away? 
Then the chief drew Fig. 2, and told us 
that if the length of the connecting-rod 
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from A to B were, say, 135 inches and the 
length of stroke from C to D 36 inches, 
then 135 X 135= 18,225 and 36 xX 36= 
1296 -+ 18,225 = 19,521; the square root of 
19,521 — 139.7, which is the length of E; 
and the difference between E and A will 
be the angularity of the connecting-rod and 
the difference between the true center of 
the cylinder, which point is where the pis- 
ton will be when the crank is at one-half 
stroke. 
THoMAS SHEEHAN. 
Pittsfield, Me. 





Dynamos and Motors 





In George W. Malcolm’s article on 
“Dynamos and Motors,” on page 852 of the 
December number, mention is made that 
a carbon brush will be burnt because not 
being securely fastened. Now, the fact 
is that very often the brushes are screwed 
up so tightly in the holders when the 
machine is cold that, during the run, when 
the brushes get heated they are liable to 
crack from unequal expansion. A few 
more points in regard to sparking could 
profitably have been added to Mr. Mal- 
colm’s article. For instance, if too much 
carbon is in contact with the commutator, 
i.e., if the brushes extend beyond two 
bars, sparking will result. The proper 
brush contact—as stated in Power some- 
time ago—is found to be 1/20 area square 
inch of the maximum amperage carried 
for hard carbon, and 1/15 for soft. Spark- 
ing will also result if the brushes are 
allowed to become coated with copper; 
if the brushes are rubbed very hard with 
a piece of canvas after every run, sand- 
papering will very seldom be necessary. 

AvBert L. ANDERSON. 

Douglas, Alaska. 





Referring to the foregoing letter, allow 
me to remind Mr. Anderson that the need 
for avoiding excessive brush clamping is 
no argument against fastening the brush 
connections securely in order to avoid 
sparking. 

Of course, too thick a brush will cause 
sparking; so will shifting the brushes two 
or three inches away from the commutat- 
ing plane, and a man who uses brushes 
of any thickness other than that pre- 
scribed by the maker of the machine is as 
unintelligent as he who sets his brushes 
two inches out of true. Mr. Anderson’s 
limitation of two commutator segments 
to be covered by the brushes does not 
apply to all machines; his experience has 
apparently been limited to a few types 
and sizes. There are hundreds of ma- 
chines in which the brushes cover three 
and even four segments, and these operate 
satisfactorily. 

Mr. Anderson's point as to cleaning off 
the copper film on brush faces with canvas 
is an excellent one. I might remind him, 
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however, that I did not offer my short 
article as covering every known cause 
and remedy for sparking; a book could be 
written on that subject. 
GeorceE W. MAtcoio. 
Brooklyn, N. Y. 





Barrels Make Haady Support 





Sound, strong,barrels set end up are 
much stronger than usually supposed, and 
the weight which they will safely sup- 
port is beyond ordinary belief, although 
of course, they should not be recklessly or 
ignorantly overloaded, nor strained by 
being improperly placed. Care should be 
taken that barrels with good hoops and 
rivets are employed, that they are set 
evenly, and the load applied vertically and 
centrally upon them. Particular stress 








BOILER SUPPORTED ON WHISKY BARRELS 


must be laid upon the caution to be sure 
that they do not lean, or rock over side- 
wise, which greatly weakens them. The 
barrels should stand upon a level floor, 
planks or other reliable support, with 
planks or timbers laid across the upper 
ends, so as to divide the pressure evenly 
upon the staves. 

A mechanical and erecting engineer 
has so supported twenty-seven thousand 
pounds upon two whisky barrels, or 
twelve thousand five hundred pounds 
(six and one-half tons) on each. An ex- 
perienced cooper states that light-elm 
bakery barrels will support one thousand 
pounds each, and if the wood is sound and 
the hoops strong, two thousand pounds 
each. 

The accompanying photograph is of a 
60-inch by 14-foot, 100-horse-power boiler 
which was supported during bricking-in 
by two whisky barrels which furnished a 
cheap, firm support, much more convenient 
to work around than cribbing, or the 
other means usually employed. 

F. R. Wittams. 

Syracuse, N. Y. 
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The Practice of Nepotism by 
Heads of Departments 





The subject of nepotism is of great in- 
terest to all employees. If the man who 
employs labor is the owner of the busi 
ness, he has more right to employ his rela- 
tives than if he is merely the paid head 
of a department. In the latter case he is 
practically the same as other employees, 
and he has no right to discriminate against 
anyone in favor of a relative. No doubt 
the majority of heads of departments are 
disposed to deal fairly with the men un- 
der them, but when it comes to dispensing 
justice between son or brother and one of 
no relation, the father or brother is not 
the proper person to render a just deci- 
sion. 

It is perfectly natural for the father to 
favor his son. The parental instinct 
forces him to do so, and it is practically 
impossible for a father to see his son as 
he actually is. Consequently, in justice 
to others, he should not be in a position 
to be called upon to decide any question 
between the son and an employee of no 
relation. 

There is nothing that will create more 
dissatisfaction in a plant, shop or factory 
than the knowledge that the son of the 
boss is coming there to work. The pass- 
ing of such word among the employees 
is the one universal signal for dissatisfac 
tion and discontent. No employee genu- 
inely likes to work with the relative of 
the “boss,” unless he secretly hopes to 
gain favor through the influence of the 
relative. 

The son can very easily see that other 
employees will hesitate to complain of 
his actions, and, fearing the displeasure of 
the “old man,” will very likely fail to 
report a disagreeable incident, and thus 
the boy is left free to do about as he 
pleases. 

In many instances the boss’ son is 
elevated above other employees, who have 
as much or more ability and all the rights 
given by seniority. It is a well-known 
fact that the son doesn’t always inherit 
the ability of the father, although the lack 
of ability is frequently overshadowed by 
a large bundle of conceit. 

Of course, the “old man” never delib 
erately discharges a man in order that his 
son may have a better place. He is too 
humane, as well as too wise, for that, but 
if so disposed he can make the surround 
ings so unpleasant that the other fellow 
is forced to get out and then the son 
slides into the better place. 

Abuses arising through nepotism may 
not reach the ears of the manager, but 
the manager can usually inform himself 
if he goes about it in a quiet way, and 
he will see that no employee suffers fo: 
telling the plain truth. On the other hand 
the wise manager will realize that undu 
prejudice may exist, and he will not ab 
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1b every rumor which comes to his 
ars; but it may be safely said that where 
son is employed where his father is in 
iarge, there will be discrimination in his 
ivor, either deliberately or uncon- 
iously. 

It is not meant to be implied that be- 
use a young man is the son of the head 
f a department he is necessarily a repro- 
ate, or that he should be kicked down the 
ront steps and told to “skiddoo.” The 
old man” can legitimately use his influ- 
nce to have his son placed under the 
ead of some other department, if not 
with some other concern, where the son 
ay have an even chance with the others, 
ind then let him stand on his merits, for 
merit alone is the proper requisite for 
promotion. He can also aid his son pri- 
vately by instructing him in his business, 
ind in other ways. This course would 
really be better for the boy, because if 
placed where he knows he will receive no 
special favors, he will learn to depend on 
himself rather than on his father. As 
long as he works for his father, he will 
look to the father to carry him over the 
rough places, and then when thrown on 
his own resources he will find himself un- 
fitted to fight the battle in competition 
with those who have been taught to de- 
pend on their own efforts. 

x. ¥.. 2. 
Handley, Tex. 





Engineers’ Lice.ses 


Regarding the statements in the edi- 
torial on “Engineers’ Licenses,” in the 
January 28 number, I would like to make 
a few comments. You state that “the real 
object seems to be on the one hand an 
attempt to limit the supply of engineers 
and thus increase the price of engineer 
Now, Mr. Editor, if the exami- 
nation is fair and above-board, as it cer- 
tainly ought to be, I fail to see how com- 
pulsory examinations are going to limit 
the supply of engineers —it is only the 
men who think they are engineers who 
make the greatest “kick” against taking 
examinations. 


serv ice.” 


You make a good hit in the comparison 
of the engineers’ license law with those of 
doctors, lawyers, etc., but I do not think 
the cases are exactly parallel. In the 
great majority of cases a mistake made 
by a would-be engineer results in much 
greater loss of life and property than a 
mistake by an incompetent lawyer or doc- 


tor. And because a man can safely handle 
a small steam plant consisting of a boiler 
and engine of 100 horse-power capacity, it 
does not follow that he would be a safe 
and competent engineer to trust with a 
much larger plant, consisting perhaps of 
two or three batteries of boilers, com- 
Pound condensing engines and all the 
attendant fixtures and appliances. 


Neither does it follow that the owner 
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of the small plant should have to pay 
chief-engineer wages just because a law 
states that there can be no “small” engi- 
neers. What, then, is the objection to the 
graded license? Take an employer with a 
small boiler and common slide-valve 
engine. He has, say, a third-class engi- 
neer at about $75 per month, and if the 
latter is the right kind of a man he is 
satisfied for the time being, because he 
realizes that study, experience and effort 
will sooner or later place him in the same 
class as some of the first-class men. 

In answer to the question: “Are the 
engineers who hold licenses any better 
posted or better paid than members of the 
same profession who are unlicensed?” I 
would say that they most certainly are on 
this side of the line, that is, in those prov- 
inces which have license laws. Even in 
Alberta, which is considered “easy,” a 
candidate for a “first” must put in two 
years in a boiler shop or in an engine 
shop, as part of his experience, before he 
can try the examination; and you will 
agree with me that a man who has com- 
plied with this condition (not to mention 
the necessary time in charge of plants) is 
“better posted” and will get better pay 
than the man who has not even qualified 
for a “little old third” as a starter and 
stopper, but who, of course, “could take 
the examination if he had to.” 

Of course, it is quite probable that my 
views on this subject do not hold good in 
the States, as operating conditions may be 
altogether different; also, there are likely 
to be different license laws there. Even 
in the western part on this side of the 
line, there is a vast difference in the laws; 
Manitoba has none at all, Alberta calls 
for a fairly stiff examination, while Brit- 
ish Columbia is right up on top with 
scarcely any firsts and very few seconds 
out. 

J. A. CARRUTHERS. 

Bankhead, Alberta, Can. 


The editorial, in the January 28 num- 
ber, referring to the grading of engi- 
neers’ licenses, has renewed a subject that 
every honest-hearted engineer ought to 
learn by heart. Why should they grade 
them? Some of the worst calamities that 
we know of occur in low-pressure plants. 
Only a short time ago I read of a cast- 
iron heating boiler giving way and killing 
three unfortunates. 

I believe that every man in charge of a 
steam plant or a steam boiler should be 
examined by at least three competent men 
and given the license, or refused it, ac- 
cording to his ability, and there should 
be only two grades issued, namely, for 
engineers and firemen. 

I make this distinction for the reason 
that some men are perfectly competent to 
care for and fire boilers, while they know 
absolutely nothing about engines, and once 
in a great while you will find men who are 
capable of caring for. an engine but who 
do not understand boilers. If these latter 
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were given first-class licenses they might 
secure positions as chief engineers where 
the boilers would come under their man- 
agement; therefore, a man who is not 
posted on the care of boilers is, in my 
opinion, incapable of holding an engineer's 
license. 

M. E. WEBBER. 
Lestershire, N. Y. 





The ‘* Ash-buriing’’ Compound 
Put the Fire Out 


I have experimented with that so-called 
fuel economizer, “ash-burning compound.” 
In our plant we mix the sludge with the 
pea coal, then it is dried over steam pipes 
for about one week, when it is ready for 
the fireman to use in his boiler, in which 
he must keep a pressure of 100 pounds. 
Well, we mixed the ashes and salt and 
oxalic acid called for by the formula with 
our mixture, and the only thing it did wa: 
to put the fire out. 

Perer NUHN. 

Chester Park, L. I. 





Singular Cause of a Boiler 
Explosion 


On page 231 of the February 11 number, 
in relating a “Singular Cause of a Boiler 
Explosion,’ H. F. Schmidt states a case 
which is not quite clear to me. If, after 
filling the boiler the tender closed the gage- 
cock, let the water down and, owing to 
his surprise, tried the column again, why 
did not the water disappear? To try the 
column he would have to open something 
and that would break the 
vacuum, allowing the water to fall. Also, 
how would the vacuum above the water in 
the column “cause the water to go out of 
sight?” If some of the tubes were pulled 
out of the back tube-sheet, why did not 
this the instead of the 
pressure collapsing the fire-box ? 

Mr. Schmidt deplores the use of flange 
unions in 


relieve or 


relieve pressure 


column connections. I would 
use nothing else anywhere on steam, gas, 
air or water pipes above %-inch. It is 
seldom that a lip union that has been in 
use for any length of time on hot work 
can be taken apart without damaging 
something; and it is just as easy to put a 
blind gasket in a lip as in a flange union, 
unless the man cuts his gaskets with a 
hammer, and that is poor practice, too. 
Had the plant of which Mr. Schmidt 
writes well regulated a supply of 
gaskets would have 
hand, a few for each size of union in the 
outfit. 


been 
ready-cut been on 
There is always somebody around 
a steam plant who has enough spare time 
from his regular routine to keep a stock 
ready for use. If aman cuts gaskets when 
he has time enough to do it right he’ll 
not let them go blind. 
GeorGce R. WILLIAMS. 
Findlay, O. 
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Old King Coal 


Wilkes-Barre has just been celebrating 
the one-hundredth anniversary of the dis- 
covery of the fact that anthracite would 
burn. On the night it, 
1808, Judge Fell, a tavern at 
Wilkes-Barre, said to have made the 
experiment, grate erected for the 
the best room of his tavern, 
notables of the The 
to have been known before, 
Evans on February 15, 1803, 
he had “experienced the use 
referring to “Lehi coals” “in a 
Frederick Graff, clerk 
of the water works of Philadelphia, wrote 
on May 1, 1805: “Having made a trial 
of the Lehi coals some time in the year 
1802 at the Pennsylvania bank in the 
large stove I found them to answer for 


of February 
keeper 
is 
in a 
purpose in 
before the 
fact seems 
for Oliver 
wrote that 
of them,” 
close stove,” 


town. 


and 


that purpose exceedingly well. They 
give an excellent heat and burn lively.” 
It is natural that different persons 


should have made the discovery indepen- 
dently, and whoever may have been the 
first the fact remains that when Col. 
George Shoemaker took twelve wagon- 
loads to Philadelphia, so little was known 
about it that he was denounced as 
impostor and was obliged to give most 
of it away; and the first quarter of the 
century was past before the value of the 
“rock fuel” was generally recognized. 
This applies, of course, only to anthra- 
cite, soft coal having been long known 
and used. And now it is said that there 
is not much more than a century’s supply 
of the newer fuel in sight, that in two 
short centuries from the discovery of 
value the anthracite supply of the 
country will be depleted, and before that 
time this coal will have become too valu- 
able for many of the uses to which it is 
now put. The effects of the shortening 
of the supply and especially of the con- 
centration of its control are already felt. 
The retail price has nearly doubled within 
a decade, the smaller sizes formerly 
thrown away command good prices and 
washeries are rescuing the last recover- 
able combustible from the piles of refuse 


an 


its 


of the more wasteful days. 
the anthracite gets 
users are obliged to depend more and 
more upon the smoky bituminous, with 
the result that cities once fair and clean 
are now hidden in smoke banks, and 
courts and inhabitants are wrestling with 
the problem of how to preserve the pub- 
lic health and cleanliness without offend- 


As scarce power 


ing the god of industry. It gan be 
done; bituminous coal can be burned 


without smoke, but at a cost—ah! there’s 
the rub! But since in the final analysis 
the consumers, the people, have to pay 
the cost anyhow, perhaps they would not 
mind paying the difference and having 
back their pure air gnd clear sky. 

One of the strong claims of the gas 
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producer and the gas engine is the smoke- 
lessness of their operation, while loom- 
ing up on the horizon, a threatening rival 
of Old King Coal and a promising de- 
liverer for the people whom he and his 
at their mercy, Alcohol ; 
which, from the shackles of re- 
strictive legislation and with the improve- 
ment and economical developments nat- 
ural to a great industry, such as the pro- 
duction of fuel alcohol 
well become an important factor in the 
world’s 


barons have is 


freed 


would be, may 


fuel supply. 





The Double-riveted Lap-seam 
Boiler 


Nearly all of the boilers 
which have exploded during the past few 
years f the type known as 
the double-riveted lap-seam, and invari 
ably the rupture has occurred along the 
second row of rivets, a location by the 
of things for exami 
Long exhaustive articles hav 


not quite 


have been 


nature inaccessible 
nation. 
been written to prove that this style of 
joint is peculiarly Legislatures 
have been importuned to enact laws pro 


and 
unsafe. 


hibiting the use of boilers with this seam 
for any purpose whatever, but the 
of profits being more powerful than the 
sense the manufacture, 


god 


god of common 
sale and use of the double-riveted lap 
boiler, with its assumed strength 
of seventy per cent. of the whole sheet. 
kept right on. It was bought because 
as a rule the boiler buyer wanted the 
cheapest thing he could get, and in his 
ignorance of boilers he supposed that a 
double-riveted lap-seam boiler was cheap- 
er than a butt-strap joint boiler of equal 


seam 


strength. 

It may not be pertinent to the subject 
to remark, in parenthesis, that the buying 
for steam plants is often done by men 
fitted for this work than 
Nevertheless, it is a 


are less 
other. 


who 

almost 

fact. 
A number 


any 


of boilers of the horizontal 


return-tubular type were wanted, and 
bids were asked for. The boilers were 
to be six feet in diameter and _ have 
eighteen-foot tubes, Double-riveted lap- 


seams were specified. The working pres- 
sure was to be one hundred and twenty- 
five pounds. The engineer protested 
against the lap-seam, but was overruled. 
Taking a day off, he visited the office of 
one of the boiler shops and asked that 
the shop should submit two bids, one 
for boilers as specified by the plant owner 
and one for boilers of equal strength but 
with double-strap butt-joints. The 
bids were furnished, and the butt-strap 
boilers of equal strength were each 
offered for sixty dollars less than was 
asked for the double-riveted lap-seam 
boiler. 


tw0O 
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A Raw Proposition 





The “perpetual-motion” inventor and 
he “something-for-nothing” discoverer 
re ever with us. The latest was one 
‘aw, who, with a two-horse-power en- 
sine, runs an air compressor through a 
veighted belt which furnishes air to drive 
n engine developing five horse-power. 
‘Jnited States patents on the device and 
jlueprints illustrating it were shown, and 
he listener invited to examine the work- 
ing model. He offered to get his coat and 
«o at once, but was told that the machine 
yas not yet set up. The listener then 
iid that he had spent many years erect- 
ing engines and other steam machinery, 
and would gladly assist in assembling 
the exhibit; but the inventor said he had 
business in another part of the city which 
would occupy some days, but that he 
would telephone when the machine was 
ready for operation. The days have passed 
and gone and the listener is still wonder- 
ing if the inventor really wanted to have 
a real engineer see the device either as- 
sembled or operated. 





Unto Him that Hath Shall 
Be Given 


The supervisor of janitors of the public 
schools of New York City has issued an- 
other circular as follows: 

JANUARY 29, 1908. 

Dear Sir or Madam: 

The committee on care of buildings 
received a communication from the com- 
mittee on supplies, under date of January 
16, relative to the use of oxalic acid and 
salt solution, referred to in the circular 
sent out December 12, 1907. 

The result of these investigations 
shows that 70 per cent. of the janitors 
report a saving of from 15 to 50 
per cent. according to the conditions in 
their schools. The report farther shows 
that some janitors have displayed and 
are displaying indifference and unwilling- 
ness to codperate with the department 
the committee on care of buildings 
desires to call to the attention of every 
janitor that this indifference and unwil- 
ss will not be tolerated. 

The janitors who have codperated with 
the department and made it a success 
(and they are in the majority) are here- 
imended for such codperation. 


and 


linen 


by ( 


Those who have not been able to use 


the solution, because of lack of oxalic 


acid and rock salt, are notified to do so 
immediately upon receipt of said supplies. 
There is not a janitor in the system 
who cannot effect a saving of at least 
10 per cent. 
‘committee on care of buildings de- 
‘Ires to notify every janitor that the in- 
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structions contained in the circular were 
sent after a most careful investigation 
and report by competent men, and janitors 
who have not made a success with the 
solution are hereby notified that any 
farther indifference or unwillingness to 
aid the committee on supplies in the 
matter of the saving of coal, will be 
sufficient reason 
against them. 

In connection with the foregoing, your 
attention is called to the following essen- 
tial points : 

1. Under no circumstances must a 
school be permitted to close or become 
chilly for lack of heat, and the excuse 
that you were experimenting will not be 
accepted as a valid one. 

2. Janitors, engineers, firemen and 
others responsible for the care of stoves, 
boilers, machinery, etc., will be next held 
to a strict accountability, and the state 
ment that any damage has been caused by 
this solution will not be taken as satis- 
factory, because the use of it, extending 
over a period of one year, has shown that 
the waste coal in ashes, moistened with 
the solution mentioned, can be used with- 
out detriment to boilers, connections, grate 
bars, etc., which contention is sustained 
by competent authorities. 

3. We do not want to save money in 
coal and waste it in repairs. 

Very truly yours, 
A. J. M. 


Supervisor of Janitors 


for preferring charges 


Approved : 

T. J. Hiceins, 

Chairman, Committee on Care of Build 
ings. 

There is one little thing about this cir- 
cular which indicates that the pounding 
which the subject of burning ashes has 
received has made a dent in the compre- 
hension of the supervisor. In his second 
“essential point,” near the end of the cir- 
cular, he says that the use of the solution 


has shown that the waste coal in ashes,’ 


moistened with the solution, can be used 
without detriment to the boilers, etc. 
This is quite a different thing from ad- 
vocating the burning of the ashes them- 
selves over and over again. Now if the 
supervisor will make another experiment 
in good faith, he will find that if he had 
his janitors screen their ashes, take out 
the clinkers and burn the recovered coal 
and cinders, without any solution, per- 
haps simply moistening them with a little 
plain water, he will get just as good re 
sults as far as heat is concerned, al 
though not quite as spectacular a fire as 
he does with the salt and oxalic acid. 
The circular puts it squarely up to a 
man to make a saving or lose his job. 
There are few plants which are run 
with such a strict adherence to the re 
quirements of efficiency, with so much 
application and conscientious painstak 
ing and far-reaching intelligence on the 
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part of the janitor, that some saving is 
not possible. The unfortunate part of the 
present situation is that a man who has 
been the most vigilant and conscientious 
in the past is able to make the least 
apparent improvement by -the use of the 
supervisor’s solution. Having got all 
there was out of the coal before, he can- 
not get ftom 15 to 50 per cent. more out 
of it on the demand of the committee, 
were it to save his job. On the other 
hand, the fellow who has been wasteful, 
extravagant and careless before has only 
to exercise ordinary vigilance to make 
a saving which will ingratiate him with 
the supervisor and establish an irrefuta 
ble proof of the efficacy of the “solution.” 





Know Your Ground before 
You Start 


“Be sure are right then go 
ahead” is a very good motto for the en- 
gineer to have in his mind, not only some 
times, but all the time he is around the 


plant. 


you 


Pumps were wanted for a certain 
boiler; they arrived and were examined 
by the engineer, who at once decided that 
the cylinder ratio was not what it should 
be. Before he made a complaint, how 
ever, he piped up one temporarily and 

work; but it pump 
the intended. Yes, it 
would pump a little; that is, it would de 
liver about one-tenth of the water needed. 
He then notified the manager, who com- 
plained to the persons who furnished the 
pump, and they in turn referred the com 
plaint to the pump makers, from whom 
assurances that the pump was all right 
traveled in inverse order back to the en- 


set it to would not 


against pressure 


gineer, and he was told to go ahead and 
install it. He said: 

“Now, Mr. Manager, I know that this 
pump will not do the work. I know that 
you have assurances from all of the 
‘guessing-stick’ experts of both the 
Universal Experimental Company and 


of the Tryon Pump Company that this 
pump will do the work. Aside from 
the fact that I do not like to do useless 
work, I have no objection to installing it, 
but I wish to say that 
not run your plant. If you are ready 
to assume the responsibilities of a shut- 
down, I will install the pump.” 

The pump was not installed; instead, a 
pump expert was sent from the works and 
after three days of experiments in valve 


assurances will 


setting and indicator and gage readings, 
he returned whence he came, admitting 
that the pump would not do the intended 
work under conditions existing in that 
plant, conditions about which the engineer 


knew more than anyone else. The en 
gineer knew his ground before he 
started, 





. é 
Inquiries 
Questions are not answered unless they are 


of general interest and are accompanied by 
the name and address of the inquirer. 





Specific Heats of Gases 

What is meant by the specific heats of a 
gas at constant pressure and at constant 
volume? Are these specific heats constant 


under all conditions? 
E. M. T. 


The two specific heats are explained 
fully on page 124 of the January 21 num- 
ber. The specific heat is thought to in- 
crease with increase of temperature, but 
the law applying to the relation between 
specific heat and temperature has not been 
determined. 


Power Factor of a Two-phase Circuit 


You gave recently instructions for de- 
termining the power factor of a single- 
phase and of a three-phase alternating- 
current circuit, but not for two-phase cir- 
cuits. How is it determined for a two- 
phase circuit? 

Tt. & S. 

Consider the two “phases” or divisions 
of the two-phase circuit as though they 
were two single-phase circuits and pro- 
ceed accordingly. Thus, the amperes and 
volts of phase A multiplied together give 
the volt-amperes or apparent watts of that 
phase. The same is true of phase B. 
Adding the apparent watts of the two 
phases gives the apparent watts of the en- 
tire circuit. Dividing the true watts of 
the entire circuit by the apparent watts 
gives the power factor. 


Repairing Damaged Commutator Mica 

I have repaired damaged mica between 
commutator segments by filling in with 
powdered mica and shellac, but it does not 
last long. Is there any way to make such 
repairs practically permanent? 

H. J. W. ° 

No. The method you have tried is the 
best one, but it is only a temporary ex- 
pedient. New mica strips in place of the 
damaged ones must be put in. 
Adjusting Governor Springs 

When a shaft governor has two arms 
and two springs, symmetrically arranged 
and linked together, how can the springs 
be adjusted so that both will have the 
same tension? 

H, J. W. 

Block or tie the governor arms in the 
inner position. Slack off the spring or 
pair of springs‘on one arm until there is 
no tension on it or them—the tension nut 
being set lightly against the clip or block 
—and count the number of turns of the 
nut required to do this. Then set the 
nut up again the exact number of turns it 
was unscrewed. Slack off the spring or 
springs on the other arm until there is 
no tension; set the nut lightly up against 
the clip or block and then tighten the 
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spring by the same number of turns of 
the nut that you used on the first spring 
or pair of springs. 


Why Direct Current Cannot be Trans- 
formed 

Why cannot direct current be trans- 

formed ? 
W. G. 

Direct current cannot be transformed 
because the current in the secondary 
winding of a transformer is produced by 
induction, and the induction is dre to 
rapid variations in the strength of the 
current in the primary winding. 


Effect of Disconnecting a Lead ona Three- 
phase Motor 

With a three-phase induction motor will 
the machine continue to run if one of the 
leads is disconnected while the machine 
is running? 

Ge gt 

Yes, as afl unsymmetrical single-phase 

motor. 


To Change Direction of Rotation of a 
Dynamo 

We have a compound-wound direct- 
current dynamo and wish to change the 
direction of rotation. What changes will 
have to be made in the connections or 
the position of the brushes? 

Es. 

Reverse the connections of the brush- 

holder cables at the brush studs. 


Cutting a Boiler into a Battery 

Which is the right way to cut a boiler 
into a battery so as to have the same 
pressure as the boilers in the battery, or a 
few pounds less? 

Fr. e. 

When a boiler is put into service the 
pressure in it should be made as nearly 
as possible equal to that in the main into 
which it is to be cut. 


Power Required by an Elevator 


How can the power for an hydraulic el- 

.evator be estimated? 
C. &@ &. 

Multiply the maximum net weight 
(pounds) to be lifted by the speed of 
the elevator in feet per minute; divide 
the result by 15,000. The final result 
will be the approximate horse-power re- 
quired at the pumps. The maximum net 
weight is the total weight of the car and 
full load minus the weight of the coun- 
terbalances. 





March Meeting of the 
A.S. M. E. 





The March meeting of the American 
Society of Mechanical Engineers will be 
held Tuesday evening, March 10, at 8:15 
o'clock, in the Engineering Societies’ 
building. The meeting will be addressed 
by Dr. Charles P. Steinmetz, on “The 
Steam Path of the Steam Turbine.” 
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Large Central Power Plant for 
Clark Thread Company 





Plans, drawn by Mr. Abercrombie, thc 
chief engineer of the Clark Thread Com 
pany, of Newark, N. J., for a large cen 
tral power house to replace the various 
isolated plants now operated in connec 
tion with the company’s mills, have bee: 
adopted. When fully completed the new 
station will contain five modern unit: 
having an aggregate capacity of 10,00 
kilowatts, the first of which is to be in 
stalled as soon as proper facilities for i: 
can be provided. This is to be an Allis 
Chalmers steam turbine and alternating 
current generator rated at 2500 kilovollt 
amperes on normal load, delivering three 
phase, 60-cycle currents at 600 volts. The 
turbine will be equipped with a Tomlin 
son condenser built by the Allis-Chalmer: 
Company, which is also furnishing th: 
exciter units and other auxiliary appar 
atus. 

At the outset fully 2500 horse-power 
in induction motors will be supplied fron 
this station, about one-third of the pow 
er being distributed to the four plants o1 
the east side of the river, known as the 
cotton, spooling, finishing and packing 
mills, and the remainder, through cables 
under the river, to the two cotton mills 
and the thread mills’sjtuated on the op 
posite bank. The intention is to change 
over gradually the existing methods of 
power transmission and application to mo 
tor drive, as circumstances permit. 





Recent Test of a German Diesel 
~ Oil Engine 





Recently a test was made en a 35-horse- 
power stationary Diesel engine built by 
the firm of Deutz-Cologne. The fuel used 
was crude oil costing $28 per ton deliv- 
ered, the calorific value being 10,069 cal- 
ories per kilogram, or 18,124’ B.t.u. per 
pound, with 0.19 per cent. ash. The test 
lasted four hours, yielding 35.4 horse- 
power at 209.3 revolutions per minute. 
The oil consumption was 187.3 grams, or 
0.412 pound per brake-horse-power per 
hour. Cooling water entered at 19 degrees 
Centigrade and left at 71 degrees Centi- 
grade, the mean consumption being 12 
liters, or 2.6 gallons per brake-horse- 
power per hour. The average tempera 
ture of the exhaust gases measured di 
rectly behind the exhaust valve was 280 
degrees Centigrade. The room tempera 
ture during the test was 20.5 degrees 
Centigrade, and the harometer pressure 
761 millimeters. 





Kor calking small leaks on pipe joints 
asbestos cloth with wire insertion drives 
in with little difficulty. 
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Power Plant Machinery and Appliances 


Original 


Descriptions of 
No Manufacturers’ 


Cuts or 


Power 
Write-ups 


Devices 


Used 





MUST BE NEW OR 


The Hingelink Belt Fastening 





The essential feature of this fastening 
is that the leaves of the hinge, instead of 
interlocking with each other are con- 
nected by links similar to those used in a 
bicycle chain. These links, as well as the 


bending action at the back or belt end of 
the hinge’ is not concentrated on any line, 
and the use of a number of comparatively 
narrow hinges, instead of a wide plate, 
gives lateral flexibility to the joint and 
allows it to conform to the surface of 
and to pass over the pulleys without jar 

When it is desired to use an idler run 




















THE HINGELINK BELT FASTENING 


pins upon which they work, are of hard- 
ened steel, and in addition to the sup- 
pleness secured by the double hinge, the 
advantage is gained that there is no wear 
upon the hinge itself, and the pins and 
links where the wear does occur may be 
easily and cheaply renewed. The manner 
of attachment to the belt is such that the 


ning on top of the belt, the joint may be 
covered with a piece of belting skived 
on and will work perfectly well, as the 
joints will bend with equal facility in 
either direction. 

The hinge is made of malleable iron in 
several sizes, as shown by the accom- 
panying engravings, the larger of which 
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shows it applied to a Ruboil belt. The 
Hingelink Company, he Bourse, Phila- 
delphia, is the manufacturer. 





Water-jet Primers 


The Schutte & Koerting Company, of 
Philadelphia, has brought out a set of 
water-jet primers for 
entries to 


priming siphon 
pumps, long suction 
The appliance is illustrated 


pipes, 


pipes, etc 


il 
bi) 
| 





i] 
5 


| 





in Fig. 1 and is simply an ejector operated 
by water instead of steam, as is usually 
the case. It is intended for use in loca- 
tions where steam is not available, as for 
instance, in pumping stations operated by 
gasolene engines, or where a long steam- 
hoist pipe would be necessary. In oper 
ation it is said to be highly satisfactory, 
a head of water of only 30 feet being 
needed to overcome the suction lift of 25 
feet. Fig. 2 shows the method of attach- 
ment to a siphon pipe for the purpose of 
emptying wells. 
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DuBois Motor-driven Pump 





Electrically driven pumps offer many 
advantages, and for some work are recom- 
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pump and the motor, the complete outfit 
is mounted: on a cast-iron base. This also 
gives a substantial foundation to the main 
bearings that carry the crank-shaft for the 
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iron shields, which can be readily removed 
if access to the gears becomes necessary. 
The crank-shaft is a solid steel forging 
and the bearings are lined with the best 


babbitt metal and provided with grease 
cups arranged to give continuous lubrica- 
tion. The connecting-rod of the pump is 
of forged steel; the crosshead is equipped 
with a bronze bushing and the crank end 
is fitted with a bronze box and babbitted. 
The crosshead is of cast iron and has 
broad bearing surfaces; it is provided 
with an individual oiler. 

These outfits can be supplied with eithe: 
constant or variable-speed motors, of th« 
open or inclosed type, as the exigencies 
of the work demand. For special mine 
pumping outfits and where there is con 
siderable dampness, the inclosed motor i 
used, because of the better protection to 
the armature. The starting rheostat and 
switch for the motor are compactly ar 
ranged behind the motor and fully in 
closed in a box, as shown in Fig. | 
consequently, the outfit is self-containe: 
and made ready for service whereve! 
placed by simply connecting up the elec 
tric-feed wires and making the necessary) 
pipe connections for the suction and dis 
charge. The outfits are built by th 
DuBois Iron Works, DuBois, Penn. 


The 


balance wheel and main driving gear. 


mended as being more desirable and con- 











An ordinary wood screw flattened wit! 


FIG. 2. METHOD OF ATTACHING THE WATER-JET PRIMER a heavy hammer makes a good wedg: 
for a hammer handle. The teeth on th 
venient than steam pumps. This par- water cylinder is of the standard type wedge prevent it from coming out. 





ticularly holds good where long transmis- 
sions of steam are entirely impractical, 
owing to the great losses due to conden- 


used by the builder of the pump. All 
parts are readily accessible for inspection. 
On the end of the motor shaft is fitted a 


Sometimes a wooden tank dries out 
around the top and leaks, because the 























FIG, I DUBOIS ELECTRICALLY DRIVEN PUMP FIG. 2 


sation. cut-brass pinion which meshes with the 
larger of two gears on an intermediate 
shaft; the other pinion on the intermediate 
shaft meshes with the main driving gear 
on the crank-shaft. All gears are pro- 
tected against possible accidents by heavy 


water only reaches the overflow pipe ‘ 
casionally. This can be permanently rem 
edied by tacking a piece of folded burlap 
or flannel on the high-water iine, insi 
This will hold water enough to keep tie 
tank from drying out. 


The DuBois motor-driven pump, illus- 
trated herewith, is simple in design. The 
pump is driven by the motor through in- 
termediate spur-gearing, and in order to 


maintain correct alinement between the 
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Massachusetts Boiler Rules 





SECTION 16 
Material to be Used in Shells and Drums 


1. Shells, drums and butt-straps shall 
be of open-hearth fire-box steel, as speci- 
fied in paragraphs Nos. 3 and 5, section 
14, of these rules. 

2. Heads, combustion: chambers, fur- 
naces, or any plates that require staying 
or flanging, shall be of open-hearth flange, 
fire-box or extra soft steel, as specified 
in paragraphs Nos. 3 and 5, section 14, 
of these rules. 

3. Rivets shall be of open-hearth extra 
soft steel, as specified in paragraphs Nos. 
3 and-5, section 14, of these rules. 

4. Cast steel for use in boiler and 
steam superheater mountings, manhole 
frames, steam pipe, fittings, side lugs, or 
any other parts of boilers or superheaters 
where cast steel is used, shall not have 
less than sixty thousand (60,000) pounds 
tensile strength. 

5. Cast iron for use in boiler mount- 
ings, steam-pipe fittings, side lugs, or any 
other ‘parts of boilers where cast iron is 
permitted to be used, shall not have less 
than eighteen thousand (18,000) pounds 
tensile strength. 


SECTION 17 


Details of Construction and Installation 

1. In laying out plates and heads in the 
hoiler shop care must be taken to leave at 
least one of the stamps, specified in sec- 
tion 15 of these rules, so located as to be 
plainly visible when the boiler is com- 
pleted. 

2. Each boiler shall conform in every 
detail with the rules formulated by this 
hoard, and shall be distinctly stamped by 
the builder with the words “Massachusetts 
Standard,” MASS. STD., 
also with a serial number and with the 
name of the builder, either in full or 
abbreviated; and the builder shall submit 
i fac-simile of his proposed style of 
stamping to this board for approval. The 
hight of letters and figures used in stamp- 
ing shall not be less than one-fourth (%4) 
inch. 


abbreviated 


3. In numbering serially each builder 
shall begin with the number one (1) and 
continue numbering in consecutive order. 

}. A data report, on forms to be fur- 
nished by ‘the boiler-inspection depart- 
ment of the district police, shall be for- 
warded by the builder to said department, 
for each boiler stamped by said builder 
as above specified. 

Location of stamps to be as follows: 

1) On horizontal return-tubular boil- 

ers—on the front head abové the central 
rows of tubes. 

5) On horizontal flue boilers—on the 
frat head above the flues. 

) On locomotive-type or Star water- 
tubs boilers—on the furnace end above 
the hand-hole. 
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(d) On vertical fire- and vertical sub- 
merged-tube boilers—on the shell above 
the furnace door. 

(e) On water-tube boilers, Babcock & 
Wilcox, Stirling, Heine and Robb-Mum- 
ford standard types—on a head above 
the manhole opening, preferably on the 
flanging of the manhole opening. 

(f) On vertical boilers, Climax or 
Hazelton type—on the top head. 

(g) On Cahill vertical water - tube 
boilers—on the upper drum above the 
manhole opening. 

(h) On Scotch marine boilers—on the 
front head above the center or right-hand 
furnace. 

(1) On Economic boilers—on the rear 
head above the central rows of tubes. 

(j) For other types and new designs 

-in a location to be approved by this 
board. 

6. The boiler builder’s stamp shall not 
be covered by insulating or other material. 

7. The maximum pressure allowed on 
a shell or drum of a boiler shall be based 
on a factor of safety of not less than 
five (5). 

8. The longitudinal joints of a boiler, 
the shell or drum of which exceeds thirty- 
six (36) inches in diameter, shall be of 
butt- and double-strap construction. 

9g. The longitudinal joints of a boiler, 
the shell or drum of which does not ex- 
ceed thirty-six (36) inches in diameter, 
may be of lap-riveted construction; and 
the maximum pressure allowed on such 
shells or drums shall not exceed one hun- 
dred (100) pounds per square inch. | 

10. Any form of longitudinal joint 
other than specified in paragraphs Nos. 8 
and 9 of this section shall be submitted 
to this board for approval. 

11. The longitudinal joints of hori- 
zontal return-tubular boilers shall be 
located above the fire line of the setting. 

12. A_ horizontal return-tubular, ver- 
tical-tubular or locomotive-type boiler 
shall not have a continuous longitudinal 
joint over twelve (12) feet in length. 

13. The thickness of plates in a shell 
or drum shall be of the same gage. 

14. The minimum thickness of plates 
used in the construction of a boiler shall 
be one-fourth (™%) inch. 

15. The minimum thickness of shell 
plate shall be as follows: 


*~ When the Diameter of Shell is 


Over 36 in. to Over 54 in. t« 
54 in. In- 72 in. In- |Over 72 in. 
clusive. clusive. 


36 in. or 
Under. 


Not less |Notlessthan|Notlessthan) Not less 
than ‘% in. Ys in. 3¢ in. than |, in. 


16. Butt-straps shall be rolled to the 
proper curvature on forms made for that 
purpose. 

17. The thickness of butt-straps shall 
be in proper proportion to the thickness 
of the shell plates, and in no case shall 
they be less than five-sixteenths (5/16) 
inch in thickness. 
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18. The minimum thickness of heads 
and tube-sheets of horizontal return- 
tubular and vertical fire-tube boilers shall 
be as follows: 


When the Diameter of Boiler is— 


Over 42 | Over 54 
42in.or in. to 54) in. to 72 
Under. | in. In- in. In- 
clusive. | clusive. 


Over 72 in. Over 78 in. 
to 78 in. to 84 in. 
Inclusive. Inclusive. 


3, in. ye in. ‘, in. Ys in. §, in. 


19. In no case shall the thickness of 
heads and tube sheets of horizontal re- 
turn-tubular and vertical fire-tube boilers 
be less than the thickness of the shell 
plates. 

20. The thickness of plate in stayed 
flat-surface construction shall not be less 
than five-sixteenths (5/16) inch. 

21. Rivet holes shall be drilled full size 
in place or punched at least one-fourth 
(14) inch less than full size. When the 
holes are punched they shall then be 
drilled to full size, with plates, butt-straps 
and heads bolted up in position, after 
which the plates shall be separated and all 
burs removed. 

22. Rivets shall be of sufficient length 
to completely fill the rivet holes and form 
a head equal in strength to the body of 
the rivet. 

23. Rivets shall be machine-driven, 
wherever possible, with sufficient pres 
sure to fill the rivet holes, and shall be 
allowed to cool and shrink under pressure. 

24. The shearing strength of steel 
rivets shall be as specified in paragraph 
No. 4, section 1, of these rules. 

25. Tube holes shall be drilled full 
size, or the center punched out not to ex- 
ceed one (1) inch in diameter and fin- 
ished up full size with a rotating cutter. 

26. The edges of tube holes shall be 
chamfered to a radius of about one-six 
teenth (1/16) inch. 

27. The calking edges of plates and 
heads shall be beveled wherever possible. 
Calking shall be done with a round-nosed 
tool. 

28. Openings in shells, drums or heads, 
for pipe connections over one and one 
quarter (1%) inches in diameter, except 
feed-pipe connections where a brass bush- 
ing or its equivalent shall be used, shall 
be reinforced with standard commercial 
pressed-steel flange, or with a steel plate 
the thickness of which shall not be less 
than the thickness of the shell plate. 
Main steam and _ safety-valve openings 
may be fitted with cast-steel or cast-iron 
nozzles. 

29. The standard manhole opening 
shall be an ellipse eleven by fifteen 
(11x15) inches. 

30. There shall be a standard-sized 
manhole in the upper part of the shell or 
head of a fire-tube boiler over thirty-six 
(36) inches in diameter, except vertical 
fire-tube boilers. 

oe 


manhole frame shall be of 
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wrought or cast steel, and have a net 
cross-sectional area, on a line parallel to 
the axis of the shell, not less than the 
cross-sectional area of shell plate removed 
on the same line. 

32. The strength of manhole plates, 
yokes and bolts shall be in proportion to 
the strength of the manhole frames. 

33. Manhole plates shall be of wrought 
or cast steel. 

34. Manhole frames on shells or drums 
shall have the proper curvature, and on_ 
boilers over forty-eight (48) inches in 
diameter shall be double-riveted to the 
shell or drum. 

35. The standard hand-hole shall be an 
ellipse of the following sizes: 

Two and one-fourth by three and one- 
fourth (2%4x3%) inches. © 

Three by four and one-half (3x4%) 
inches. 

Four by six (4x6) inches. 

36. A standard-sized manhole shall be 
located in the front head, below the tubes, 
of a horizontal return-tubular boiler sixty 
(60) inches or over in diameter. 

37. A standard-sized manhole or hand- 
hole shall be located in the front head, 
below the tubes, of a horizontal return- 
tubular boiler less than sixty (60) inches 
in diameter. 

38. A  standard-sized hand-hole shall 
be located in the rear head of a horizontal 
return-tubular boiler, except one which 
has a standard-sized manhole in the front 
head, below the tubes. 

39. A locomotive-type boiler shall not 
have less than six (6) standard-sized 
hand-holes, located as follows: 

One in the rear head below the tubes. 

One in the front head at or about the 
line of the crown-sheet. 

Four in the lower part of the water-leg. 

40. A vertical fire-tube boiler, except 
the boiler of a steam fire-engine, shall 
have not less than three (3) standard- 
sized hand-holes, located as follows: 

One in the shell at or about the line of 
the crown-sheet. 

Two in the shell at the lower part of 
the water-leg. 

41. A vertical fire-tube boiler of a 
steam fire-engine shall not have less than 
three (3) brass washout plugs of not less 
than one (1) inch pipe size, screwed into 
the shell and located as follows: 

One at or about the line of the crown- 
sheet. 

Two at the lower part of the water-leg. 

42. There shall not be less than one 
and one-half (134) inches of solid plate 
around a hand-hole opening in a shell or 
drum of a boiler. 

43. The maximum size of a surface 
blow-off pipe shall not exceed one and 
one-half (1%) inches, and it shall be car- 
ried through the shell or head with a 
brass boiler bushing. 

44. A bottom blow-off pipe shall be 
fitted with a valve or cock; the minimum 
size of pipe and fittings shall be one (1) 
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inch and the maximum size shall not ex- 
ceed two and one-half (2%) inches. 
Globe valves shall not be used. 

45. When the pressure allowed on a 
boiler exceeds twenty-five (25) pounds 
per square inch the bottom blow-off pipe 
and fittings, from the boiler to the valve 
or valves, shall be extra heavy. 

46. When the pressure allowed on a 
boiler exceeds one hundred and thirty- 
five (135) pounds per square inch the 
bottom blow-off pipe shall have two (2) 
valves, or a valve and a cock; and such 
valves, or valve and cock, shall be extra 
heavy. 

47. When a bottom blow-off pipe is 
exposed to the products of combustion it 
shall be protected by a substantial cast- 
iron removable sleeve or equivalent cover- 
ing of non-conducting material. 

48. An opening in brickwork for a 
blow-off pipe shall be fitted with an ample 
cast- or wrought-iron sleeve, to provide 
for free expansion and contraction. 

49. A bottom blow-off cock shall have 
the plug held in place by a guard or 
gland. The end of the plug shall be dis- 
titctly marked in line with its passage, 
and a handle shall be securely attached to 
the plug in line with the mark on the end 
of the plug. 

50. All stop-valves two (2) inches and 
over in diameter shall be of the outside- 
screw and yoke type. 

51. When boilers, on which the allow- 
able pressure exceeds one hundred and 
thirty-five (135) pounds, are set in bat- 
tery, the main steam pipe shall have two 
(2) stop-valves of the outside-screw and 
yoke type, with an amply valved drain be- 
tween, them having an open discharge. 
The pipe and fittings, up to and including 
the valves, shall be extra heavy, made to 
the manufacturer’s standard for high 
pressure. 

52. The feed-pipe of a boiler shall be 
of brass from the check-valve to the dis- 
charge end, and shall have open end or 
ends. 

53. When boilers of fifty (50) horse- 

power or over are set in battery each 
boiler shall have two (2) stop-valves, or 
a stop-valve and stop-cock, on the feed- 
pipe, one on each side of the check- 
valve. 
‘54. The feed-water shall discharge 
about three-fifths (3/5) the length of a 
horizontal return-tubular boiler from the 
front head, and at or about the central 
rows of tubes above the upper row, when 
the diameter of the boiler exceeds thirty- 
six (36) inches and the pressure allowed 
exceeds twenty-five (25) pounds per 
square inch. The feed-pipe shall be car- 
ried through the head or shell with a 
brass boiler bushing, and securely fast- 
ened inside the shell above the tubes. 

55. When a boiler of over fifty (50) 
horse-power has a pump, inspirator or in- 
jector as the primary means of supplying 
feed-water when the maximum pressure 


March 3, 1908. 


allowed is carried, more than one such 
mechanical appliance shall be provided. 

56. The temperature of the usual feed- 
water entering a boiler shall not be less 
than 120 degrees Fahrenheit when the 
pressure allowed exceeds twenty-five (25) 
pounds per square inch. 

57. Feed-water shall not discharge in 
a boiler in close proximity to riveted 
joints in shell or furnace sheets. 

58. The minimum size of pipes con- 
necting the water column of a boiler shall 
be one (1) inch. } 

59. No connections, except for damper 
regulator, drains or steam gages, shall be 
placed on the pipes connecting the water 
column to the boiler. 

60. When shut-off valves are placed on 
the pipes connecting a water column to a 
boiler, these valves shall be of the 
straight-way outside-screw and yoke type, 
and shall be locked or sealed open. 

61. No water glass shall have auto 
matic shut-off valves. 

62. The water connection to the water 
column of a boiler shall be of brass when 
the allowable pressure exceeds twenty- 
five (25) pounds per square inch. 

63. The steam connection to the water 
column of a horizontal return-tubular 
boiler shall be taken from the top of 
shell or the upper part of head; the water 
connection shall be taken from a point 
not less than six (6) inches below the 
center line of the shell. 

64. A horizontal return-tubular boiler 
over seventy-eight (78) inches in diameter 
shall be supported from steel lugs by the 
outside suspended type of setting; where 
three (3) supports are necessary on each 
side of a boiler an equalizer shall be used. 

65. A horizontal return-tubular boiler 
cver fifty-four (54) inches in diameter, 
and up to and including seventy-eight (78) 
inches in diameter shall be supported by 
the outside suspended type of setting or by 
not less than four (4) steel or cast-iron 
brackets on each side, set in pairs. 

66. A horizontal return-tubular boiler 
up to and including fifty-four (54) inches 
in diameter shall be supported by the out 
side suspended type of setting, or by not 
less than two (2) steel or cast-iron 
brackets on each side. 

67. Supporting lugs or brackets shall 
have the proper curvature and be securely 
riveted to the shell. 

68. When it is necessary. to place a 
fusible plug in a tube an extra thick tube 
shall be provided for that purpose. 

69. Water-leg and door-frame rings of 
internally-fired boilers thirty-six (36) 
inches or over in diameter, shall be of 
wrought iron or wrought steel. 

70. The upper surface of the fire-grate 
of an internally fired boiler of the open- 
bottom locomotive, vertical fire-tube or 
similar type shall not be less than two 
(2) inches above the row of rivets at the 
lower end of the furnace. 

71. Wet-bottom boilers shall have 4 
clear space of not less than twelve (12) 
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inches between the bottom of the boiler 
and the floor line. 

72. A fire-tube boiler shall have the 
ends of the tubes substantially beaded. 

73. The ends of all tubes, suspension 
tubes and nipples shall be flared not less 
than one-eighth (1%) inch over the diam- 
eter of the tube hole on all water-tube 
boilers and superheaters. 

74. The ends of all tubes, suspension 
tubes and nipples of water-tube boilers 
and superheaters shall not project through 
the tube-sheets or headers less than one- 
fourth (14) inch nor more than one-half 
(%%) inch. Separately fired superheaters 
shall have the tube ends protected by re- 
fractory material where they connect with 
drums’ or. headers. 

75. Cross pipes connecting the steam 
and water drums of water-tube boilers 
and cross boxes shall be of wrought or 
cast steel when the working pressure ex- 
ceeds one hundred and sixty (160) 
pounds per square inch. 

76. Provision shall be made for the 
expansion and contraction of steam mains 
connected to all boilers, with substantial 
anchorage at suitable points, that there 
may be no perceptible vibration on the 
boiler-shell plates. 

77. Steam reservoirs shall be used on 
steam mains when heavy pulsations of 
the steam currents cause vibration on the 
boiler-shell plates. 

78. When boilers have their safety 
valves set at different pressures, and are 
connected to a common steam main, the 
boilers allowed the lowest pressure shall 
each be protected by a safety valve or 
valves placed on the connecting pipe to 
the steam main. The area or combined 
area of the safety valves shall not be less 
than the area of the connecting pipe. 

79. Pressure parts of superheaters, at- 
tached to boilers or separately fired, shall 
be of wrought or cast steel when the 
working pressure exceeds fifty (50) 
pounds per square inch. 

80. Boiler and superheater mountings, 
such as nozzles, cross pipes, steam pipes, 
fittings, valves and their bonnets shall 
be of wrought or cast steel when exposed 
to steam which is superheated over 80 
degrees Fahrenheit. 

81. When a superheater can be shut 
off from a boiler, whether attached or 
separately fired, it shall have an ample 
safety valve at or near the steam inlet. 

82. All boilers set in battery and 
superheating the steam they generate 
over 80 degrees Fahrenheit shall have 
two (2) stop-valves, with an amply 
valved drain between them having an 
open discharge. 

83. All superheaters shall be fitted with 
drains from headers or drums where 
water of condensation can collect. 

All boiler shops in which boilers 
are constructed for installation in this 
Commonwealth shall be open to the mem- 
bers of the boiler-inspection department 
of the district police and inspectors hold- 
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ing certificates of competency as inspec- 
tors of steam boilers, as provided by sec- 
tion 6, chapter 465, Acts of 1907, at all 
reasonable hours, for inspection of mate- 
rial, methods of manufacture, workman- 
ship and testing. 

This board does not recommend the use 
of externally fired boilers over eighty-four 
(84) inches in diameter. 





Business Items 


W. B. McVicker, vice-president and Eastern 
manager of the Dearborn Drug and Chemical 
Works, left New York City on February 22 for 
his annual trip to Cuba. The business of the 
company in that country has greatly increased 
during the past year, and it is expected that Mr. 
McVicker will remain there about six weeks. 

The general offices of the International Steam 
Pump Company have been removed to 115 
Broadway, New York. 


The Rollins Steam Specialty and Valve Com- 
pany has succeeded John E. Rollins & Com- 
pany, dealers in engineering supplies and steam 
specialties at 40 Dearborn street, Chicago, IIl. 
fr George V. K. Greene has opened an office at 
150 Nassau street, New York, as consulting 
engineer, and will be glad to receive catalogs 
from manufacturers of power-plant equipment. 


A. H. Swartz, formerly connected with the 
plants of the Carnegie Steel Company and the 
Republic Iron and Steel Company at Youngs- 
town, Ohio, and well known to power-plant 
operators throughout the country, has taken a 
position on the selling: force of the Rust Boiler 
Company, Pittsburg, Penn. 


The Berry Engineering Company, of 
Chester, Penn., manufacturing feed-water 
regulators and other steam specialties, has 
secured the services of W. D. Garrett & 
Company, 136 Liberty street, New York, as 
its sole metropolitan representatives for the 
sale of these articles. 


Russell B. Reid, for the past four years mana- 
ger of the Pittsburg branch of the Estate of 
Edward R. Ladew, belt manufacturer, has 
severed his connection with that concern and 
become interested in the Republic Belting 
Company, of Cleveland, for which he will act as 
Eastern sales manager, with office and warehouse 
at 36 Vesey street, New York City. 


The Sims Company, Erie, Penn., manufac- 
turer of steam appliances, reports that, although 
the times have been dull, as a rule its business 
has kept up so that it has run full time and with 
full force. A branch office has been opened at 
136 Liberty street, New York, in charge of 
W. D. Garrett & Company, who will attend to all 
inquiries concerning the Sims Company’s goods 
in the New York market. 


James McCrea & Company, manufacturers of 
pipe- repair and steam _ specialties, recently 
received a large order from Braman, Dow & 
Company, Boston, Mass., for a complete stock 
of ‘‘Climax”’ steam-joint clamps, “ Emergency ”’ 
pipe clamps and “H. H.” steam traps. They 
have also given the exclusive agency for Greater 
New York to McMann & Taylor, New York City, 
for the “‘H. H.” steam trap. 


The Buckeye Boiler Skimmer Company, South 
End, Toledo, Ohio, has received a letter from 
Arthur C. Green, chief engineer of the Balbach 
Smelting and Refining Company, Newark, N. J., 
in which he says that his company has installed, 
in connection with one of its fire-tube boilers, 
a boiler skimmer, and the amount of scale- 
forming material has been considerably reduced; 
also, they are very well pleased with the opera- 
tion of the skimmer. 
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The Robins New Conveyor Company has been 
recently incorporated and will be operated under 
the management of Thomas Robins, who founded 
the Robins Conveying Belt Company in 1896 
and was president of that concern until March, 
1907, when its management passed into other 
hands. The position of chief engineer in the 
new company is filled by C. Kemble Baldwin, 
who served the Robins Conveying Belt Com- 
pany in the same capacity for the last seven 
years. The offices of the company are at 38 
Wall street, New York. 


The Southwestern Machinery and Supply 
Company, of Los Angeles, Cal., was recently 
organized for the purpose of representing 
manufacturers of machinery and_ supplies. 
The company is under the management of 
Charles L. Michod, who has been in this same 
business at St. Louis and Havana, Cuba, for 
the past five years. The president is J. Wal- 
lace, of 42 Broadway, New York, and Theo- 
dore G. Finley, of Los Angeles, is vice-presi 
dent and treasurer. Considerable business 
with the Mexican trade is anticipated, but 
southern Nevada, Arizona and southern Cali 
fornia will be the principal territory 
covered. 


Robert F. Carr and several of his associates 
in the Dearborn Drug and Chemical Works have 
purchased the holdings of the estate of the late 
William H. Edgar, who died two years ago, 
and at a meeting of the stockholders, followed 
by a meeting of the directors of the company, 
the following™~officers were elected: Robert F. 
Carr, president and general manager; William 
B. McVicker, vice-president and Eastern mana 
ger; Grant W. Spear, vice-president; George R. 
Carr, vice-president; J. D. Purcell, assistant 
general manager; W. A. Converse, assistant 
secretary and chemical director: R. R. Brown- 
ng, assistant treasurer; A. E. Carpenter, super- 
intendent. C. M. Eddy’s holdings were also 
taken over,’ he desiring to devote all of his time 
to his personal business interests. Robert F. 
Carr became connected with the Dearborn com- 
pany very soon after it was organized, entering 
the business shortly following his graduation, 
in chemistry, from the University of Illinois, 
in 1893; for the past ten years he has been vice- 
president and general manager of the company, 
and during most of;that time, especially the last 
few years, has been‘actively in charge of the busi- 
ness and organization. William B. McVicker 
has been connected with the company for thirteen 
years, during most of that time at the head of 
the Eastern department; and for several years he 
has been second vice-president and Eastern 
manager, having charge of the general Eastern 
offices at 299 Broadway, New York, and the 
Eastern branches reporting to New York, in- 
cluding Havana, Cuba. C. W. Spear, who is a 
graduate in mechanical engineering, University 
of Illinois, entered the business in 1895. He 
has been one of the vice-presidents of the com- 
pany for five years, in charge of the branch 
offices in the central district of the United States, 
having his headquarters at the general offices in 
Chicago. George R. Carr has been connected 
with the company since he graduated from the 
University of Illinois. in chemistry, in 1901. 
He has occupied the position of assistant general 
manager of the company for the past four years, 
devoting his time largely to the railroad depart- 
ment of the business. W. A. Converse, who 
was elected to the position of assistant secretary, 
in addition to the office of chemical director. 
which he has previously held, has been in charge 
of the laboratories for the past twelve years 
J. D. Purcell, the new assistant general manager. 
has represented the company in the railroad 
department for five years. R. R. Browning, 
assistant treasurer, has held a similar postiion 
for some years, having been with the company 
since 1896. A. E. Carpenter, superintendent, 
has had charge of the manufacturing department 
for many years, and is the oldest employeein the 
service of the Dearborn company, 
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New Equipment 


The Noblesville (Ind.) Gas and Improve- 
ment Company is said to be receiving bids 
for the construction of an artificial gas plant 
to cost about $75,000. 


The town of Columbia, Miss., will install 
water works and sewerage system at a cost 
of about $50,000. Y. A. Kramer, Magnolia, 
Miss., is consulting engineer. 

It is reported that the city of Sandusky, 
Ohio, contemplates purchasing two 6,000,000- 
gallon low lift pumps and an air compressor 
to be installed in its filtration plant. 


Warden Atschley, of the New Jersey State 
hospital for insane, Trenton, N. J., has 
recommended the construction of an electric 
light plant at a cost of $20,000. 

The Independent Ice and Coal Company, 
Louisville, Ky., it is reported, will erect a 
plant for the manufacture of ice which will 
have a capacity of 100 tons per day. 

Louis Koth, Hampshire, Ill., has purchased 
the electric light plant and will construct a 
new power house. A new boiler and_prob- 
ably other equipment will be needed. 

Louis Miller, Arcadia, Mo., proposes in- 
creasing the capacity of the ice plant from 
two to ten tons. He is also considering the 
installation of an electric light plant. 

The Moerlbach Brewing Company, Roches- 
ter, N. Y., is reported incorporated with 
$150,000 capital and will erect a brewery, 
which will include engine house, etc. 

The Smith-Pittsburg (Tenn.) Light and 
Power Company proposes running a line to 


Bedford, Copenhagen and Bridgeport and 
putting in a 38-phase, 60-cycle, 2300-volt 
system. 


The Telephone and Improvement Company, 
Sweetwater, Tenn., is said to be considering 
the purchase of a generator and other elec- 


trical machinery. D. L. Smith,  super- 
intendent. 

The plant of the Citizens’ Light and 
Power Company, Hale, Mo., has been pur- 


chased by Edgar Jackson, of Carrollton, Mo., 
who will erect a new building and install a 
steam engine. 

The Lynchburg (Va.) Traction and Light 
Company is contemplating adding new equip- 
ment to consist of a 1500-kilowatt turbine, 
900-horse-power boiler and 750-kilowatt ro- 
tary converter. 

Bids will be received until March 19 by the 
Bureau of Navigation, Navy Department, 
Washington, D. C., for equipment for the 
power house at the naval training station at 
North Chicago, Ill. 

Bids will be received until April 6 by the 
Bureau of Engraving and Printing, Treasury 
Department, Washington, D. C., for furnish- 
ing electrical supplies for the fiscal year be- 
ginning July 1, 1908. 

The City of Petoskey, Mich., will install two 
150-horse-power return-tubular boilers. F. H. 
Hinchman, consulting engineer, Detroit, Mich., 
is drawing up specifications. City clerk of 
Petoskey has purchasing power, 

The Shelby (N. C.) Electric Light and 
Power Company has been incorporated with 
$50,000 capital to construct and operate an 
electric light plant. J. J. McMurry, J. C. 
Smith and others, incorporators. 
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The Ardmore (Okla.) Ice, Light and Power 
Company contemplates spending about $50,- 
000 in extensions and improvements to the 
plant. An 800-horse-power engine and 175- 
kilowatt generator will be installed. 





New Catalogs 


my. 
Illus- 


Green Fuel Economizer Co., Matteawan, 
Bulletin No. 108. Mechanical draft. 
trated, 16 pages, 6x9 inches. 

Sight Feed Oil Pump Company, Milwaukee, 
Wis. Bulletin Nos. 108 and 109. Richardson 
sight feed oil pump. Illustrated. 

Graphoil Lubricator Company, 49-61 Clymer 
street, Brooklyn, N. Y. Catalog. Graphite 
lubricators. Illustrated, 12 pages, 5x7 inches. 

Chapman Ball Bearing Company, 40 Bristol 
street, Boston, Mass. Bulletin No. 101. Test of 
shaft bearings. Illustrated, 8 pages, 8x10 


nches. 

Wm. W. Nugent & Company. Chicago, IIl, 
Catalog No. 7. Oiling and lubi.cating devices 
and treatise on “How To Oil An Engine.” 
Illustrated, 96 pages, 6x9 inches. 

American Goetze-Gasket and Packing Com. 
pany, 527 East One hundred and Forty-Ninth 
street, New York. Booklet. Goetze profile 
elastic copper and metal gaskets, flange pack- 
ing and cement. Illustrated, 34%4x6 inches. 

General Electric Company, Schenectady, 
N. Y. Bulletin No. 4559. Direct current 
motor-starting devices, rheostats and panels. 
Illustrated, 16 pages, 8x10 inches. Bulletin 
No. 4562. Mill type motors. Illustrated, 6 
pages, 8x10 inches. 

Allis-Chalmers Company, Milwaukee, Wis. 
Bulletin No. 1514. Type OB pneumatic gov- 
ernor. Illustrated, 8 pages, 8x10144 inches. 
Bulletin No. 1515. Type J emergency valve 
for straight air brake equipments. Illus- 
trated, 8 pages, 8x10% inches. 


General Electric Company, 
N. ¥. Bulletin No. 4533. Wright demand 
indicators. Illustrated, 8 pages, 8x10% 
inches. Bulletin No. 4534. Curtis steam tur- 
bines, horizontal shaft type. Illustrated, 4 
pages, 8x10% inches. Bulletin No. 4538. 
Catenary line material. Illust~ated, 32 
pages, 8x10% inches. 

Sprague Electric Company, 527 West 
Thirty-fourth street, New York. Bulletin No. 
107. Continuous current direct-driven Type 
S generators. Illustrated, 20 pages, 8x10 ty 
inches. Bulletin No. 224. Type D direci- 
current motors. Illustrated, 16 pages, 
8x10% inches. Bulletin No. 310. Direct- 
current electric motors for operating ventilat- 
ing fans and blowers. Illustrated, 26 pages, 
8x10% inches. Bulletin No. 507. Illustrated, 
16 pages, 8x10% inches. 

General Electric Company, Schenectady, 
N. Y. Bulletin No. 4546 entitled “The Elec- 
trification of the West Shore Railroad.”  II- 
lustrated, 24 pages, 814x11 inches. Bulletin 
No. 4537, “The Electric Locomotive in Heavy 
Passenger and Freight Work.” Illustrated, 
18 pages, 8x10% inches. Bulletin No. 4542, 
illustrating and describing concentric and in- 
verted diffusers. 8 pages, 8x1014 inches. 
Bulletin No. 4545, illustrating and describ 
ing single-phase motors, Type IS, Form KG, 
12 pages, 8x10% inches. 


Schenectady, 
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Help Wanted 


Advertisements under this head are inserted for 
25 cents per line. About six words make a line. 


AN ENGINEER in each town to sell the best 
rocking grate for steam boilers. Write Martin 
Grate Co., 281 Dearborn St., Chicago. 

WANTED—Trustworthy, energetic, practical 
engineer. One who can maintain and operate 
modern 3-phase Curtis turbine plant without 
interruptions to service and with maximum 
economy of fuel, etc. Give full past experience, 
results obtained, compensation received, educa- 
tion, employers, stating which may be written 
for reference. Address, N. Y., POWER. 

WANTED—Engineers in every city of five 
thousand or more inhabitants to sell and install 
our engine stop and signal system. For parti- 
culars write the Union Stop & Signal Co., 103 
Bedford St., Boston, Mass. 


WANTED—Sales agent for Greater New York, 
Metropolitan District. First-class man only, 
to introduce high-grade transmission specialty. 
Best anti-friction ball bearing in the world. 
Address C, Power. 


Situations Wanted 


Advertisements under this head are inserted for 
25 cents per line. About six words make a line. 

CHIEF ENGINEER AND MASTER ME- 
CHANIC in a steel plant desires to make change 
Am operating bath steam and_ gas engines. 
technical graduate. Address, A. D. 8., No. 350 
Raleigh St., Congress Heights, Dd. C. 

WANTED—Position as chief engineer or in 
charge of maintenance and repairs in an indus- 
trial plant. Experienced in direct and alter- 
nating current hors stations, machine shop, 
electric wiring, lighting and motors and com 
pressed air, steam engine and general machine 
repairs. Understand indicator practice and 
mechanical drawing. At present employed but 
desire to change. Box 31, POWER. 

MECHANICAL ENGINEER desires position 
Boiler testing a specialty. Box 30, PowEr. 

ENGINEER (27), first-class machinist, elec 
trician, knowledge of A.C. machine. Wants posi- 
tion in New Jersey. Klunder, 422 Trumbull 
St., Elizabeth, N. J 

ELECTRICIAN (27), single, temperate, de 
sires position as foreman of electric end of plant 
Eleven years’ experience at steam electric works, 
installing dynamos, motors, switchboards, insid¢ 
wiring, building outside lines, etc. Have Ohi 
steam engineer’s license. References. Box 32 
POWER. 


Miscellaneous 


Advertisemenis under this head are inserted fo 
25 cents per line. About six words make a line. 


DO YOUR boiler tubes burn? If so, don’t 
cut them out. Write to Box 5, Power. 


TUBE LEAKS STOPPED with the leaky 

ry 3 in place; no stoppage of boiler; don’t laugh 

Smith & Co., 228 No. Clarion St., Phila 
delphia Pa. 


IF YOU DESIRE to learn the latest improve 
ment in_steam boilers, correspond with th« 
Detroit Water Tube Boiler Co. 


ENGINES AND BOILERS, 3 to 2 h.p. engin: 
castings in sets. Models and general machine 
work. Sipp Electric and Machine Co., Paterson 
N. J. Catalog 4c. 


PATENTS—H. W. T. Jenner, patent attorney 
and mechanical expert, 608 F St., Washington, 
D. C. I make free examination and report if 
patent can befhad, and exact cost. 


ENGINEERS AND FIREMEN—Send 10 
cents in stamps€for af40-page pamphlet contain- 
ing a list of questions‘ asked bytan examining 
board of engineers.& Strombersé’ Publishing Co 
2703 Cass Avenue, St. Louis, Mo. 


For Sale 


Advertisements under this head are inserted fi 
25 cents per line. About six words make a line. 

FOR SALE—Westinghouse standard, 50-horse- 
power, entirely new, with exception of casing 
and. fly-wheels, perfect condition guaranteed 
everything complete, $250.00. F.0O. B.H.E. ! 
POWER. 

150 HORSE POWER tandem 
Corliss engine; in good order; 16 ft. 
F. W. Iredell, 11 Broadway, New York. 


compouni 
fly-wher 
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The Corrosion of Condenser lubes 


Influence of This Factor on the Choice of Condenser Equipment 
for Electric Power Plants Which Use Salt Circulating Water 





s ¥ 


The economies resulting from  con- 
densing are generally recognized and 
especially in connection with steam-tur- 
bine practice. Upon the design, selection 
and installation of the condenser equip- 
ment will depend the maximum net sav- 
ing to be credited to the condenser plant. 
The selection of condenser equipment in- 
volves factors more or less dependent 
upon local conditions, and each particular 
case should be considered separately on 
the basis of securing satisfactory operat- 
ing conditions and net economies. If the 
condensing equipment is to be installed in 
a location where the make-up water con- 
tains scale-forming salts and is obtained 
at considerable expense, where the fuel 
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tubes. This corrosive activity may vary 
greatly within comparatively short dis- 
tances, depending upon sewer and similar 
polluting discharges, and other varying 
conditions of immediate location. 
Notwithstanding the corrosion of con- 
denser tubes, on account of the high cost 
of make-up water and the apparent net 
economies to be gained by returning the 
pure water of condensation to the boil- 
ers, many of the large engine plants and 
all of the turbine plants, as far as known, 
have been equipped with surface conden- 
sers. With few exceptions the experi- 
ence with steam engines connected to sur- 
face condensers has been unsatisfactory, 
as regards the utilization of the hot-well 
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have been considered a sufficiently attrac- 
tive investment to warrant installing 
them in the most recently constructed 
power plants. The turbine water of con- 
densation contains no lubricating oil and 
condenser leakage is the only source of 
trouble to be feared. To maintain this 
condenser leakage at the lowest practi- 
cable minimum is extremely important, as 
this will seriously affect (if the hot-well 
water is used for boiler feed) the per- 
centage of corrosive and scale-forming 
elements fed into the boilers. Even: under 
normal surface-condenser operation there 
is a small leakage, through the packing at 
the ends of the tubes, and to this is added 
leakage due to corrosion. 
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FIG. 6. SHOWING DIFFERENCE IN APPEARANCE OF TUBES VIEWED IN THE DIRECTION OF FLOW, OR CONTRARIWISE 


costs are high and the cooling water is 
corrosive, the problem of best selection 
of condenser plant is a difficult one. 
While recognizing the special study 
which needs to be given to each con- 
denser equipment, it is desired in this 
article to present some of the factors and 
considerations generally applicable to the 
selection of condenser equipments to 
Operate under conditions similar to those 
existing in the large electric-power plants 
of New York City. In this city the fuel 
and make-up water costs are high, the cir- 
culating water, approximately one-half 
Salt and one-half fresh, carries in solution 
and in suspension corrosive agents more 
or less virulent in attacking condenser 


water for boiler feed. The mixture of 
lubricating oil and the condenser leak- 
age with the water of condensation makes 
a very undesirable boiler feed, and espe- 
cially so where the boiler plant is kept in 
active service and, at peak loads, in forced 
service to meet the steam demands. 
Therefore, in engine surface-condenser 
plants, with rare exception, the hot-well 
water has been rejected; in some engine 
plants the surface condensers have been 
removed and jet condensers installed, and 
in another large engine plant it is under- 
stood a similar change is soon to take 
place. 

On the other hand, in connection with 
steam turbines the surface condensers 


As this total leakage increases, the hot- 
well water becomes unfit for boiler feed 
and must be rejected. Even if the leak- 
age is maintained at a moderate amount, 
the boiler water is concentrating in salts 
and the boilers must be frequently blown 
down, with attendant loss of water and 
heat. The extent of condenser leakage 
will depend mainly upon the rapidity of 
tube corrosion and the promptness of 
repairs. If the tube corrosion is rapid, 
the leakage will be large, as also will be 
the expenses of maintaining the condenser 
plant. A large leakage will cause a re- 
jection of practically all of the water of 
condensation of the entire plant. 

Thus with rapid tube corrosion, if con- 
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denser leakage is to be kept within reason- 
able limits the expense of condenser 
operation and repairs will be large, the 
condensers and _ the turbines 
will be more or less out of service, the 
boilers will have to be blown down and 
cleaned more frequently, and the net sav- 
ing in make-up water costs will be small, 


connected 





s > im. 








FIG. I 

or reduced to nothing or even worse. 
Tube corrosion and the rapidity of the 
corrosion of condenser tubes are the chief 
factors, then, in determining whether a 
surface condenser should ,be used in a 
turbine plant operating with corrosive salt 
circulating water. 

Much | study been given to the 
causes of tube corrosion, and to prevent 
or minimize it. 
a large extent closely related and inter- 
active, for convenience of consideration, 
may be classified as follows : 

Electrolytic action. 

Galvanic action. 

Chemical action. 

Mechanical action. 


has 


The causes, which are to 


ELECTROLYTIC ACTION 


In the neighborhood of direct-current 
railways with grounded returns, water, 
gas and other metallic conductors suffer 
corrosion by electrolysis at the surfaces, 
where the electric current leaves these 
conductors, through moist earth conduct- 
ing salts and solutions. By test it has 
been found, in the vicinity of electric- 
power plants suffering from condenser- 
tube corrosion, that the voltage of the 
pipes in the immediate vicinity was higher 
by 5 to 10 volts than the salt-circulating 
water. Also, even with very small differ- 
ences of potential, electrolysis of the most 
serious kind occurs. These differences 
of potential attacked the metal of the sur- 
face condenser, and it was reasoned that 
tube corrosion might be largely due to 
stray currents from the railway system. 
That is, the condenser parts and tubes 
formed the anode, and the metal dissolved 
at any point in proportion to the volume 
of stray current flowing at that point into 
the circulating. water. 

This action may be illustrated by a sec- 
tion of condenser tube, 4, Fig. ', where 
(CC represent the stray currents disrupt 
ing the tube metal and causing it to -dis- 


solve in the solution of  salt-circulating 
water IW, 
To protect the condensers from the 


effects of- electric-railway stray currents, 
and thus. minimizeor. eliminate electrol- 
ysis, three things have been done: 
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First, several joints of pipes connecting 
to the condensers have been electrically 
insulated by non-conducting gaskets and 
non-conducting washers and 
sleeves for bolts. This is illustrated by 
Fig. 2, where WW’, S and G, respectively, 


also” by 


represent the non-conducting washer, 
sleeve and gasket. 
Second, a portion of the circulating 


water pipes have been glazed on the in- 
side with a non-conducting enamel. 
(These first two methods depend upon 
the decreased current due to in- 
creased resistance. ) 


flow 


Third, the ground returns at the power 
house have been arranged to minimize 
the stray-current effects on the condensers. 

It is understood that by the use of 
these three agencies the corrosion of con- 
denser tubes has been in some few locali- 
ties practically eliminated; but in other 
localities thus protected, or so situated as 
not to be affected by electrolysis, the cor- 
rosion of tubes has gone on persistently, 
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FIG. 2 
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thus pointing to other sources of this 


trouble. 


GALVANIC ACTION 


This action may be caused by improper 
alloys of the tube metal, or by external 
_clectro-positive agencies conveyed by the 
circulating The most common 
alloys for condenser tubes are usually 
made of 60 to 70 per cent. copper and 
40 to 30 per cent. zinc, with perhaps I or 
2 per cent. of tin. 

If these two metals, copper and zinc, 


water. 


be immersed in a saline solution, S, Fig. ’ 


3, and an electrical connection made on 
the outside. between the two metals, as 
zinc is electro-positive to the copper it 
will dissolve in solution, or so-called gal- 
vanic action will take place. Using water 
obtained from the East river as the solu- 
tion, the difference of electromotive force 
between the copper and zine registered as 
high as 0.5 volt. 

If an external counter e.m.f. should be 
imposed on the copper-zine e.m.f., so as 
to uniformly overcome and = counterbal- 
ance it, and the current flow be reduced 
to zero, the zinc would not waste except 
through chemical or local action due to 
impurities in the zinc. 
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Applying these principles to the cor- 
rosion of condenser tubes made of copper 
zinc alloys, it is believed that in some 
cases the alloys are not properly made and 
the resulting tube is not an homogeneous 
alloy of copper and zinc. That is to say, 
the texture of the alloy is such as to ex 
pose on the surface of the condenser tub« 
mechanically mixed copper ‘.and 
These two metals exposed to the stimulat 


zinc 


ing presence of corrosive salt-circulating 
water set up an electro-voltaic action re 
sulting in the loss of zine from the con 
denser tubes. 

This action may be illustrated as in Fig 
4, where a section of the tube 7 is shown. 
with the circulating water II’, the 
Z and the copper C. 

To support this theory, tubes have been 
taken out of condensers which have lost 
large percentages of zinc from the tub: 
alloys. 


ZN 


The cavities have been in some 
cases elongated, tending to bear out this 
theory of galvanic action between the 
inetals composing the alloy. 

The remedies suggested or tried to stop 
or minimize electro-voltaic action caused 
by the tube composition may be classi 
fied as: 

5) 
single metals and care in manufacture. 

(2) Inserting in the tube pieces of 
metal electro-positive to the metals of the 
condenser tube. 

(3) Imposition of an outside e.m.f. in 
opposition to the e.m.f. of the tube. 


Special alloys, compositions, or 


Resutts oF TrraAts OF REMEDIES NAMED 

(1) Specially prepared alloys, with 50 
tu 75 per cent. of copper, 25 to 50 per cent 
of zinc, and with additions of a small per 
cent. of tin, commercially pure copper 
tubes, as well as lead, iron 
under various trade 
names, have been tried in the condensers 


and __ steel 


tubes, and alloys 





Zine 


























FIG. 3 


The result 
ing consensus of opinion is that, to meet 
the conditions, no tube known is supe! 


under New York conditions. 


to a tube containing approximately 70 
per cent. of copper and 30 per cent. of 
zine. 
(2) 
tect condenser tubes by inserting throu: 


Attempts have been made to pro 
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out the tubes strips of wrought iron, 


which metal is more electro-positive than 
zinc and under ordinary conditions will 
protect it, but these attempts have not 
been successful under the service condi- 
tions of New York power plants. 

(3) It has been suggested that the im- 
position of an outside counter e.m.f., with 











a flow of direct current of small volume 
from the circulating water, might com- 
pletely nullify or materially reduce the 
electro-voltaic action between the copper 
and zine of the tubes. Experiments on a 
commercial scale have been in progress 
for some time with no positive results. 


ELECTRO-VOLTAIC AcTION Dur to FoREIGN 
MATTER 

Undoubtedly tube corrosion is initiated 
and carried on in many, if not the most 
serious, cases by the action of foreign 
matter which is electro-negative to the 
tube metal. The circulating water enters 
the condenser and distributes more or less 
through the tubes. The mean 
velocity of the water at rated capacity is 
approximately 130 to 400 linear feet per 
minute. The skin friction of the tube re- 
duces the mean velocity to a much smal- 
ler velocity near the tube surface. Some 
of the tube may become slightly incrusted 
or clogged by pieces of waste, clay, oil or 


evenly 
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velocity effects, and the corrosive elements 
may adhere to any part of the circumfer- 
ential surface of the tube. 

In one case of serious tube corrosion, 
the corrosion, while occasionally on the 
top or side tube surface, appeared mostly 
on the bottom half of any particular tube 
affected, and near the end of the tube or 
places of support. On close examination 
of some tubes, sectioned horizontally and 
longitudinally, it was found that generally 
the tendency of the corrosion was for- 
ward in the direction of the circulating 
water and downward into the metal of 
the tube. Looking in one direction along 
the tube samples, the corrosion appeared 
like a fairly smooth erosion, while in the 
other direction the surface presented a 
series of cavities pointing into the metal. 
This is illustrated in Fig. 5, which shows 
an enlarged bottom section of a tube. The 
arrows indicate the direction of the cir- 
culating water flow. In Fig. 6 are shown 
photographs of sections of actual tubes. 
The top row of photographs were taken 
with the camera pointing in an opposite 
direction to the flow of water; the bottom 
row views in the direction of flow. 

The tube surfaces were in most cases 
covered at the point of corrosion with a 
blue scale, a salt of copper, and outside 
of this with a brownish scale containing 
iron. Ashes, coke and pieces of iron 
rust were taken out of this condenser. 
Fig. 7 illustrates the effects of a piece of 
coke lodged in the tube. 

Fig. 8 illustrates the action of de- 
zincification, together with the dynamic 
forces of the turbine exhaust. This tube 
was located so as to be struck by the ex- 
haust steam direct from the turbine, and 
the continual vibration of the steam, to- 
gether with the change of tube structure, 
caused the tube to break off at the left- 
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in line with that cited by Prof. A. Hum- 
boldt Sexton,* who, after much study 
and investigation of condenser tubes, con- 
cludes that the most active corrosion of 
brass tubes of approximately 70 per cent. 
copper and 30 per cent. zinc is due to for- 
eign substances, electro-negative to the 
brass, conveyed by the circulating water. 


Section of Tube 








REMEDIES FOR CORROSION CAUSED BY 
FoREIGN MATTER 


(1) <All remedies must depend upon 
securing water as free as possible from 
coke, iron rust and similar electro-nega- 
tive particles. 

(2) When 


high velocity of water may sweep them 


particles are brought in, 
through the tubes. 

(3) When shut down, the condensers 
completely 
with 


should be emptied of salt 


water, and flushed fresh water if 


practicable. 


CHEMICAL ACTION 


Chemical action is due to the mixture 
of the salt circulating water with effluent 
from chemical works, organic matter 
from sewers, or other polluting discharge. 
These chemical interactions of the mixtures 
are such as to produce acids, gases, in addi 
tion to oxygen and carbon dioxide usually 
carried by the water, and other chemically 


corrosive agents. When introduced into 
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FIG. 7. 


other dirt, all of which may reduce the 
Velocity of the water next to the tube 
‘face to a point where electro-negative 
particles, such as coke, carbon and iron 


rust, may come to rest on the tube and 
cause rapid corrosion by electro-voltaic 
action. Mechanical or capillary attrac- 
tt may overcome gravity and low- 


hand end. In many condensers the tubes 
are nested too closely together, with no 
suitable provision for 
formly, over the surface of condensation. 
Fig. 9 illustrates a tube split longitudi- 
nally. This may be due to defects in 
manufacture, combined with those of use. 
The experience illustrated in Fig. 5 is 


distribution, uni- 


SHOWING PERFORATION EVIDENTLY CAUSED BY LODGMENT OF A PIECE OF COKE 


the condenser and heated, these may be 
especially active in causing incipient cor- 
rosion, and very materially aid in the 
electro-voltaic action. 

In some power stations the idle turbines 
are held ready for emergency starting by 


*Engineering Magazine, November, L005. 
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allowing a small amount of steam to pass 
through the turbine to maintain tempera- 
ture conditions comparable to those when 
operating. This steam passes through 
into the idle surface condenser and heats 
the residuum of circulating water resting 
in the tubes. This may produce hydro- 
chloric acid and, together with the heat 
and particles left in the tubes, cause initial 
corrosion to take place, especially on the 
bottom of the tube, although, as before 
mentioned, by capillary action globules 
of water may hold corrosive elements sus- 
pended or attached indifferently on the 
top and sides of the tube, and corrosion 
may oecur at any part of the circumfer- 
ential surface of the tube. 


REMEDIES 

(1) The presence of gases, and espe- 
cially of oxygen, are conducive to rapid 
corrosion and it is proposed in one plant 
to remove a portién of these gases from 
the circulating water by attaching an air- 
pump connection to the suction pipe of the 
circulating pump. This method has been 
used successfully in reducing the gases 
occluded by the cooling water under other 
conditions and requirements. * ' 

(2) As previously stated, ‘on shutting 
down the condenser, flush it with fresh 
water when practicable. 


MECHANICAL ACTION 


This is not as important in tube cor- 
rosion, except in rare cases where the 
erosion of. material passing through the 
tubes may lend aid to the lodgment of 
corrosive elements. 


SUMMARY OF CONDENSER-TUBE CORROSION 


First, as the result of much experience 
with tubes made of various simple metals 
and: alloys, the tubes made of an alloy 
containing approximately 70 per cent. cop- 
per and 30 per cent. zinc are regarded as 
commercially equal or superior to any 
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but it is caused more especially by the 
electro-chemical action of polluted solu- 
tions carrying electro-negative particles 
and gases. 

These corrosive effects may be reduced 
by securing an alloy composed approxi- 
mately of 70 per cent. copper and 30 per 
cent. zinc; by higher velocity of the cir- 
culating water through the tubes; by 
flushing and cleaning the condenser tubes 
with fresh water on shutting down, when 
practicable. 

Severe Cases 1N New York 

In some cases the severity of tube cor- 
rosion in New York City has made it 
recessary to plug or replace 30 to 40 per 
cent. of the total tubes in a condenser in 
one year. In the most favorable cases 
of new power plants with condensers in 
service from one to three years, the con- 
denser corrosion has caused a tube loss 
of from I to 3 per cent. Under all con- 
ditions of corrosion in the large power 
plants, where it is attempted to use the 
hot-well water for boiler feed, the con- 
denser leakage has caused most serious 
and increasing concern as the condenser 
tubes aged. Notwithstanding this leak- 
age, however, attempts have been made, 
and are still in progress, to use the hot- 
well water from the surface-condenser 
system as a whole. 

To accomplish this in some large elec- 
tric-power plants, a limit has been experi- 
mentally set on the number of grains of 
salt per gallon contained in the hot-well 
water of each condenser. This limit is 
set at 10 grains of salt per gallon in one 
plant and tests are made and recorded 
every hour by the silver-nitrate method.* 
If the limit set is exceeded by the hot- 
well water from any condenser this water 
is rejected. Hourly records are made of 
the mixture of hot-well and make-up 
water, and a limit set of Io grains of salt 
per gallon. Six grains is rarely exceeded, 
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FIG. 8. A 


tube material for service with corrosive 
salt water. 

Second, the effects of outside stray cur- 
rents, or electrolysis, may be practically 
eliminated by proper precautions. 

Third, severe tube corrosion by electro- 
voltaic and chemical action may be caused 
to some extent by improper tube texture, 


TUBE WHICH BROKE OFF 


FROM STEAM IMPACT 
however. Hourly records are also kept 
of the concentration of salt in the boilers, 
and this is limited to 50 grains. 

In other large and active plants, after 
considerable experience, the practice is to 
discharge all hot-well- water containing 


*“Stillman’s ‘Chemistry for Engineers.” 
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more than a small percentage of. salt in 
excess of ordinary condenser leakage, or 
three to four grains per gallon. In the 
large and active electric-power plants of 
New York City condenser-tube. corrosion, 
with the attendant uncertainties of exces- 
sive condenser leakage at: any time, has 
been such. that. conservative practice has 











SPLIT IN. BRITTLE TUBE 


FIG. 9. 


caused the rejection of a large proportion 
of the hot-well water. 

It may be stated that almost without 
exception, even in the new and actively 
operated turbo-electric power plants, the 
surface condensers have not materially re 
duced the water bills. In the new plants 
for a short period the condenser leakage 
has been sufficiently small to permit the 
return of the hot-well water to the boil- 
ers; but usually it is only a short time 
before serious tube corrosion, rapid and 
uncertain, occurs and the hot-well water 
must be rejected, or used for boiler feed, 
with undue risks to the boiler plant. 

The average per cent. of tubes corroded 
does not tell the whole story, for although 
this may be moderate, the attending un- 
certainties are large and sudden leakages 
may lead to trouble in other parts of the 
plant which will more than offset any 
saving in the make-up water bills. 

Under the present prevailing operating 
conditions in the large surface condenser 
plants of New York, little can be said in 
favor of installing surface condensers 
with the object of securing net economies 
over a term of years by reduction in cost 
of the make-up water required. How- 
ever, on account of the attractive possi- 
bilities in reducing make-up water bills, 
careful records of all 
known factors are now in progress by th 
managements of several condenser plants 
It is hoped out of these systematic studies 
on a commercial:scale may come new and 
helpful information. 


and examination 


FACTORS WHICH ENTER INTO THE SAVING 

In the diagram, Fig. 11, based on 1000 
kilowatt capacity and a station water rate 
of 16 pounds of steam per kilowatt-hour, 
are shown the annual gross savings to be 
the total a 
water for various annual load factors of 
plant and various costs of water per thou- 


realized from recovery of the 
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sand cubic feet. Among factors other 
than the cost of make-up water affecting 
the choice of condensers may be men- 
tioned adaptability of design, first cost, 
annual charges, including operation and 
repairs, degree of vacuum at the turbine 
outlet, annual plant-load factor, hot-well 
temperature, blow-off losses, and the com- 





Vacuum at Tarbine Outlet 
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cbserved that the installed cost of the 
surface condenser is about 50 per cent. 
higher than the cost of the barometric 
condenser. 

The general practice is to base con- 
denser equipments on 28 inches of vacuum 
and 70-degree cooling water, and for 
these conditions the cost of the surface 
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parative auxiliary power required. Each 
of these factors will be briefly reviewed in 
a general way. Local conditions and 
special details will determine the import- 
ance of each, but relatively they are of 
small importance compared with . con- 
denser leakage and tube corrosion. 

By adaptability to design, is meant the 
compactness and convenience with which 
the special condenser equipment consid- 
ered enters into the power-house design 
as to space and position occupied. The 
surface condenser may be conveniently 
placed in the basement and directly con- 
nected to the turbine outlet. The induc- 
tion type of condenser with the tail-pipe 
pump may be so located, but requires 
usually more power for pumping the ‘cir- 
culating water. 

The barometric or elevated-jet con- 
denser projects above the operating floor 
with a comparatively long and large ex- 
haust pipe. The exhaust pipe in a late 
design known as the “Beacon” type en- 
velops the condenser proper and presents 
a compact and neat appearance. Usually 
there is plenty of head-room provided 
and no additional building expense need 
be incurred if the barometric condenser 
is installed rather than the 
condenser. 


surface 


APPROXIMATE First Cost 


lhe approximate total first cost, in- 
stalled, of the barometric and of the sur- 
‘ace condenser equipments are plotted in 
Fig. 10, for vacua varying from 26 inches 
(4 inches absolute) to 28 inches (2 inches 
absolute). These costs are based on con- 
Genser equipments adapted to salt cooling 
water and include foundation piping, erec- 
ton and organization costs. It will be 
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condenser installation is $9 per kilowatt, 
as against a cost of $6 per kilowatt 
for the barometric. These figures are ap- 
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per cent. on the barometric- and 15 per 
cent. on the surface-condenser cost, in- 
stalled. As the corrosive conditions be- 
come more severe the annual charges will 
increase for the surface condenser, while 
the charge for the barometric will remain 
practically constant. 

The annual charges per 1000 kilowatts 
at $9 per kilowatt, and 15 per cent. for 
surface condensers, amount to $1350, and 
for the barometric condenser, at $6 per 
kilowatt, and 12 per cent., $720, or an 
annual charge in favor of barometric con- 
densers of $630. This difference is indi- 
cated in Fig. 11 by a broken line E. A 
higher vacuum at the turbine outlet may 
be shown with the surface condenser than 
with the barometric condenser. - Under 
equally good conditions of design and in- 
stallation this difference should not ex- 
ceed one-quarter of an inch in favor of the 
surface condenser. 

In Fig. 11 are shown, on the basis of a 
net saving of 0.56 pound of steam per 
kilowatt-hour per inch of vacuum, and an 
evaporation of 10 pounds per pound of 
coal, the amounts saved per annum per 
1000 kilowatts per one-quarter inch of 
vacuum for various load factors and 
prices of coal per long ton. 

Deducting the amount saved by the 
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proximately correct and will serve for 
further comparison. 


ANNUAL CHARGES 
The annual charges on the condenser 
costs under moderately corrosive condi- 
tions, including the labor and material 
for operation and repair, are placed at 12 
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surface condenser by the gain in one- 
quarter inch of vacuum for any annual 
load factor and cost of coal from the 
$630 annual-charge balance, the differ- 
ence represents the credit in favor of the 
barometric condenser as far as annual 
charges and vacuum saving are concerned. 

There may be a gain due to hot-well 
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temperature excess over that of the city 
mains, but under the average conditions 
of New York City this advantage has not 
been generally realized. 

The boiler-operation and repair ex- 
pense may be greater or less, depending 
upon the purity of the make-up water, 
but in general this is not materially 
affected under average operating condi- 
tions. 

The difference in auxiliary power re- 
quired by the two systems of condensers 
will depend mainly upon the power re- 
quired to circulate the cooling water and 
‘nay be greater for one or the other sys- 
tem. With properly designed auxiliary 
inits the exhaust steam from, them may 
he utilized for the heating of the feed- 
water and the comparative auxiliary 
power should not materially influence the 
choice of the condenser equipment. 

It may be said in conclusion that up to 
the present the weight of operating ex- 
perience has not shown a net economy of 
surface-condenser plants as an 
ment over jet-condenser plants. This 
points to careful consideration of the 
probable corrosion of condenser tubes in 
any locality where a new plant is to be in- 
stalled under conditions similar to those 
prevailing in New York City, before de- 
ciding to use surface condensers. 


invest- 





Some Notes on Switchboard 
Operation in Alternating- 
current Stations 


By H. R. Mason 


There are many points in the operation 
of alternating-current station  switch- 
boards which appear almost insignifi- 
cant upon first consideration, but 
which those who have trifled with 
them can testify to be productive of 
disastrous results. One of the most 
important of the precaution 
of always removing — synchronizing 
plugs from their receptacles when 
through using them. It might appear that 
neglect of this could make no particular 
difference, but the fact is that if the plugs 
are left in place in the circuits of ma- 
chines which are not running, they may 
cause serious if not fatal shocks and 
burns to attendants working on _ oil 
switches or other apparatus which is sup- 
posed to be cut out and perfectly safe, 
or the burning out of the transformers 
which supply current for the operation 
of the synchronizing devices. These acci- 
dents are possible by the passage through 
the plugs of low-tension current which 
will be stepped up in the instrument trans- 
formers of the machine which is not run- 
ning. 


these is 


If the transformers are so con- 
nected that the current from them has a 
path through the idle generator, the volt- 
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age will drop to a harmless value, but 
the instant any part of the generator cir- 
cuit is opened, the voltage will rise to 
approximately that of the high-tension 
line which the generator serves. 

The initial current involved is very 
small, but one-eighth or one-tenth of an 
ampere is usually enough to produce fatal 
results to human beings, and the trans- 
formers are easily damaged on account of 
the smallness of the wire used in their 
construction. Further, the transformers 
and their cut-outs are often crowded into 
odd spaces between the high-tension ca- 
bles, where trouble starting in them quick- 
ly spreads to adjacent apparatus, and 
may thus cause more serious damage. 
On occasion, which _ illustrates 
this possibility, a repair man was 
moving an instrument transformer, and 
did not take sufficient care when he con- 
nected it up again, connecting the high- 
tension line leads to the secondary of the 
transformer, and the low-tension leads 
to the primary. When he undertook to 
replace the cut-outs, the short-circuit was 
so severe that it caused the high-tension 
leads to burn in two, falling across the 
studs of a set of feeder switches near by. 
This started an arc between them which 
did great damage and made it necessary 
to open all the generator switches before 
the damaged section could be isolated. 

In some cases, voltmeter plugs may be 
manipulated in such a manner as to cause 
trouble. They are sometimes made ex- 
actly rectangular, with four contacts, and 
a quarter turn when inserting them will 
short-circuit the voltmeter leads instead 
of closing the circuit through the instru- 
ment. Again, one. voltmeter is 
used to obtain readings on a three-phase 
circuit, a long, narrow plug is often pro- 
vided, having two contacts, and is sup- 
posed to be inserted vertically. If the 
holes in the receptacle are equidistantly 
spaced, the voltmeter leads will be short- 
circuited if the plug is inserted horizon- 
tally. Another condition which is not as 
unusual as it should be is that two or more 
types of plugs may be necessary for dif- 
ferent circuits on the same switchboard, 
the holes being spaced uniformly in all 
the receptacles. This plan may bestow a 
slight esthetic symmetry upon the switch- 
board or blueprint, but it reaps a rich 
harvest of vituperation when instrument- 
transformer fuses are blown at critical 
moments through hasty selection of plugs. 


one 


when 


It is usually a rather serious matter to 
replace instrument-transformer fuses. As 
generally installed, the main switches on 
the distribution circuits would have to be 
opened to cut the current ‘off from the 
fuse-blocks, as switches are seldom if ever 
provided in small transformer leads, and 
there are few station managers who will 
tolerate interference with the service for 
so slight a cause. It is often necessary to 
take screws out of terminals carrying a 
potential of thousands of volts, and the 
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least carelessness or clumsiness means 
agonizing burns or death, as the best of 
rubber gloves are of no protection against 
a severe high-tension short-circuit. In 
other cases the fuses are fastened on re 
movable porcelain plugs, which generally 
crack when the fuse is blown, and expose 
the person who replaces them to great 
danger if the short-circuit still exists, as 
the arc may be so violent as to destroy 
the whole fuse-block and spread to other 
circuits if any are near. 

The current transformers, which deliv 
er current to operate the ammeters, cir 
cuit-breaker relays, wattmeters, etc., sel 
dom give trouble. There are no fuses pro 
vided in connection with them, but their 
particular fault is that they will become 
dangerously hot if a heavy current passes 
through them when the secondary circuit 
is open. If it becomes necessary to re 
move instruments from the secondary cir- 
cuit of a current transformer, the leads 
should always be short-circuited, as_ the 
transformer will act as a choke coil and 
reduce the line voltage sometimes serious 
ly if the secondary circuit is left open, 
besides inducing a high voltage in the 
secondary and running the magnetic den 
sity too high in the core, thus causing 
over-heating at that point. No damage 
can result from short-circuiting the sec 
ondaries of current transformers as. the 
wattage, upon which the heating effects 
depend, is only that between the ter 
minals of the primaries, and is very small 
and easily dissipated. If they must be re 
paired or replaced, however, it is even a 
more serious matter than in the case of the 
potential transformers, as the main -cir 
cuits must invariably be opened in order 
to work on them. 

In most of the large alternating-current 
plants recently installed, remote-control 
switchboard apparatus is used, and the re- 
duction in the size of the panels made 
possible by the use of miniature pilot 
switches permits the use of an exceed 
ingly compact switchboard, which is an 
advantage from almost every point of 
view. The man in charge has in plain 
sight the operating instruments of a larg: 
number of units at one time, but the very 
fact that the. pilot switches are so close to 
each other has got more than one operator 
into hot water. The switches are all ex 
actly alike, and their deceptive smallness 
may: beguile a green or careless operator 
into synchronizing a machine carefull) 
and then trying to close a switch that is 
already closed, or, alas, closing one on 4 
This ha: 
happened, of course, even in direct-cur 
rent stations having the largest and plain 
est of switchboards, which only empha 
sizes the necessity for caution in the s 
lection of the proper switches where op 
erating conditions are more trying. 

A prolific source of annoyance and dam 
age is in the almost superhuman care re 
quired in making changes in three-phase 


machine which is not running. 
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circuits to insure that the circuits have 
heen connected again properly. In recon- 
necting oil switches and similar apparatus 
involving all three wires, it is very easy 
to get two of them crossed, and this in 
generator leads brings about a condition 
resembling that of reversing the polarity 
of direct-current generators, only more 
severe if possible, because alternators are 
seldom provided with automatic circuit- 
breakers. The resultant reactions between 
three-phase generators so connected will 
destroy them in short order if they are 
not cut apart, as they practically exert 
their maximum effort in opposite direc- 
tions every cycle. There is little, if any, 
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certain three-phase generator circuit, and 
was connected to the same transformer 
which operated the synchroscope. The 
wattmeter ran in the wrong direction, and 
the transformer leads were transposed to 
correct it while the generator was in ser- 
vice. The next time the generator was 
cut in, it caused a commotion which in- 
terrupted the whole service, and a careful 
checking over of the connections disclosed 
the fact that when the synchroscope indi- 
cated the proper relation of phase for 
cutting-in, the generators really were 60 
degrees out of phase with each other. The 
instrument transformer was connected be 
tween line and ground on a star-connected 
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in charge of the work can hardly afford 
to send a messenger perhaps many miles 
so they can have current cut in for a 
few minutes for testing or phasing pur- 
poses. Some sad blunders have been 
made, and in some cases the persons really 
responsible for them have repudiated all 
connection with them, shouldering the 
blame upon those who were doing their 
part properly in carrying out instructions 
which, through no fault of theirs, were 
wrong. The telephone system is about 
all that is available in most cases, and 
must be employed, but even with the ut- 
most care there is always a strong pos- 
sibility of an accident for which it is 
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tendency for them to remain in step and 
pull steadily upon each other, and the 
alternating stresses put upon the mechan- 
ism with such suddenness produce very 
destructive results. 

When changes are made in instrument- 
transformer circuits, too much care can- 
not be taken to make sure of their cor- 
rectness, especially if the circuits operate 
the synchronizing apparatus. When any 
changes whatever have been made in the 
synchronizing circuits, they should be 
checked by independent transformers so 
connected that they cannot be confused, 
after the last touch has been given them. 
As an instance of the importance of this, 
a new wattmeter had been installed in a 
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SWITCHBOARD 


circuit with a grounded neutral, and the 
result was achieved by changing the line 
lead from one phase to another. 

One of the most vexatious problems 
concerned in operating a high-tension sta- 
tion is that of fixing the responsibility 
for cutting in outside circuits upon which 
men are working. This has the 
cause of many disputes ever since the use 
of electricity began, but has become acute 
with the advent of the present high-ten- 
sion systems. A conscientious operator 
hesitates to chance cutting in a high-ten- 
sion circuit upon a telephone order which 
may easily be misunderstood and cannot 
well be verified, or may have been issued 
by some irresponsible person; still, those 


been 


CONNECTIONS OF THE PLANT 


hard to determine the responsibility, ow 
ing to the absence of records or witnesses. 
It would seem an excellent rule for those 
who are working on high-tension lines to 
always keep the wires short-circuited or 
grounded when working on them, so that 
if accidentally connected up to a generator 
the safety devices at the station would 
operate and no one would be injured. 





It is 
valves 


not necessary to take large gate 
apart to clean out the mud that 
goes in with the steam from a foaming 
boiler. Open and shut the valve a few 
times while water is running through it. 
This can be done safely only when there 
is no pressure on the boilers. 
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The Curtis Steam Turbine in Practice 


How to Determine if Clearance Between Buckets and Intermediates 
Is Right; the Safety-stop, Valve-gear, Governor and Stage Valves 
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To determine whether the clearance is 
right, one of the two-inch plugs is taken 
out and some marking material, such as 
red lead or anything that would be used 
on a surface plate or bearing to mark the 
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high spots, is rubbed on the taper gage, 
and it is pushed into the gap between the 
buckets and intermediates as far as it 
will go, and then pulled out, the marking 
on the gage showing just how far in it 
went, and the nearest mark giving in 
thousandths of an inch the clearance. 
This is noted, the marking spread again, 
and the gage tried on the other side, the 
difference on the gage showing whether 
the wheel is high or low. Whichever may 
be the case the hight is corrected by the 
step-bearing screw. The wheels should 
be placed as nearly in the middle of the 
clearance space as possible. By some 
operators the clearance is adjusted while 
running, in the following manner: With 
the machine running at full speed the 
step-bearing screw is turned until the 
wheels are felt or heard to rub lightly. 
The screw is marked and then turned in 
the opposite direction until the wheel 
rubs again. Another mark is made on 
the screw and it is then turned back mid- 
way between the two marks. Either 
method is safe if practiced by a skillful 
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engineer. To an inexperienced man the 
taper gages would seem preferable. In 
the hands of a man who knows what he 
is doing and how to do it, a tapered pine 
stick will give as satisfactory results as 
the most elaborate set of hardened and+ 
ground clearance gages. 

Referring back to Fig. 10, in the previous 
article of this series, at A is shown 
one of the peep-holes opposite the inter- 
mediate in the third stage wheel for the 
inspection of clearance. The taper clear- 
ance gage is inserted through this hole 
both above and below the intermediate, 
and the distance which it enters registers 
the clearance on that side. This sketch 
also shows plainly how the shrouding on 
the buckets and the intermediates extends 
beyond the sharp edges of the buckets, 
protecting them from damage in case of 
slight rubbing. In a very few cases wheels 
have been known to warp to such an ex- 
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tent from causes that were not discovered 
until too late, that adjustment would not 
stop the rubbing. In such cases the 
shrouding has been turned or faced off 
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by a cutting-off tool used through the 
peep-hole. 


Carson Packinc USED 
Where the shaft passes through the 
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upper head of the wheel-case some pro- 
vision must be made to prevent steam 
from the first stage escaping. This is 
provided for by carbon packing, Fig. 12, 
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which consists of blocks of carbon in sets 
in a packing case bolted to the top head 
of the wheel-case. There are three sets 
of these blocks, and each set is made 0! 
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two rings of three segments each. 
ring of segments breaks joints with its 
. mate in the case, and each set is separated 
P from the others by a flange in the case 
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The circle is held together by a bronze 
strap screwed and drawn together -at the 
ends by springs. Still other springs press 
the straps against the surface upon which 
the carbon bears, cutting off leaks through 
joints and across horizontal surfaces of 
the carbon. The whole ring is prevented 
from turning by a connecting-rod which 
engages a pin in the hole, like those pro- 
vided for the springs. 


THE SAFETY-STOP 
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on the lower end of the crosshead. Each 
crosshead is actuated by a pair of recipro- 
cating pawls, or dogs (shown more 
plainly in the enlarged view Fig. 18), 
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FIG, 


one of which opens the valve and the 
The several pairs of 
pawls are hung on a common shaft which 
receives a rocking motion from a crank 
driven from a worm and worm-wheel by 
The crossheads have 
in which the 
pawls engage to open or close the valve, 


being determined by 


what are called shield plates, A, Fig. 18, 
the 


governor, 
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There are several designs of safety-stop 
or speed-limit devices used with these tur- 
bines, the simplest being of the ring type 
e shown in Fig. 13. This consists of a flat 
ring placed around the shaft between the 
turbine and generator in a slightly ec- 
centric position. The centrifugal strain 
due to this eccentricity is balanced by 
FIG. 15 helical springs. But when the speed in- 
creases the centrifugal force moves the 
in which it is held. In some cases the ‘img into a still more eccentric position, 
packing is kept from turning by means of when it strikes a trigger and releases a 
a link, one end of which is fastened to weight which, falling, closes the throttle 
the case and the other to the packing and shuts off the steam supply. The basic 
holder. Sometimes light springs are used principle upon which all these stops are 
to hold the packing against the shaft and designed is the same—the centrifugal 
in some the pressure of steam in the case force of a weight balanced by a spring 
™ does this. There is a pipe, also shown in at normal speed. Figs. 14, 15 and 16 
n Fig. 12, leading from the main line to the show three other types. 
is packing case, the pressure in the pipe be- other closes it. 
2, ing reduced. The space between the two THE MECHANICAL VALVE-GEAR 
upper sets of rings is drained to the third Fig. 17 shows plainly the operation of 
stage by means of a three-way cock, which the mechanical valve-gear. The valves are 
keeps the balance between the atmosphere located in the steam chests, which are the turbine shaft. 
and packing-case pressure. The carbon bolted to the top of the casing directly notches milled in the side 
rings are accurately fitted to the shaft and over the first sets of expansion nozzles. 
very soon get a smooth finish, which is not The chests, two in number, are on oppo- this engagement 
cnly practically steam-tight but friction- site sides of the machine. The valve- 
less. stems extend upward through ordinary which are controlled by 
nn 
— 
| +) 
| |L= 
re &, 
_ogasbe RN 
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| ‘eic = eayeay// 
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FIG. 17 
ts The carbon ring shown in Fig. 12 is a_ stuffing-boxes, and are attached to the 
ad new design. The segments are held notched crossheads by means of a 
ts against the flat bearing surface of the threaded end which is prevented from closing of the valves. 





se by spiral springs set in brass ferrules. 








screwing in or out by a compression nut 


These plates are set, one a little ahead of 
the other, to obtain successive opening or 
When more steam 
is required the shield plate allows the 
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proper pawl to fall into its notch in the 
crosshead and lift the valve from its seat. 
If less steam is wanted the shield plate 
rises and allows the lower pawl to close 
the valve on the down stroke. 

The valves, as can easily be seen, are 
very simple affairs, the steam pressure in 
the steam chest holding the valve either 
open or shut until it is moved by the pawl 
on the rock-shaft. The amount of travel 
on the rock-shaft is fixed by the design, 
but the proportionate travel above and 
below the horizontal is controlled by the 
length of the connecting-rods from the 
crank to the rock-shaft. There are be- 
sides the mechanical valve-gear the elec 
tric and hydraulic, but these will be left 
for a future article. 


‘THE GOVERNOR 


The speed of the machine is controlled 
by the automatic opening and closing of 
the admission valves under the control of 
a governor, Fig. 19, of the spring-weighted 
type attached directly to the top end of 
the turbine shaft. The action of the gov- 
ernor depends on the balance of force ex- 
erted by the spring, and the centrifugal ef- 
fort of the rectangular-shaped weights at 
the lower end; the moving weights acting 
through the knife-edge suspension tend to 
pull down the lever against the resistance 
of the heavy helical spring. The governor 
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switchboard. This spring should be used 
only to correct slight changes in speed. 
Any marked change should be corrected 
by the use of the large hexagonal nut in 
the upper plate of the governor frame. 




















FIG. 19 


This nut is screwed down to increase the 
speed, and upward to decrease it. 


THe StaGE VALVES 


Fig. 20 represents one of the several 
designs of stage valve, sometimes called 


















































is provided with an auxiliary spring on 
the outside of the governor dome for 
varying the speed while synchronizing. 
The tension of the auxiliary spring is 
regulated by a small motor wired to the 


the overload valve, the office of which is 
to prevent too high pressure in the first 
stage in case of a sudden overload, and 


to transfer a part of the steam to a special . 


set of expanding nozzles over the second- 
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stage wheel, thus relieving the pressure 
in the first stage and using the steam in a 
lower stage to hasten the speed of the ma- 
chine. This valve is balanced by a spring 
of adjustable tension, and is, or can be, 
set to open and close within a very small 
pre-determined range of first-stage pres- 
sure. The valve is intended to open and 
close instantly, and supply to or cut off 
steam from the second stage, without ai- 
fecting the speed regulation or economy of 
operation. If any leaking occurs past the 
valve it is taken care of by a drip-pipe to 
the third stage. 





Cheap Power 


The manufacturers in a little Canadian 
town rejoicing in the name of Medicine 
Hat are reveling in what is probably the 
cheapest power supply in the world. Ex- 
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Drip-pipe 











Third Stage 


FIG. 20 


tensive natural-gas fields are owned by 
the municipality and the supply is so 
abundant that gas for industrial purposes 
is sold for 5 cents per 1000 cubic feet. 
The gas has a calorific value of about 1100 
B.t.u. per cubic foot, and consists almost 
entirely of methane, or “marsh gas” 
(CH,s). Used in an engine having an 
economy of 11,000 B.t.u., which is a liberal 
allowance, the cost of fuel would be one- 
twentieth of a cent per brake horse-power 
hour. 





The students of the civil, mechanical 
and electrical departments of engineer 
ing at the Michigan Agricultural College, 
Lansing, Mich., have organized an engi 
neering society, to hold weekly meetings, 
at which will be presented by 
members of the college teaching force, 
or prominent engineers engaged in prac 
tical work. ‘ 
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The Specific Heat of Superheated Steam 


Results of the Experiments by Peake and Thomas, with the Author’s 
Conclusions as to Methods to Employ in Future Investigations 





BY PROF. 


Another investigator by these same 
methods is Peake, whose results are pub- 
lished in the Proceedings of the Royal 
Society of London, 1903 A, No. 500. 
Peake seems to have carried the fault of 
dependence upon Regnault’s values to its 
possible extreme. His measurement of 
all pressures recorded was made by means 
of mercuric thermometers, interpreted by 
means of the steam table. His efforts 
to exclude error seem to have been less 
than those of any other observer—except- 
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showed the use of apparently dry steam; 
Grindley plainly had some moisture on 
hand; Peake’s data throw no light on this 
question. (It is obvious that the present 
writer must have made some assumptions 
before these several probabilities could be 
made to accord sufficiently to derive any 
values for S, whatever. To this fact he 
desires to confess. ) 

It was mentioned at an earlier point 
that Dodge also made observations by 
means of a throttling calorimeter. He 


TABLE 8. 
Temp. Deg. Fahr. 230 240 260 280 300 320 340 350 


Value of Sp .... 


ing possibly Dodge, who placed his reli- 
ance for the reduction of error to insig- 
nificance upon the use of enormous quan- 
tities of steam. Peake’s equations for 
computation are also open to some ques- 
tion. Nevertheless, Peake’s data, when 
plotted upon the same sheet with Grind- 
ley’s and Griessmann’s, seem to fall into 
consistence with Grindley’s and with 
themselves better than do Griessmann’s. 
The observations permit straight-line 
curves for the wire-drawing processes, 
with very little smoothing. The straight 
lines are bent slightly toward the right 
at their lower ends, much as _ are 
Grindley’s. 

Peake concludes that the variation of 
Sp with pressure is negligible, but that 
its variation with temperature is as shown 
in Table 8. The writer has not had the 
time to re-compute the value of Sp from 
Peake’s data at all points, but from the 
shape of the curves and from the few 
points investigated he would say that 
Peake’s values should coincide closely 
with those of Grindley, throughout the 
major range of Table 8. The substitution 
of Peake’s highest-pressure curve for 
Grindley’s (which latter is the poorest of 
his set), however, gives the values, in 
the range affected, shown in Table 9. 
This table (9) shows a greater consist- 
ency even than does Table 7, although 
there is no greater probability of its being 
more nearly correct. According to it, 
Sp increases with both pressure and 

“iperature of superheat. 

It will be noted that in any diagram 

ch as Fig. 3, from which Tables 7 and 

were drawn, there must be great doubt 

s to the value of total heat to be ascribed 

any curve. All of the observers whose 

sults are plotted there assumed Reg- 
ult’s values to be correct. -Griessmann 


.-. 0.43 0.44 0.47 0.53 0.61 0.75 0.91 1.00 


does not report the data of these experi- 
ments in his paper, and so it is impossible 
to plot them upon Fig. 3, for direct com- 
parison with Grindley’s, Griessmann’s and 
Peake’s. Dodge concludes, however, that 
Sp does not vary with the temperature 
and states his result in the form of the 
straight-line formula: 

Sp = 0.4754 4- 0.00031 2, 
wherein P is the absolute pressure in 
pounds per square inch. 

Excepting Professor Thomas, the latest 
one to report elaborate investigation, this 
ends the list of observers by the method 
of throttling. The one other work deserv- 
ing mention is that of Knoblauch, Linde 
and Klebe, of the Verein Deutscher In- 
genieure, who report their results in the 
Zeitschrift for 1905, page 1697. These 
investigators directed their attention pri- 
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slight decrease with increasing tempera- 
ture. Linde gives the comparison of his 
results, shown in Table 10 (based upon 
Regnault’s 0.48 at atmospheric pressure 
and temperature), with those of Griess 
mann and Lorenz. Linde’s general for 
mula for the value of S> is: 


Sp = 9.01 47.1 + 0.211 P (1 + 0.000000 14 P) 


0.0558 ( 673 y*{ 
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wherein P is the absolute pressure in 
pounds per square inch and 7 is the abso 
lute temperature in Fahrenheit degrees. 
According to this, the increment in Sp» va- 
ries directly almost as the square of the 
pressure and inversely as the fourth power 
of the absolute temperature. 

The last observer to be mentioned, Prof. 
Carl C. Thomas, of Ithaca, N. Y., is per- 
haps the most important one. He alone of 
all investigators publishes complete, con 
sistent and absolute values of Sp» for all 
usual pressures and temperatures. The 
estimate of the accuracy of his work, how 
ever, will have to await the lapse of 
farther time. Professor Thomas must be 
patient with the engineering world if, 
after experiencing the above array of in- 
complete, inconsistent and suspicious re 
sults, from the best laboratories of the 
world, it is skeptical of his actual solu 
tion of so difficult a problem as this has 
proven to be. 

Professor Thomas reports his work in 
a paper presented to the American So 


TABLE 9. 


Pressure: Lbs. per sq.in. by gage. 


40 50 60 | FW 80 90 





Temp. Deg. Fahr. Atm. | 10 20 | g | 
300 0.65 0.63 0.62 | 0.61: | 0.62 
310 0.70 | 0.68 | 0.66 | 0.64 | 0.63 | 0.65 
320 | 0.73 0.70 0.68 | 0.68 0.70 0.70 
330 0.72 | 0.75 0.75 0.75 | 0.76 0.78 
340 | 


marily toward the volume-pressure-tem- 
perature relations of dry-saturated and 
superheated steam, working by the very 
difficult but illuminating method of the 
constant - volume chamber. Incidentally, 
their work threw some light upon the 
variation of the specific heat of steam gas 
with pressure and temperature, though 
none upon its absolute value. This aspect 
of their work is discussed by Linde alone, 
in a separate article (page 1743, same 
volume), who finds a considerable in- 


crease with increasing pressure. and a 


0.78 0.81 0.81 0.80 


ciety of Mechanical Engineers at its meet 
ing early in December, 1907. For the de 
tails of his work the reader is referred to 
Briefly, Pro 
fessor Thomas describes himself as_ the 


the society's Transactions. 


latest inheritor of the traditions and ex 
perience of the long series of experimen 
ters who worked under the guidance and 
inspiration of Professor Carpenter, of 
Cornell. He ascribes his success to his 
profiting by their previous failures. 

It was this method of approach to the 
problem which led to the abandonment of 
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the throttling method in favor of a con- 
tinuous calorimeter in which heat was 
supplied to the steam from an electrical 
source under ready control and accurate 
determination. Measurement of tempera- 
ture was made by the thermo-electric 
couple, being the most accurate and re- 
liable means discovered, after several years 
of preliminary experiment. No special 


TABLE 10. 


Mean | Values of S). 
Tempera- |__ 
| 


ture | 
= aan Gries- 
Deg. Fahr. mann. 


Pressure by 
Gage. 
Lbs. per 
Sq. In. 


Linde. Lorenz 


0.5 288 0.480 0.483 0.480 


13.7 0.499 0.500 0.529 


27.9 0.512 0.515 0.575 


42.1 0.535 | 0.528 0.613 


0.550 0.541 0.652 


0.553 | 0.556 0.687 





mention is made of the method of observ- 
ing the pressure, nor is any congnizance 
taken in the paper of the variation of 
pressure during passage through the calo- 
rimeter, nor of the method of eliminating 
its effects by computation afterward. 

The precautions against radiation were 
of the most elaborate sort, and were ap- 
parently efficacious. After preliminary ex- 
periments in which radiation was allowed 
for by comparison, the calorimeter was 
equipped with a double jacket of silver- 
plated cans, having an air space between. 
This alone reduced the radiation to an 
almost negligible quantity. To refine this 
practice, however, an electrical coil was 
placed in the air jacket and its tempera- 
ture maintained at equality with the mean 
steam temperature by a separate source 
of energy. This reduced radiation to vir- 
tually zero. 

Professor Thomas reports his results in 
the form of a series of curves for heat of 
superheat in terms of degree of super- 
heat. For convenience of comparison 
with the other values reported herein 
Table 11 has been deduced from his 
curves. 

This small table (11) gives one but a 
meager idea of the extent to which Pro- 
fessor Thomas elaborates the presentation 
of his work. There are curves upon 
curves, of all sorts of codrdinated quan- 
tities, and all of them very smooth ones. 
Yet the result, as it comes through the 
printing press, is disappointing to the care- 
ful critic. It is impossible to take: from 
these curves values for Sp to more than 
two decimal places, as in Table 11, and 
even that not with accuracy; whereas the 
other observers criticised herein com- 
niitted themselves to three, or even four, 
places of decimals. 

When we turn from the curves to 
Thomas’ table of arithmetical data of the 
observations themselves, there arises fresh 
doubt. The observer gives a three-page 
table of such data, reported in twenty col- 
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umns; yet no column of values of S 
as he himself would compute them is 
given! Since no one can compute these 
results with the same judgment as he who 
knows all the circumstances, this lack is 
a suprising one. If we start to make it 
good as best we may, however, we do not 
arrive at any such smooth and satisfactory 
results as does Professor Thomas. What 
we get instead is shown in Table 12. Here 
the first three columns are self-explana- 
tory. The fourth is the writer’s computa- 
tion of the value of S» from the data as 
given, according to the method which he 
understands was followed by Professor 
Thomas, viz, to derive the mean Sp, for 
the range of temperature from saturation 
temperature up to the point of observation, 
as given by the energy required to heat 
the steam throughout that same range. 
At any rate, the results agree fairly well 
with the values of Table 11, which are 
drawn from Professor Thomas’ own 
curves. 

Now this plan is open primarily to the 
same objection which was urged against 
the values of Knoblauch and Jakob. It 
mathematically conceals the very un- 
known quantity for which we are search- 
ing, viz, the variation of Sp'with tempera- 
ture. But there also appears to be an 
additional defect. These, values show a 
rapidly increasing value of S» as satura- 
tion is closely approached. Simultane- 
ously lies in the mind the original sus- 
picion as to the true dryness of the orig- 
inal steam. Is this curvature of the S, 
function a true one? 

If it be assumed, for simplicity, that 
the S, function is a straight-line one, there 
may be derived from each observation in 
turn, paired with the original observation 
under that pressure, a value for an ap- 
parent surplus of heat in the first observa- 
tion. This surplus may reasonably be 


‘taken as the heat required to dry the 


steam supply before superheat could 
begin. This surplus quantity we call A, 
and its values are displayed in the fifth 
column of Table 12. It will be noted that 
these values of A are remarkably con- 
sistent—not varying widely from the mean 
value, 2.51, at any test. But they are 
always less than the mean at lower super- 
heats, and higher as the superheat in- 
creases. This fact would signify that the 
Sp function is not quite a straight line; 
but it is plain that it is nearly so, and that 
A has a definite value not far from an 
average of two British thermal units. In 
other words, this is the “gasification heat” 
of Batelli and Griessmann, which is 
shown also by Grindley’s curves at about 
the same value, although he gave it no 
name. It corresponds to about one-fourth 
to one-fifth of 1 per cent. of moisture. 
If the anonymist of the London Engineer 
be correct, this is the proportion of water 
which remains water in cloudy suspension 
in saturated steam after every mechan- 
ical precaution has been taken to dry it. 
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As a partial check upon this surmise 
we have given, in the last section and col- 
umn of Table 12, values of S, computed 
from some isolated tests reported by 
Professor Thomas, at pressures different 
from those of the preceding sets. If 
these values are compared with those for 
adjoining pressures and low superheat in 
the more complete sets, it will be seen 
that the corroboration is excellent. 

Indeed, it seems to the writer that Pro- 
fessor Thomas’ entire method lies obvi- 
ously open to question as to constancy 
of quality of steam supply. In regard to 
this he may be able to offer satisfactory 
explanation, but his paper does not in- 
clude it. 

The other defect in Professor Thomas’ 
results is the convergence of values due 
to the assumption of constancy of specific 
heat over an unnecessarily wide range of 
temperature. This defect may be re- 
moved by the re-computation of his pub- 
lished data. The value of Sp may be de- 
termined from the energy absorbed, not 
by pairing each observation with the orig- 
inal one at saturation, but by pairing it 
with the next preceding one of the set, 
at slightly lower temperature. The re- 
sults thus derived are given in column 7 
of Table 12. The average for each set is 
given in column 8. These values do not 
agree at all with Professor Thomas’ 
curves, as they are interpreted in Table 
11. Nor do they give us any basis for 
drawing nice smooth curves. 

What they give us instead is shown in 
Fig. 4, which is arranged in the same way 
as the exhibit of the works of Knoblauch 
and Jakob, and of Lorenz, in Figs. 1 and 
2. The connection of each set of values 
for a given pressure gives us a result more 
like the constellation of the Great Bear 
than like a “curve.” The only thing 
which can be got out of this series of 
constellations, by heroic “fairing,” is to 

TABLE 11. 








ST GME sive sta. cfovecnslecaexstoaees 
| 0.48 | 0.50 
| 0.53 


| 0.48 | 0.49 | 0.51 


| 0.47 | 0.48 | 0.49 | 0.50 


|......| 0.48 0.55 


Py ee 49 0.51 








be done by plotting the averages of col- 
umn 8 (with their respective mean tem- 
peratures) as in the large marks. Through 
this series of large marks might be drawn 
some such a straight line as BB. This 
would give the variation of S, with in- 
creasing pressure, for a mean superheat 
of 66 degrees Fahrenheit. Then, by still 
more heroic fairing, might be derived 
other straight lines, such as are drawn 
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broken through each constellation, which 
would give the variation of S, with tem- 
perature alone, under each specified pres- 
sure. The mathematical formula for ex- 
pressing such a relationship, the writer 
has not considered it worth while to work 
out. 

In Fig. 1 will also be found curves 








TABLE 12. 
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In the general form of the first of these 
curves, BB, the writer has considerable 
faith. It now seems indubitable that there 
is substantial augmentation of S, with 
pressure for any given moderate degree 
of superheat. This agrees with the re- 
sults of a majority of observers, and also 
with our general knowledge of the physi- 





















































Pressure, Average sdieiaie adil Average 
Test i Per Range of Sp Accord- Value of Rang - = Probable Value of Sp 

Number. Sq.In. by Buperaens, ing to A, B.t.u. 7 a on ’ Value of Sp. | (Exclusive 
. Gage. Deg. Fake. Thomas. eae. Sune. of Test 81). 

2 16-in. vac 0— 36 0.530 pains 195 0.474 

3 se 0— 72 0.502 2.05 213 0.493 _ 

4 0—108 0.499 1.71 231 0. 436 5 

5 0—144 0.483 2.28 249 0.483 as 

6 0—180 0.483 2.13 267 0.481 

7 0—270 0.483 2.00 312 . 

8 5 o— 18 0.588 sipkel 237 ‘alii 

; “ 0— 36 0.550 1.37 246 a 

10 - 0— 72 0.523 2.73 264 0.493 ca 

11 _ 0—108 0.512 2.05 282 (0.445 > 

12 - O—144 0.495 2.62 300 0.483 S 

13 = 0—180 0.493 2.56 318 0.485 

14 ° 0—270 0.491 2.47 363 

16 20 0— 36 0.569 ee 277 0.502 

17 “ 0— 72 0.535 2.39 295 0.502 m 

18 oo 0—108 0.525 2.39 313 0.445 x 

19 ° O—144 0.505 3.07 331 0.512 s 

20 es 0—180 0.506 2.82 349 0.478 

22 “ 0—270 0.497 2.99 394 , 

2 40 0— 36 0.577 eeee 305 Ko 

= “ 0— 72 0.549 2.05 323 ee % 

26 s 0—108 0.540 2.05 341 0.474 g 

27 “ 0—144 0.524 2.62 359 0.483 ~ 

28 a 0—180 0.516 2.82 377 0.485 

29 - 0—270 0.506 3.02 422 

31 60 0 - 36 0.587 coes 325 0.531 

32 - 0-72 0.560 2.05 343 0.493 ms 

33 ’ 0—108 0.537 2.73 361 0.512 = 

34 ” O—144 0.529 2.73 379 0.521 s 

35 hd 0—180 0.512 2.65 397 0.478 

36 = 0—270 0.512 3.15 442 E 

39 100 U— 36 0.597 oes 356 0.550 

40 “ 0— 72 0.573 1.71 374 0.502 - 

41 sae 0—108 0.550 2.56 392 0.550 

42 “ 0—144 0.550 2.28 410 0512 m3 

43 = 0—180 0.542 2.47 428 0.481 

44 os F 0—270 0.522 3.15 473 . 

47 150 0O— 36 0.616 sit 384 0.559 

48 ” 0O— 72 0.588 2.05 402 0.550 

49 “ 0—108 0.575 2.22 420 0.559 Fr 

50 “ o—144 0.571 2.16 438 0.622 = 

51 ? 0—180 0.561 2.47 456 0.466 

52 ” 0—270 0.529 3.60 501 ‘ 

54 200 0— 36 0.625 cece 406 0.531 

55 " 0— 72 0.578 3.41 424 0.569 s 

56 | « 0—108 0.575 2.73 442 0.550 3 

57 ’ O— 144 0.569 2.73 460 0.550 S 

58 0—180 0.565 2.73 478 0.481 

59 0- 270 0.537 3.68 523 ¥ 

61 |285 0— 36 0.635 a 435 0.559 

62 ee 0— 72 0.597 2.73 453 0.559 

63 ‘ 0—108 0.585 2.73 471 0512 s 

64 O—144 0.576 2.84 489 0.550 = 

65 0—180 0.571 2.90 507 0.489 

67 os 0—270 0.543 3.80 552 ie 34 

72 485 0— 36 0.645 cece 484 

7 as 0O— 36 0.625 1.37 484 \ . 

“4 o— 72 0.625 ni 502 iow a 

75 “ 0— 72 0.625 ee 502 lor ray 

7% | « 0—108 0.597 2.56 520 — - 

77 oe 0—144 0.583 2.51 538 0.540 

78 | 0—180 0.582 2.40 556 0.578 

79 se 0—270 0.559 3.18 601 0.512 

83 25 o— 18 0.611 2.51 average. 0.499 

85 25 } O—18 0.603 In this section of the 0.492 

87 45 o— 18 0.607 table the last column gives 0.496 

89 85 o— 18 0.643 values of Sp computed 0.532 

91 235 o— 18 0.671 upon the assumption that 0.560 

93 385 o— 18 0.675 A= 2 B.t.u. in each case. 0.564 














marked BB which show for the results 
of Lorenz and of Knoblauch and Jakob, 
respectively, the same function as this 
curve BB of Fig. 4 shows for Thomas’ 
results, as modified by me, viz, the varia- 
tion of S, with pressure when the mean 
Superheat remains constant at 66 degrees 
Fahrenheit. 


cal conditions of approach to the critical 
state in water. It also seems probable, 
from equally general reasoning, that there 
is a decrease of Sp with temperature 
under any given pressure; but for this 
view the broken lines of Fig. 4 offer but 
scant corroboration. 

There is one thing which Professor 
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Thomas does with his results which con- 
stitutes an invaluable check. He plots 
curves of constant heat, or wire-drawing, 
in the entropy-temperature diagram from 
his calorimetrically derived values of S»>. 
He points out that whereas the values 
reported by some other observers, when 
thus treated, give curves which develop 
freakish irregularities as the higher pres- 
sures and temperatures are reached, his 
own give smooth and consistent curves. 
Professor Thomas did not add, as he 
might have done, that the fundamental 
principles of thermodynamics proclaim 
that these curves must be hyperbolic in 
form, and asymptotic to the horizontal. 
They must be flatly concave upward, fail- 
ing steadily as they proceed to the right. 
Any local rise in them, such as Professor 
Thomas’ diagrams show for his earlier 
and rejected observations (and also for 
assumptions that S, — 0.48 for all condi- 
tions and that S, is a straight-line func- 
tion of pressure), can be confidently 
stated to reveal error, without any re- 
gard to the method of experimentation 
involved. 

But as to Professor Thomas’ smooth 
hyperbolas, we cannot repress the ques- 
tion as to whether their smoothness were 
the result of computation from other 
smoothed and faired curves, or whether 
it were legitimately earned. We are not 
by any means convinced that Thomas has 
not come nearer to the truth of this very 
difficult question than has any other ob- 
server; but we feel that he owes a grate- 
ful but exacting public some further ex- 
planation of these points which have just 
been raised into question. 


CoNCLUSIONS 


As to what values of S,, after all this 
review, seem most worthy of acceptance, 
the author would state emphatically that 
a rough guess is all that is permissible. No 
single report is sufficiently beyond ques- 
tion to warrant loyal adoption; and the 
averaging of discrepant reports, each of 
which is open to suspicion, is hardly a 
scientific process. 

For what it may be worth, the author 
would state his view of the probable truth 
as follows: 

(1) Near the saturated condition the 
value of Sp increases markedly with pres- 
sure. Beginning with a value perhaps as 
low as 0.35 for a good vacuum, and pass- 
ing 0.50 at or near atmospheric pressure, 
the value will pass 0.6 or 0.7 at familiar 
boiler pressures and possibly attain 08 at 
very high boiler pressures. There is no 
reason why the value should not be ex- 
pected to surpass even unity at pressures 
beyond the highest boiler pressures, ap- 
proaching the critical pressure for water. 

(2) The above does not necessarily ap- 
ply to conditions of superheat far removed 
from saturation. We should expect S, 
to approach independence of the pressure, 
if not to independence of both tempera- 
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ture and pressure, under high  super- 
heat. 

(3) Under constant pressure the value 
of Sp» probably decreases with increasing 
temperature under the higher pressures, 
and increases with the temperature under 
lower pressures. No hazard may be made 
of the rate of variation with temperature, 
except that the rate is probably different 
for each different pressure, and perhaps 
also with the temperature itself. The 
rate, particularly under the higher pres- 
sures, may change sign as it proceeds; 
that is, being first negative and then posi- 
tive, as indicated by Knoblauch and 
Jakob’s curves. 

(4) Under constant temperature and 
varying pressure, Sp probably varies di- 
rectly as the pressure. 

If these estimates be true, the engineer, 
in order to adopt any value of S» for use, 
must know not only the pressure expected, 
but also the range of superheat. 


200 lbs. 
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(1) The method by wire-drawing. This 
demands : 

(a) A steam supply of unusually 
high pressure, much higher than 
the highest for which values of Sp 
are desired. 

(b) Elaborate precautions against 
thermal conduction. 

(c) A series of* throttlings, rather 
than one only, and to carefully ad- 
justed terminal pressures beyond 
each. 

(d) The calorimetric determination 
of the total heat in the residue. 
Several of these requirements, particu- 
larly (b) and (d), are exceedingly diffi- 
cult to fulfil. The method wili probably 
always be restricted therefore to a check 
upon the other method. But even where 
these two more difficult requisites have 
been fulfilled, the observer using this 
method has often negatived his results by 
carelessness as to his terminal pressures, 
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FURTHER INVESTIGATION 


Before farther time, money and effort 
shall have been expended upon this baf- 
fling question, it would seem imperative 
that the limits demarking the field should 
be better understood than they now are. 
The writer’s chief purpose in this article, 


‘indeed, has been to point out how fre- 


quently, if not uniformly, in the past, ex- 
pensive and tedious experiment has been 
undertaken along lines the futility of 
which might have been predicted before 
ever wrench were laid to pipe. Or how 
frequently the observer, having recorded 
certain observations which may be ac- 
cepted without question, proceeds to draw 
therefrom conclusions which seem to the 
author or other critic to be unwarranted. 

So far as the writer's knowledge ex- 
tends, there are only two methods by 
which the value of Sp» may be reliably de- 
termined. These two he would define as 
follows: 


so that computation, with its vitiation of 
accuracy, has had to be relied upon to 
bring the results into line. 

(2) The method by heat addition or 
abstraction. This demands: 

(a) A steam supply only up to the 
pressure under which the value of 
S» is desired; yet this, in view of 
modern turbines and automobiles, 
should not stop short of 500 pounds. 

(b) Elaborate precautions against 
thermal conduction or radiation. 

(c) Elaborate precautions against 
any appreciable alteration of pres- 
sure within calorimeter. 

The first two of these requirements are 
more easily met than in the first method. 
The fourth requirement of the first 
method is lacking. These facts make -the 
second method markedly superior to the 
first. The chief trouble with its results 
has been that the third requirement (c) 
has uniformly been neglected. In conse- 
quence, computations must be introduced 
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as a corrective, and these computations 
are based upon the pressure-volume data 
of superheated steam, regarding which we 
know little more than we do about S,. 

Finally, the author disagrees fundamen 
tally with some of the equations used, 
founded upon these data which are them 
selves in question. He disagrees with thx 
statement that during wire-drawing no ex 
ternal work is done. No work external to 
the pipe is done, it is true, but there is 
large amount of work done which is ex 
ternal to the molecule; and the molecul: 
is the unit in thermal matters. And then, 
so far as the variation in external work 
involved in PV is concerned, that is a 
part of Sp. It must not be exclude! 
mathematically, as some of the equations 
quoted by observers have been arranged to 
do. 

In view of all these considerations, the 
only acceptable method for computing the 
correction for pressure variation is that of 
the isothermal transfer from one pressure 
line to the next. With this method of 
correction, for a pressure variation care 
fully made as small as possible, there is no 
reason why some such a calorimeter as 
that of Professor Thomas, used step by 
step up the temperature scale under any 
given pressure, should not soon give us a 
set of values of Sp which would. check 
with each other and with other known 
facts, to the termination of this present 
era of chaotic lack of exact knowledge 
as to one of the most fundamental of all 
physical values, and one of immediate 
value in the arts. 





Vibration in Steam Pipes 


By WittiAM F. FiscHER 





Vibration in steam pipes is usually duc 
to faulty design. Steam pipes are gener 
ally so designed that the flow is about a 
mile a minute, and in steam-turbine work 
about a mile and a half a minute. Where 
in the piping there are a number of 
sharp turns through short-radius elbows. 
steam traveling at this high velocity is 
very likely to set up vibration in the line 
due to the sudden change in the direction 
of the flow. Even if the line is anchored 
it does not always cure the vibration, as 
the cause remains and in time the anchors 
may become loosened sufficiently to allow 
the pipe to vibrate as badly as before. [x 
cessive vibration causes the joints to leak 
by working the bolts loose and taking the 
tightening pressure off of the gasket. In 
screwed work, where the pipe is screwed 
through the flange, or into a screwed fit 
ting, it sometimes causes leakage through 
the threads. 

Fig. 1 shows a method very often em 
ployed in connecting up an engine at the 
end of a steam line. Here A and B are 
short-turn elbows. From the elbow B the 
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line drops to the high-pressure cylinder 
through the engine throttle valve. Ex- 
cessive vibrations occurred in a line exact- 
ly similar to this, and were finally obvi- 
ated by arranging the piping as shown in 
Fig. 2. The engine was of the slide-valve 
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type; a separator in the main line took 
care of several engines. 


Wuat CAUSED THE VIBRATION ? 

The following simple explanation will 
probably make this clear. Suppose, for 
example, that steam is forced out of the 
end of a straight, unobstructed pipe, as 
shown in Fig. 3. As long as the pressure 
in the line remains constant the steam 
flows from the nozzle at a constant ve- 
locity, causing very little, if any, vibra- 
tion in the line. Suppose the pipe to be 
equipped at the end with a quick-opening 
and closing valve, capable of being opened 
and closed without jar or shock to the 
piping. While the steam is flowing the 
valve is suddenly closed. What happens? 
The rapidly moving steam, driven by the 
pressure behind it, strikes the valve seat 
a quick blow (due to its momentum) tend- 
ing to pull the line with it in the direction 
of the flow. - The pipe then tends to 
spring back again to its original position. 
When the steam in front strikes the valve 
seat, the steam coming on behind tends to 
pile up on the steam in front until all the 
steam in the line, back to the source of 
supply, is brought to rest. This occurs 
very quickly. 

Suppose the valve to be opened and 
closed, say 180 times a minute, as in the 
engine in the illustration. Steam would 
strike the valve seat each time the valve 
closed, tending to pull the line with it, 
an’ each time there would be a reaction. 
This would naturally tend to-impart mo- 
tion to the pipe if it were free to move 
even slightly. This rapid motion is what 
constitutes the vibration. The opening 
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and closing of the slide valve in the steam 
chest gives practically this same result, 
with the exception that the steam is not 
traveling as fast as before, due to the 
pressure required to force the piston out- 
ward, therefore, the force of the blow 
would not be as great. Still, it is suffi- 
cient to cause vibration in many cases. 

Setting the engine valves improperly has 
a tendency to cause vibration also which 
is transmitted through the piping. 

The short turn elbows A and B, Fig. 1, 
help along the vibration. The steam, in 
stopping and starting up to full speed 
again, when the engine valve is opened 
and closed, strikes the elbow A a glancing 
blow on the side, as indicated by the ar- 
rows, before being deflected at right 
angles, and strikes the elbow B again be 
fore being deflected downward. This has 
a tendency to set up a slight but rapid 
vibration. 

By substituting long-radius bends of 
steel pipe in place of the two elbows A 
and B, and placing a separator of large 
volume in the line, as near the engine 
cylinder as possible, the vibrations are 
eliminated, at least to such an extent as 
not to be noticeable in the line, or cause 
annoyance. 


RECEIVER-SEPARATORS PREVENT VIBRATION 

In well-designed piping systems, receiv- 
er-Sseparators of large volume are nearly 
always used, placed close to the engine 
cylinder. Where such separators have a 
capacity of three times the volume of the 
high-pressure cylinder, or greater, the pip- 
ing may be reduced 10 to 15 per cent. 
from the sizes called for by the engine 
manufacturers, this reduction being made 
in the piping at the inlet side of the sep- 





arator. The action of the steam going 
Steam from Boilers 
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through the separator is somewhat as fol- 
lows: 

When the valve opens at each stroke of 
the engine piston, the engine obtains the 
necessary volume of steam from the sep- 
arator to force the piston to the end of 
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This requires but a fraction 
In case of 


the stroke. 
of a second in ordinary cases. 
the engine in Figs. 1 and 2, making go 
revolutions, or 180 strokes per minute, it 
requires 60 + 180 = % of a second, ne- 
glecting the point of cut-off. In this short 
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space of time enough steam is drawn from 
the separator to reduce pressure. 

The boiler pressure is forcing new 
steam to the separator, through the inlet 
pipe, at a high velocity, and when the 
valve closes again, the steam rushes into 
the separator, crowding the other steam 
together, and restoring the volume and 
pressure required at the next stroke of the 
This goes on continuously while 
The steam from 


piston. 
the engine is running. 
the inlet pipe to the separator flows at an 
almost constant velocity, cushioning itself 
against the steam already in the separa- 
tor, thus causing a steady and rapid flow 
of steam to the engine and preventing vi- 
bration. 

Referring to Fig. 2 again, it is easy to 
understand why this arrangement prevents 
vibration. It removes the cause. The 
separator performs a double function. It 
acts as a reservoir in which the steam is 
cushioned after each stroke of the en- 
gine; or in other words, when the valve 
closes, the oncoming steam tends to pile 
up in the separator, surging in and out as 
the valve cpens and closes. This reduces 
the shock by taking the reaction caused 
by the quick cut-off in the steam chest. It 
also removes most of the moisture from 
the steam, and if a slug of water is driven 
down, it is caught up by the separator 
and thrown to the bottom of the well, 
thus preventing it from getting into the 
engine cylinder and, perhaps, wrecking: it 
The two long-radius bends tend to turn 
the steam gradually from its straight 
course bringing it down to the engine cyl 
inder without jar or shock. 

The bends should be of large radius, 
not under five times the pipe diameter; 
8 to 10 diameters and even greater are 
preferable where convenient. Long-ra 
dius bends also reduce the friction in the 
line, giving a higher velocity and pressure 
at the engine cylinder. 
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Proper Method of Testing a Steam Turbine 


Preventing Dummy Leakage; Importance of Oiling System and 
Water Service; Special Features to Inquire into Preliminarily 





BY THOMAS 


The condensing arrangements of a tur- 
bine are perhaps mainly instrumental in 
determining the method of test. The con- 
densed steam alone, issuing from a tur- 
bine having, for example, a barometric 
or jet condenser, cannot be directly meas- 
ured or weighed, unless by meter, and 
these at present are not sufficiently 
accurate to warrant their use for 
test purposes, if anything more than 
approximate results are desired. The 
steam consumed can, in such a case, 
only be arrived at by measuring the 


amount of condensing water (which 
ultimately mingles with the condensed 
steam), and subtracting this quantity 
from the condenser’s total outflow. 


Consequently, in the case of tur- 
bines equipped with barometric or jet 
condensers, it is often thought sufficient 
to rely upon the measurement taken of 
the boiler feed, and the boiler’s initial and 
final contents. Turbines equipped with 
surface-condensing plants offer better fa- 
cilities for accurate steam-consumption 
calculations than those plants in which 
the condensed exhaust steam and the cir- 
culating water come into actual contact, it 
being necessary with this type simply to 
pump the condensed steam into a weigh- 
ing or measuring tank. 

In the case of a single-flow turbine of 
the Parsons type, the covers should be 
taken off and every row of blades care- 
fully examined for deposits, mechanical 
irregularities, deflection from the true 
radial and vertical positions, etc. The 
blade clearances also should be gaged 
all around the circumference, to insure 


Fine Clearance here 




















FIG. I 


this clearance being an average work- 
ing minimum. On no account should a 
test be proceeded with when any doubt 
exists as to the clearance dimensions. 
The dummy rings of a turbine, namely, 
those rings which prevent excessive leak- 
age past the balancing pistons at the high- 
pressure end, should have especial attention 
before a test. A diagrammatic sketch of 
a turbine cylinder and spindle is shown in 


Fig. 1, for the benefit of those unfamiliar 
with the subject. In this A is the cylinder 
or casing, B the spindle or rotor, and C 
the blades. The balancing pistons, D, E, 
and F, the pressure upon which counter- 
balances the axial thrust upon the three- 
bladed stages, are grooved, the brass dum- 
my rings GG in the cylinder being alined 
within a few thousandths of an inch of the 
grooved walls, as indicated. After these 















































a & 














Uno 


rings have been turned (the turning being 
done after the rings have been calked in 
the cylinder), it is necessary to insure that 
each ring is perfectly bedded to its re- 
spective grooved wall so that when run- 
ning the several small clearances between 
the groove walls and rings are equal. A 
capital method of thus bedding the dum- 
my rings, is to grind them down with a 
flour of emery or carborundum, while the 
turbine spindle is slowly revolving under 
steam. Under these conditions the opera- 
tion is performed under a high tem- 
perature, and any slight permanent warp 
the rings may take is thus accounted for. 
The turbine thrust-block, which maintains 
the spindle in correct position relatively 
to the spindle, may also be ground with 
advantage in a similar manner. 

The dummy rings are shown on a large 
scale in Fig 2, and their preliminary in- 
spection may be made in the following 
manner : 


The spindle has been set and the dummy 
rings C are consequently within a few 
thousandths of an inch of the walls d 
of the spindle dummy grooves D. The 
clearances allowed can be gaged by a 
feeler placed between a ring and the 
groove wall. 


Before a test the spindle 








FRANKLIN 


should be turned slowly around, th: 
feelers being kept in position. By this 
means any mechanical flaws or irregulari 
ties in the groove walls may be detected 

It has sometimes been found that th: 
groove walls, under the combined actio: 
of superheated steam and friction, in 
cases where actual running contact has 
occurred, have worn very considerably, 
the wear taking the form of a rapid 
crumbling away. It is possible, however 
that such deterioration may be due solely 
to the quality of the steel from which th 
spindle is forged. Good low-percentage 
carbon-annealed steel ought to withstand 
considerable friction; at all events the 
wear under any conditions should be uni 
form. If the surfaces of both rings and 
grooves be found in bad condition, they 
should be re-ground, if not sufficiently 
worn to warrant skimming up with a tool. 

As the question of dummy leakage is 
of very considerable importance during a 
test, it may not be inadvisable to describe 
the manner of setting the spindle and cyl- 
inder relatively to one another to insure 
minimum leakage, and the methods of 
noting their conduct during a prolonged 
run. In Fig. 3, showing the spindle, B is 
the thrust (made in halves), the rings O 
of which fit into the grooved thrust-rings 
C in the spindle. Two lugs D are cast on 
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each half of the thrust-block. The inside 
faces of these lugs are machined, and in 
them fit the ball ends of the levers &. 
the latter being fulerumed at F in the 
thrust-bearing cover. The screws G, work- 
ing in bushes, also fit into the thrust-bear- 
ing cover, and are capable of pushing 
against the ends of the levers E and thus 
adjusting the separate halves of the block 
in opposite dirgctions. 
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[he top half of the turbine cylinder hav- 
ing been lifted off, the spindle is set rela- 
tively to the bottom half by means of the 
lower thrust-block screw G. This screw 
is then locked in position and the top half 
of the cover then lowered into place. 
With this method great care must neces- 
sarily be exercised when lowering the top 
cover; otherwise the brass dummy rings 
may be damaged. 
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A safer method is to set the dummy 
rings in the center of the grooves of the 
spindle, and then to lower the cover, with 
less possibility of contact. There being 
usually plenty of side clearance between 
the blades of a turbine, it may be deemed 
quite safe to lock the thrust-block in its 
position, by screwing the screws G up 
lightly, and then to turn on steam and 
begin running slowly. 

Next, the spindle may be very carefully 
and gradually worked in the required 
direction, namely, in that direction which 
will tend to bring the dummy rings and 
groove walls into contact, until actual but 
very light contact takes place. The slight- 
est noise made by the rubbing parts in- 
side the turbine can be detected by plac- 
ing one end of a metal rod onto the 
casing in vicinity of the dummy pistons, 
and letting the other end press hard 
against the ear. Contact between the 
dummy rings and spindle being thus dem- 
onstrated, the spindle must be moved back 
by the screws, but only by the slightest 
amount possible. The merest fraction of 
a turn is enough to break the contact, 
which is all that is required. In perform- 
ing this operation it is important, during 
the axial movements of the spindle, to ad- 
just the halves of the thrust-block so that 
there can exist no possible play which 
would leave the spindle free to move ax- 
ially and probably vibrate badly. 


After ascertaining the condition of the 
dummy rings, attention might next be 
turned to the thrust-block, which must 
not on any account be tightened up too 
much. It is sufficient to say that the actual 
Tequirements are such as will enable a 


very thin film of oil to circulate between 
each wall of the spindle thrust-grooves 
and the brass thrust-block rings. In other 
words, there should be no actual pressure, 
‘Trespective of that exerted by the spindle 
when running, upon the thrust-block rings, 
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nipped too tightly. -The results upon a 
test of considerable friction between the 
spindle and thrust-rings are obvious. 

The considerations outlined regarding 
balancing pistons and dummy rings can 
be dispensed with in connection with im- 
pulse turbines of the De Laval and Rateau 
types, and also with double-flow turbines 
of a type which does not possess any dum- 
mies. The same general considerations 
respecting blade conditions and _ thrust- 
blocks are applicable especially to the 
latter type. With pure so-called impulse 
turbines, where the blade clearances are 
comparatively large, the preliminary blade 
inspection should be devoted to the me- 
chanical condition of the blade edges and 
passages. As the steam velocities of these 
types are usually higher, the importance 
of minimizing the skin friction and elim- 
inating the possibility of eddies is great. 

Although steam leakage through the 
valves of a turbine may not materially 
affect its steam consumption, unless it 
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be the leakage through the overload valve 
during a run on normal full load, a thor- 
ough examination of all valves is advo- 
cated for many reasons. In a turbine 
the main steam-inlet valve is usually oper- 
ated automatically from the governor; 
and whetlicr it be of the pulsating type, 
admitting the steam in blasts, or of the 
non-pulsating throttling type, it is equally 
essential to obtain the least possible fric- 
tion between all moving and _ stationary 
parts. Similar remarks apply to the main 
governor, and any sensitive transmitting 
mechanism connecting it with any of the 
turbine valves. If a safety or “runaway” 
governor is possessed by the machine to 
be tested, this should invariably be tried 
under the requisite conditions before pro 
ceeding farther. The object of this gov 
ernor being automatically to shut off all 
steam from the turbine, should the latter 
through any cause rise above the normal 
speed, it is often set to operate at about 
above the normal 
Thus, a turbine revolving at about 3000 
revolutions per minute, would be closed 
down at, say, 3500, 
within the limit of “safe” speed. 


which would be 


{MPORTANCE OF OILING SYSTEM AND WATER 
SERVICE 
important, 


The oil question, being 


should be solved in the early stages previ 
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ously, if possible, to any official or unoffi- 
cial consumption tests. Whether the oil be 
supplied to the turbine bearings by a self- 
contained system having the oil stored in 
the turbine bed-plate, or by gravity from 
a separate oil source, does not affect the 
question in its present aspect. The ne- 
cessary points to investigate are four in 
number, and may be headed as follows: 

(a) Examination of pipes and parti- 
tions for oil leakage. 

(b) Determination of volume of oil 
flowing through each bearing per unit 
of time. 

(c) Examination for signs of water in 
oil. 

(d) Determination of temperature rise 
between inlet and outlet of oil bearings. 

The turbine supplied with oil by the 
gravity or any other separate system holds 
an advantage over the ordinary self-con- 
tained machine, inasmuch as the oil pipes 
conveying oil into and from the bearings 
can be easily approached and, if neces- 
sary, repaired. On the other hand, the 
nachine possessing its own oil tank, cool- 
ing chamber and pump is somewhat at a 
disadvantage in this respect, as a part 
of the system is necessarily hidden from 
view, and, farther, it is not easily ac- 
cessible. The leakage taking place in any 
system, if there be any, must, however, be 
detected and stopped 

Fig. 4 is given to illustrate a danger pe 
culiar to the self-contained oil system, in 
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which the oil and oil-cooling chambers are 
situated adjacently in the turbine bed-plate. | 
One end of the bed-plate only is shown; 
B is a cast-iron partition dividing the oil 
chamber C from the oil-cooling chamber 
D. Castings of this kind have sometimes 
a tendency to sponginess and the trouble 
consequent upon this weakness would take 
the form of leakage between the two 


chambers. Of course this is only a special 
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case, and the conditions named are hardly 
likely to exist in every similarly designed 
plant. The capacity of oil, and especially 
of hot oil, to percolate through the most 
minute is well known. Conse- 
quently, in advocating extreme caution 
when dealing with oil leakage, no apology 
is needed. 

It may be stated without fear of con- 
tradiction that the oil in a self-contained 
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system, namely, a system in which the oil, 
stored in a reservoir near or underneath 
the turbine, passes only through that one 
turbine’s bearings, and immediately back 
to the storage compartment, deteriorates 
more rapidly than when circulating around 
an “entire” system, such as the gravity 
ovr other analogous system. In the latter, 
the oil tanks are usually placed a consider- 
able distance from the turbine or turbines, 
with the oil-coolire arrengements in fairly 
close proximity. The total length of the 
oil circuit is thus considerably increased, 
incidentally increasing the relative cool- 
ing capacity of the whole plant, and there- 
by reducing the loss of oil by vaporiza- 
tion. 

The amount of oil passing through the 
bearings can be ascertained accurately by 
measurement. With a system such as 
the gravity it is only necessary to run 
the turbine up to speed, turn on the oil, 
and then, over a period, calculate the vol- 
ume of oil used by measuring the fall of 
level in the storage tank and multiplying 
by its known cross-sectional area. In 
those cases where the return oil, after 
passing through the bearings, is delivered 
back into the same tank from which it is 
extracted, it is of course necessary, during 
the period of test, to divert this return in- 
to a separate temporary receptacle. Where 
the system possesses two tanks, one de- 
livery and one return (a superior arrange 
ment), this additional work is unneces- 
The same method can be applied 
to individual turbines pumping their own 
oil from a tank in the bed-plate, the 
return oil, as previously described, being 


sary. 


temporarily prevented from running back 
to the supply. 

The causes of excessive oil consumption 
by bearings are many. There is an eco- 
nomical mean velocity at which the oil 
must flow along the revolving spindle; 
also an economical mean pressure, the 
latter diminishing from the center of the 
bearing toward the ends. The aim of the 
economist must therefore be in the di- 
rection of adjusting these quantities cor- 


rectly in relation to a minimum supply of 
oil per bearing; and the principal factors 
capable of 


variation to attain certain 
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requirements are the several bearing clear- 
ances, measured as annular orifices, and 
the bearing diameters. 

It is not always an easy matter to de- 
tect the presence of water in an oil sys- 
tem, and this difficulty is increased in 
large circuits, as the water, when the oil 
is not flowing, generally filters to the low- 
est members and pipes of the system, 
where it cannot usually be seen. A con- 
siderable quantity of water in any system, 
however, indicates its presence by small 
globular deposits on bearings and spindle, 
and in the worst cases the water can 
clearly be seen in a small sample tapped 
from the oil mains. There is only one 
effective method of ridding the oil of 
this water, and this is by allowing the 
whole mass of oil in the system to remain 
quiescent for a few days, after which the 
water, which falls to the lowest parts, can 
be drained off. A. simple method of clear- 
ing out the system is to pump all the oil 
the whole circuit contains through the 
filters, and thence to a tank from which 
all water can be taken off. One of the 
ordinary supply tanks used in the gravity 
system will serve this purpose, should 
a temporary tank not be at hand. If 
necessary, the headers and auxiliary pipes 
of the system can be cleaned out before 
circulating the oil again, but as this is 
rather a large undertaking, it need only 
be resorted to in serious cases. 

It is seldom possible to discover the 
correct and permanent temperature rise 
of the circulating oil in a turbine within 
the limited time usually alloted for a test 
After a continuous run of one hundred 
hours it is possible that the temperature 
at the bearing outlets may be lower than 
it was after the machine had run for, say, 
only twenty hours. As a matter of fact 
an oil-temperature curve plotted from pe- 
riodical readings taken over a continuous 
run of considerable length usually reaches 
a maximum early, afterward falling to a 
temperature about which the fluctuations 
are only slight during the remainder of 
the run. Fig. 5 illustrates an oil-tempera- 
ture curve plotted from readings taken 
over a period of twenty-four hours. In 
this case the oil system was of the gravity 
description, the capacity of the turbine 
being about 6000 kilowatts. The bearings 
were of the ordinary white-metal spheri 
cal type. Over extended runs of hundreds 
and even thousands of hours, the above 
deductions may be scarcely applicable 
Running without break for so long, a 
small turbine circulating its own lubricant 
would possibly require a renewal of the oil 
before the run was completed, in the main 
owing to excessive temperature-rise and 
consequent deterioration of the quality of 
the oil. Under these conditions the proba 
bilities are that several temperature fluct 
uations might occur before the final max 
imum, and more or less constant, temper- 


ature was reached. In this connection, 


however, the results obtained are to a very 
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large extent determined by the general 
mechanical design and construction of the 
oiling system and turbine. A reference to 
Fig. 4 again reveals at once a weakness 
in that design, namely, the unnecessarily 
close proximity in which the oil and wate: 
tanks are placed. 

A design of thermometer cup suitable 
for oil thermometers is given in Fig. 6 
in which A is an end view of the turbin: 
bed-plate, B is a turbine bearing and ( 
and D are the inlet and outlet pipes, rx 
spectively. The thermometer fittings, 
which are placed as near the bearing as i 
practicable, are made in the form of an an 
gular tee fitting, the oil pipes being screwed 
into its ends. The construction of the 9i 
cup and tee piece is shown in the detail 
at the left where 4 is the steel tee piece. 
into which is screwed the brass ther 
mometer cup B. The hollow bottom por 
tion of this cup is less than one-six 
teenth of an inch in thickness. The top 
portion of the bored hole is enlarged as 
shown, and into this, around the thermom 
eter, is placed a non-conducting material 
The cup itself is generally filled with a 
thin oil of good conductance. 

Allied to the oil system of a turbin 
plant is the water service, of comparativ 
ly little importance in connection with 
single self-contained units of small capa 
city, where the entire service simply con 
sists of a few coils and pipes, but of the 
first consideration in large installations 
having numerous separate units supplied 
by oil and water from an exterior source 
The largest turbine units are often sup 
plied with water for cooling the bearings 
and other parts liable to attain high tem- 
perature. Although the water used for 
cooling the bearings indirectly supplements 
the action taking place in the separate oil 
coolers, it is of necessity a separate aux- 
iliary service in itself, and the complexity 
of the system is thus added to. A care 
fully constructed water service, however, 
is hardly likely to 
mechanical nature. The 
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deficiencies usually arise from conditions 
inherent to the design, and as such must 
be approached. 


TURBINE FEATURES TO BE_ IN- 
QUIRED INTO 


SPECIAL 


Before leaving the prime mover its 
and proceeding to the auxiliary plant 


spection, it may be well to instance a !ew 


special 








features relating to the general 
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conduct of a turbine, which it is the duty 


of a tester to inquire into. There are 
certain specified qualifications which a 
machine must hold when running under 
its commercial conditions, among these 
being lack of vibration of both turbine and 
machinery driven, be it generator or fan, 
the satisfactory running of auxiliary tur- 
bine parts directly driven from the turbine 
spindle, minimum friction between the 








POWER 


Fig. 8, it will be seen that here is some- 
thing much better adapted to dealing with 
troubles of alinement. The turbine and 
generator spindles A and B, respectively, 
are coned at the ends, and upon these 
tapered portions are shrunk circular heads 
C and D having teeth upon their outer 
circumferences. Made in halves, and fit- 
ting over the heads, is a sleeve-piece, with 
teeth cut into its inner bored face. The 


Teeth . Ol “ 




















FIG. 9 


driving mediums, such as worm-wheels, 
pumps, fans, ete., slight irregularities of 
construction, often resulting in heated 
parts and excessive friction and wear, and 
must therefore be detected and righted 
before the final test. Fusthermore, those 
features of design—and they are not in- 
frequent in many machines of recent de- 
velopment—which, in practice, do not ful- 
fil theoretical expectations, must be re- 
designed upon lines of practical consis- 
tency. The experienced tester’s opinion is 
often at this point invaluable. To illus- 
trate the foregoing, Figs. 7, 8 and 9 are 
given, representing, respectively, three dis- 
tinct phases in the evolution of a turbine 
part, namely, the coupling. Briefly, an 
ordinary coupling connecting a driving 
and a driven shaft becomes obstinate when 
the two separate spindles which it connects 
are not truly alined. The desire of 
turbine manufacturers has consequently 
been to design a flexible coupling, capable 
of accommodating a certain want of aline- 
ment between the two spindles without 
in any way affecting the smooth running 
of the whole unit. 

In Fig. 7 A is the turbine spindle end 
and B the generator spindle end, which 
it is required to drive. It will be seen 
from the cross-sectional end view that 
both spindle ends are squared, the coup- 
ling C, with a square hole running through 
it, fitting accurately over both spindle ends 
as shown. Obviously the fit between the 
coupling and spindle in this case must be 
close, otherwise considerable wear would 
take place; and equally obvious is the fact 
that any want of alinement between the 
two spindles A and B will be accompanied 
by severe strain upon the coupling, and 
Incidentally by many other troubles of 
operation of which this inability of the 
coupling to accommodate itself to a little 
Want of alinement is the inherent cause. 
Looking at the coupling illustrated in 


teeth of the heads and sleeve are pro- 
portioned correctly to withstand, without 
strain, the greatest pressure liabie to be 
thrown upon them. There is practically 
no play between the teeth, but there exists 
a small annular clearance between the 
periphery of the heads and the inside 
bore of the sleeve, which allows a slight 
lack of alinement to exist between the 
two spindles, without any strain whatever 
being felt by the coupling sleeve E. The 
nuts F and G prevent any lateral move- 
ment of the coupling heads C and D. 
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For all practical requirements this type 
of coupling is satisfactory, as the clear- 
ances allowed between sliding sleeve and 
coupling heads éan always be made suf- 
ficient to accommodate a considerable want 
of alinement, far beyond anything which 
is likely to occur in actual practice. Per- 
haps the only feature against it is its lack 
of simplicity of construction and corre- 
sponding costliness. 
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The type illustrated in Fig. 9 is a dis- 
tinct advance upon either of the two pre- 
vious examples, because, theoretically at 
least, it is capable of successfully accom 
modating almost any amount of spindle 
movement. The turbine and generator 
spindle ends, A and B, have toothed heads 
C and D shrunk upon them, the heads 
being secured by the nuts E and F. The 
teeth in this case are cut in the enlarged 
ends as shown. A sleeve G, made in 
halves, fits over the -heads, and the teeth 
cut in each half engage with those of 
their respective heads. All the teeth and 
teeth faces are cut radially, ahd a little 
side play is allowed. 


THE CONDENSER 


To some extent, as previously remarked, 
the condenser and condensing arrange- 
ments are instrumental in determining 
the lines upon which a test ought to be 
carried out. In general, the local features 
of a plant restrict the tester more or less in 
the application of his general methods. 
A thorough inspection, including some 
preliminary tests if necessary, is as es- 
sential to the good conduct of the con- 
densing plant as to the turbine above it. 
It may be interesting to outline the usual 
course this inspection takes, and to draw 
attention to a few of the special features 
of different plants. For this purpose a 
type of vertical condenser is depicted in 
Fig. 10. Its general principle will be 
gathered from the following description: 

Exhaust steam from the turbine flows 
down the pipe 7 and enters the con- 
denser at the top as shown, where it 
at once comes into contact with the 
water tubes in WW. These tubes fill an an- 
nular area, the central un-tubed portion 
below the baffle cap B forming the vapor 
chamber. The condensed steam falls upon 
the bottom tube plate P? and is carried 
away by the pipe S$ leading to the water 
pump //. The Y pipe £ terminating 
above the level of the water in the con 
denser enters the dry-air-pump suction 
pipe A. Cold circulating water enters the 
condenser at the bottom, through the pipe 
I, and entering the water chamber X pro 
ceeds upward through the tubes into the 
top water chamber }, and from. there 
out of the condenser through the exit 
pipe. It will be observed that the vapor cx 
tracted through the pipe P passes on its 
journey out of the condenser through the 
cooling chamber D surrounded by the cold 
circulating water. This, of course, is a 
very advantageous feature. At 2 is the 
condenser relief and at U the relief valve 
for the water chambers. 

A new condenser, especially if it em- 
body new and untried features, generally 
requires a little time and patience ere the 
best results can be obtained from it. Per- 
haps the quickest and most satisfactory 
method of getting at the weak points of 
this portion of a plant is to test the vari- 


ous elements individually before applying 
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a strict load test. Thus, in dealing with 
a condenser similar to that illustrated in 
Fig. 10, the careful tester would probably 
make, in addition to a thorough mechan- 
ical examination, three or four individual 
vacuum and water tests. A brief de- 
scription of these will be given. The 
water test, the purpose of which is to 
discover any leakage from the tubes, tube- 
plates, water pipes, etc., into portions of 
the steam or air chambers, should be made 
first. 


Water TESTS OF CONDENSER 

The condenser is first thoroughly dried 
out, particular care being given to the 
outside of the tubes, and the bottom tube 
plate P. Water is then circulated through 
the tubes and chambers for an hour or 
two, after which the pumps are stopped, 
all water is allowed to drain out and a 
careful examination is made inside. Any 
water leaking from the tubes above the 
bottom baffle-plate will ultimately be de- 
posited upon that plate. It is essential 
to stop this leakage if there be any, other- 
wise the condensed steam measured dur- 
ing the consumption test will be increased 
to the extent of the leakage. A slight 
leakage in a large condenser will obvious- 
ly not affect the results to any serious 
extent. The safest course to adopt when 
a leak is discovered and it is found in- 
opportune to effect immediate repair, is to 
measure the actual volume of leakage 
over a specified period and the quantity 
then being known it can be subtracted 
from the volume of the condensed steam 
at the end of the consumption test. 

It is equally essential that no leakage 
shall occur between the bottom tube-plate 
P and the tube ends. The soundness 
of the tube joints, and the joint at the 
periphery of the tube plate can be tested 
by well covering the plate with water, 
the water chamber IV and cooling chamber 
having been previously emptied, and ob- 
‘serving the under side of the plate. It 
must be admitted that the practice of 
measuring the extent of a water leak over 
a period, and afterward with this knowl- 
edge adjusting the obtained quantities, is 
not always satisfactory. On no account 
should any test be made with considerable 
water leakage inside the condenser. The 
above method, however, is perhaps the 
most reliable to be followed, if during 
its conduct the conditions of temperature 
in the condenser are made as near to the 
normal test temperature as_ possible. 
There are many condensers using salt 
water in their tubes, and in these cases 
it would seem natural to turn to some 
analytical method of detecting the amount 
of saline and foreign matter leaking into 
the condensed steam. Unless, however, 
only approximate results are required, 
such methods are not advocated. There 
are many reasons why they cannot be re- 
lied upon for accurate results, among these 
‘being the variation in the percentage of 
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saline matter in the sea-water, the varying 
temperature of the condenser tubes 
through which the water flows, and the 
uncertainty of such analysis, especially 
the percentage leakage of pure 
saline matter is comparatively small. 


where 


THE VacuuM TEST 

Having convinced himself of the sat- 
isfactory conduct of the condenser under 
the foregoing simple preparatory water 
tests, the tester may safely pass to con- 
siderations of vacuum. There exists a 
good old-fashioned method of discovering 
the points of leakage in a vacuum cham- 
ber, namely, that of applying the flame of a 
candle to all seams and other vulnerable 
spots, which in the location of big leaks is 
extremely valuable. Assuming that the 
turbine joints and glands have been found 
capable of preventing any inleak of air, 
with only a small absolute pressure of 
steam or air inside it, and, farther, an 
extremely important condition, with the 
turbine casing at high and low temper- 
atures, separately, a vacuum test can be 
conducted on the condenser alone. 

This test consists of three operations. 
In the first place a high vacuum is obtained 
by means of the air pump, upon the at- 
tainment of which communication with 
everything else is closed, and results noted. 
The second operation consists in repeating 
the above with the water circulating 
through the condenser tubes, the results 
in this case also being carefully tabulated. 
Before conducting the third test, the con- 
must be thoroughly warmed 
throughout, by running the turbine for a 
short time if necessary, and after clos- 
ing communication with everything, al- 
lowing the vacuum to slowly fall. 

A careful consideration and comparison 
of the foregoing tests will reveal the capa- 
bilities of the condenser in the aspect in 
which it is being considered, and will sug- 
gest where necessary the desirable steps 
to be taken. 


densers 





Greiner's Rule 


An excellent “rule-of-thumb” now much 
used by gas-power specialists is that 
known as “Greiner’s Rule.” It was con- 
tained in a paper read by M. Léon Greiner 
before the Liege Association of Engi- 
neers about a year ago and is as follows: 

In blast-furnace operation the horse- 
power that can be developed continuously 
with the waste gases is equal to the num- 
ber of tons of iron made per month. In 
the operation of by-product-recovery coke 
ovens, the waste gases will generate 
horse-power equal to the number of tons 
of coke produced per week. 





When valve-seat mills chatter, or cut 
too freely, fill the teeth with good window 
putty and bake it hard on a hot steam 
pipe; they will then cut perfectly true 
and smooth. 
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Some Points about Gas and 
Oil Engines Gleaned from 
Practice 


By Frank E. BootH 


The most important feature about th 
cylinder of an internal-combustion engin 
is a round and parallel bore. It is n 
necessary that it be finished glass smoot 
and it even might be an advantage 
leave a light thread-like cut for a finis| 
When the engine is run down this finish 
will enable the piston and cylinder to wea: 
to a good working fit much more quickly. 
The cylinder should be symmetrical as 
to quantity of metal used in its construc 
tion, so as to insure as far as possible 
equal expansion and contraction. With 
small cylinders it is an advantage to heat 
them to a dull red after they have been 
rough machined all over and take the 
finishing cut after they have slowly cooled 
down. The casting will then have less 
tendency to spring out of shape when 
warmed up by the heat from the burning 
of the fuel when the engine is in opera- 
tion. The wall of the cylinder may be 
tapered, beginning with its greatest thick 
ness at the breach end where the highest 
pressures occur, being thinned down 
toward the end where the pressures are 
lowest. Of course a cylinder should be 
left thick enough in the walls to allow 
for re-boring when it is found necessary. 

In turning the head end of the cylinder 
to receive the packing which goes be 
tween the cylinder and cylinder-head, it 
has been my experience that a thread-like 
cut taken over the end of the cylinder 
after it has been turned true gives the 
best surface for a tight joint. I 
found it a good plan to test cylinder cast 
ings for flaws with water pressure before 
doing any machine work on them. The 
packing should cover the end of the 
cylinder to the edge of the bore, for if it 
does not there will be a larger pressure 
area on the cylinder-head than the area of 
the bore, which of course is the pressure 
area the studs in the cylinder-head are 
designed for. Putting graphite on the side 
of the cylinder-head packing adjacent to 
the cylinder will allow the head to be 
taken off without injuring the asbestos 
packing. If after the cylinder is finished, 
it is found to have a few porous spots in 
its bore through which the water from the 
jacket makes its way, it is common prac- 
tice to rust it up by applying a solution 
of sal ammoniac and hot water. It will 
quickly rust up after the water is drained 
off. 


have 


FITTING THE Piston Property 
In small engines the piston should be 
made a nice sliding fit in the cylinder. An 
excellent method of making the fina! fit 
is to drive the engine idle from a con- 
venient .line-shaft until the piston is in 





ure 
are 


‘on- 


the cylinder; 
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-ood working condition. When the engine 


is first started in the operation of smooth- 


ng it down, considerable heat will be 
renerated by the friction of the piston in 
this will soon cease as the 
irfaces wear into good condition. in 
rder to prevent unsymmetrical expansion 
of a piston when heated by the combus- 
tion of gases in operation, it is advisable 
to anneal it by heating it to a dull red and 
allowing it to cool slowly: In centering 
a piston in a lathe for turning, it should 
be trued up with the core; in this way it 
is possible to get a more uniform thick- 
ness Of metal in the finished piston and, 
in consequence, it will keep its circular 
form better when expanded by the heat. 


AP PAL 
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makes a good job and does away with the 
necessity of cutting new asbestos pack- 
ing when the case has to be removed from 
the engine in order to regrind the valves. 
The valve seats should be as narrow as 
compatible with the tendency to wear by 
the pounding of the valves. On a 3-inch 
valve seat, a surface about % inch wide 
gives good results and on valve seats 
smaller than 2 inches I find 1/16 of an 
inch of width gives good results. The 
wider the valve seat the more liable it is 
to collect foreign matter on its surface 
and thereby cause leakage. The valve 
face should overlap the seat, so that the 
valve seat will wear all over; then if the 
valve gets out of shape by having a groove 











FIG, 2 








Ground Joint 


FIG. I 


The piston should be plain on the com- 
bustion end so as not to retain easily any 
foreign substance or carbon deposit. 

In one case in my experience the pis- 
ton of a two-cycle upright engine was 
cupped on the head, with the result that 
when the engine was put to work carbon 
gathered in the hollow of the piston-head, 
got red hot and fired the charge prema- 
turely. They changed the form of piston 
to one with a plain flat head. 


How tHE VALVES SHOULD BE ARRANGED 

Vhen the inlet and exhaust valves are 
In removable cages it is best to have a 
ground joint between the head and the 


valve cage, as illustrated in Fig. 1. This 
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FIG. 3 


worn into it by pounding on the seat, it 
will be a simple operation to take a light 
cut off the valve and regrind it. If the 
valve is narrow and the seat wide, the 
valve will wear a groove in the seat and 
the seat will have to be turned, which is 
a more difficult operation than the turn- 
ing of a valve. 

Some months ago I had some trouble 
with an engine on account of the exhaust 
valve-stem sticking in the guide boss and 
holding the valve open; we first put in 
an oil tube for the purpose of lubricat- 
ing the stem, but this did not stop the 
trouble. We finally eliminated it by turn- 
ing down the valve spindle below the 
guide, as indicated at A, Fig. 2. I had 
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heard of the scheme before, but had no 
idea it would work so well. 
to prevent carbon from building up 
around the valve spindle at the end of the 
guide. In grinding valves I have found 
out by experience that it is best to grind 
as little as possible. Make the valve and 
seat a good fit; then grind till perfectly 
tight and no longer. 

In the sprayer valves of engines, such 
as the Diesel or Johnston oil engines, the 
valve has the least bit of a seat and the 
seat has a long taper, about 30 degrees 
with the center line of the valve, as in 
Fig. 3. In packing: the spindles of these 
valves I have used plaited candle wicking 
with graphite well worked into it, with 
good results. 

In packing small plunger pumps for 
pumping oil I have used, with good re- 
sults, a packing of candle wick with com- 
mon soap and graphite well worked 
into it. 

Several times I have been sent out with 
instructions to try and start an oil engine 
which was giving trouble and found that 
water in the fuel was the cause of balk- 
ing. The engine had been standing over 
Sunday, as a rule, and the water sus- 
pended in the oil had found its way to 
the bottom of the fuel tank and was 
consequently fed into the engine. 


The idea is 





Utilizing Gas-engine Exhaust 
Heat 


In these days of the development of the 
high-power gas engine the counterflow 
exhaust-gas boiler merits particular atten- 
tion. Where electrical power is generated 
by gas engines, or where gas engines are 
used as main power generators, consider- 
able heat economies may be effected by 
the use of the exhaust-heated boiler, and 
a large saving of fuel results wherever 
steam is required. In one plant where 
this appliance is used steam is generated 
by gas-engine exhaust heat equal to a sav- 
ing of 70 tons of coal per week. The 
evaporation of water has been found by 
tank measurement over a month to be 
about 4 pounds of water per kilowatt- 
hour, or, say, about 2% pounds per 
brake horse-power-hour. — The Electrical 
Magazine. 





The engineer who takes a lively interest 
in all matters pertaining to the generation 
and transmission of steam will he the 
successful engineer. The seeker for 
truth is doubly rewarded. His search 
gives a relish to his work that the mere 
time-server never knows, and his financial 
reward is usually increased with his in- 
creased knowledge. 





Glass grit for grinding valve seats can 
be made without danger to the eyes by 
hammering glass in an envelop of old 
roofing tin. 


The 
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Elevator 


Use of Strainers with the Crane Machine; Care and Management 
of the Morse and Williams Pulling Machine Already Described 





BY WILLIAM BAXTER, 


The action of the relief valve in the 
discharge pipe, the construction of which 
valve was shown in Fig. 194, on page 258 
of the February 18 number, is as follows: 

If when the car is coming down at a 
rapid rate, the main valve is suddenly 
closed, the water flowing out through the 
discharge pipe will form a vacuum in 
the latter, and then the valve will be 
drawn in and thus opened so that the 
air will rush in and reduce the vacuum. 
When the water stops flowing and is 
drawn back by the slight vacuum still re- 
maining, it will not strike the end of the 
main valve, because the air drawn in 
through the relief valve will act as a 
cushion, and as soon as it is compressed 
to atmospheric pressure, will act to hold 
the water back. 


WHERE STRAINERS ARE REQUIRED 


The hydraulic elevators are installed in 
a building where water under sufficient 
pressure to operate them can be drawn 
from the street mains or some other 
source, a fresh supply of water enters 
the cylinder at each stroke, and as it is 
liable to contain many impurities that 
could clog up the valves and prevent their 
proper action, it is necessary to provide 
strainers. One of the many designs of 
strainers in use is shown in Fig. 195. 
This is used with the Crane machines, 
and is made so as to be inserted in the 
supply pipe, preferably with the strainer 
grating B in a horizontal position. Above 
the grating B a piece of wire gauze is 
placed. Through the opening C the 
strainer is cleaned out whenever required. 

Very few elevator installations are 
operated with water drawn from the street 
mains nowadays, as it is not possible to 
obtain sufficient water for the purpose ex- 
cept in small places where there is a large 
supply at high pressure, and only a few 
elevators. In all large cities a pump is 
installed in the building and used to force 
water into a pressure tank from whieh 
the elevators are supplied. In such in- 
stallations the same water is used over 
and over again, the cylinders discharging 
into an open tank frofn which the pump 
transfers the water to the pressure tank, 
the latter supplying the cylinders. In such 
cases it is evident that if the water when 
drawn into the system is clean, it can 
be kept so; hence, a strainer is not re- 
quired, and it is not desirable because it 
only adds resistance to the flow of water. 
The general practice in such installations 


is for the makers of the elevators to place 
strainers in the supply pipe between the 
cylinder and the pressure tank, when the 
plant is first started, and to keep them 
in place for several weeks. This is done 
in order to get out any impurities that 
may be lodged in any part of the system. 
These strainers sometimes bring to light 
many things beside dirt and chips; nails, 

















FIG. 195 


screws, bolts and pocket knives are quite 
common. After the elevators have been 
running three or four weeks the strainers 
are removed. These strainers generally 


consist of a sheet of perforated brass that 
is clamped in one of the joints in the 
supply pipes so that its removal does not 
require any reconstruction of the piping. 
As water has to be supplied to the sys- 
tem from time to time to make up for 
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the inevitable loss by leakage, it is advis- 
able to put a strainer in the pipe through 
which this water is admitted, although 
it is not always done. 

In the Morse and Williams pulling 
machine, as in all other -forms of eleva: 
tor, the automatic-stop mechanism should 
be most thoroughly understood, and al- 
ways kept in perfect order. This part 
was described in connection with Figs 
152 to 154 in the article in the January 14 
number. These drawings, however, do 
not show the construction and operation 
of the mechanism as well as might be de- 
sired, and on that account the writer 
presents here a simplified diagram which 
illustrates the action of the several parts 
more clearly than is possible with actual 
working drawings of the apparatus. In 
Fig. 196 a side elevation of the vital 
parts of the stop-motion mechanism is 
shown at A; a plan view of A is shown at 
B, and an end view at C. The several 
parts in these diagrammatic illustrations 
are lettered the same as in Figs. 152 to 
154, in order to facilitate comparative ref- 
erences. The rods L and L are of square- 
section, as clearly shown at C, and to 
their ends are attached sprocket chains 
that run around the sprocket wheels P 
and f. The frames V and V support the 
rods L, L’ and also the rod L”, which is 
directly in front of L, as seen at B and 
also at C. The rod L” is held firmly in the 
rames VY, V and its function is to hold 
the arms JT, 7’, which are fastened upon it 
by means of suitable screws. The 
N and N’ are mounted up L. and L’, re 
spectively. The bar FR is fastened te the 
crosshead that carries the traveling sheaves, 
as shown in Fig. 152. The latch lever ft is 
pivoted upon the stop N, and is arranged 
to slide over a lateral projection from RK, 
as shown at C, in Fig. 196. The lever S 
is also pivoted upon the stop N, and its 
upper end is extended so as to engage 
with the lower end of the latch ¢ and be 
able to move the latter so as to lift it out 
of the path of the lateral extension on the 
bar R. 

The operation of this stop-motion 
mechanism is as follows: When the ele- 
vator car is at the lower landing, the bar 
R is at the right-hand end of the rods 
L, L’ and engaged with the latch of the 
lever t. the 


stops 


To move the car upward, th 
traveling sheaves have to move to tlie 
left, and the bar R carries the stop V 
with it, but when the lever S reaches thé 
stationary arm T it is prevented from ¢ 
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ing farther, and then its upper end 
swings over to the left and thereby lifts 
he latch t and disengages it from the bar 
R. The object of this operation is to 
open the stop-valve quickly when the car 
is started from the lower landing. As 
will be seen by looking at Fig. 152 the 
stop-valve is connected with the stop 
mechanism through a connecting-rod that 
extends from the end of the valve-stem to 
a crank-pin on a disk mounted on the 
same shaft with the sprocket Q (see Fig. 
153); hence, the movement of the block 
N by its engagement with the bar R acts 
to move the stop-valve from the closed to 
the open position. If the bar R did not 
carry the block N forward, the stop-valve 
would remain closed and on that account 
the elevator would only move as fast as 
the water could pass by it, no matter how 
much the main valve might be opened. 
Inasmuch as it is necessary for the 
sprocket O to rotate a certain angular dis- 
tance in order to move the stop-valve 
from the closed to the wide-open position, 
it follows that the amount of opening of 
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by the operator by moving the car lever 
so as to open the main valve to the proper 
point. 


How THE Stor-vALVE OPERATES WHEN 
STOPPING 

In the foregoing I have shown the oper- 
ation of the stop-valve mechanism in the 
act of starting; the following refers to the 
operation in the act of stopping. Assum- 
ing the car to be on the upward trip, 
with the bar R moving to the left, the 
block N will be left resting against the 
right side of stationary stop 7, and the 
bar Fk will continue moving to the left as 
the car runs up the elevator well. When 
the car reaches a point near the top 
floor, the bar R will be in the position R’ 
and will be carrying the stop N’ to the 
left with it. This movement of N’ will 
rotate the sprocket Q in a direction op- 
posite to that in which it was moved when 
the bar R pulled the block N along with 
it toward the stop 7; hence, the stop- 
valve will be carried back to the stop 
position, and the elevator will be stopped 
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this valve can be controlled by the posi- 
tion of the stationary stop T. Thus the 
position of the stop T with reference to 
the block N will determine the amount 
of opening of the stop-valve, and thereby 
the maximum speed at which the car can 
run; since this speed is dependent upon 
the volume of water that can pass through 
the stop-valve, that is, providing the main 
valve is opened wide enough to permit 
more water to pass through it than can 
pass through the stop-valve. The stop- 
valye is set so as to permit the elevator 
to run at the highest velocity desired, so 
as to make it impossible for the operator 
to run it at a faster speed. If the stop- 
valve were not adjusted so as to control 
the velocity, it would be possible for the 
Operator to impart a very high velocity to 
the car if it were empty or nearly so, and 
this velocity might be high enough to be 
dangerous. The position of the stop- 
valve only limits the speed of the car to 
the pre-determined maximum, but does 
not in any way interfere with running at 
any desired lower speed. Any velocity 
less than the maximum can be obtained 
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regardless of whether the operator moves 
the main valve or not. Considering this 
action of the bar R on the stop-valve 
through the movement of the stop N’ it 
is easy to see that if the stop is secured 
to rod L’ too far to the right, the car will 
be stopped before it reaches the top floor, 
while if it is set too far to the left, the 
car will run above the top floor before 
it is stopped by the action of the auto- 
matic stop. 


To Set THE Stop-vALVE MECHANISM 

From the foregoing it can be seen that 
to set the automatic stop-valve mechanism 
so that the car cannot run beyond a cer- 
tain speed, it is necessary to shift the sta- 
tionary stops T 7’ mounted on the rod L”. 
If these stops are moved toward each 
other, the maximum car speed will be in- 
creased, and if moved away from each 
other it will be decreased. If for any rea- 
son it is desired to run faster in one di- 
rection than the other, say on the up 
trip, this can be done by simply setting the 
stops T, 7’ in the proper positions. To 
run faster on the up trips, the stop T” 
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is set farther away from |’, that is, far- 
ther to the left. 

By properly setting the stops N and N’ 
on the rods L and L’ the car can be made 
to stop automatically and accurately at 
the top and bottom floors. If the car 
runs beyond the top floor, set N’ farther 
to the right, and in the opposite direction 
if the car stops before reaching the floor. 
If the car runs below the lower floor set 
the stop N to the left, or to the right if 
the car stops short of the floor. 

In order that this mechanism shall oper- 
ate properly it is necessary that the sev- 
eral stops remain in correct adjustment. 
It can also be seen that as the bar R is 
fastened to the crosshead of the machine, 
if it is not released by the latches tt’ 
at the proper time, it will continue to pull 
N or N’ along, and thus also pull T or 7” 
unless these are secured firmly enough 
to withstand the pull. In that case some- 
thing else will have to give way. If the 
car is running upward and the latch ¢ 
fails to release the bar FR, and the pull of 
the latter is great enough to draw the 
stop T along with it, the result will be 
that the sprocket Q will be rotated until 
the rods LL’ run into the sprockets 
f and P, and if this is sufficient to carry 
O through about one-half of a revolution, 
the stop-valve will be returned to the stop 
position and the car will stop. In prac- 
tice, however, the general result if the 
catch T fails to release the bar R is that 
something about the mechanism will 
break; therefore, it is necessary to keep 
these catches in proper working order. It 
is also necessary to keep the stops firmly 
secured so that the mechanism may not 
get out of adjustment, and thus fail to 
stop the car at the top and bottom floors. 

To insure that the stop-valve mechan- 
ism shall work well it is necessary that 
all the moving parts be kept clean and 
well oiled; this is particularly the case 
with the latch t and dog S. The oil used 
for these parts, as well as for the bear 
ings of rods L and L’ through the frames 
V, V, should be of a kind that will not 
gum. If the latch t and the dog S should 
become clogged in any way, they should 
be cleaned immediately with kerosene so 
as to work freely. It is necessary to keep 


all the parts in good condition so that 
there may not be too great a strain on 
the sprocket chains that pass around the 
sprocket wheels P and f. If one of these 
chains should break, the apparatus would 
become useless, and as the automatic stop- 
valve and its mechanism constitute the 
most valuable and reliable safety device 
attached to an elevator, they should never 
be allowed to run if not in perfect con- 
dition at every point. 





When valve-seat mills chatter or cut 
too freely, fill the teeth with good window 
putty and bake it hard on a*hot steam 
pipe; they will then cut perfectly true and 
smooth. 
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Worth-while Hints for Engineers 
and Steamfitters 





By WILLIAM KAVANAGH 


Engineers and steamfitters, particularly 
the latter, often make a mistake in as- 














FIG. I. PIPING REQUIRING UNIFORM FITTINGS 
suming that the dimensions of fittings to 
be ordered will be the same as those of the 
fittings to be replaced. Different manu- 
facturers of fittings have varying dimen- 
sions, and this should be particularly no- 
ticed when taking measurements for the 
overhauling of steam lines or connec- 
tions. 

Fig. 1 illustrates a job the writer or- 
dered a few days ago. A steamfitter of 
long experience and an experienced help- 
er were assigned to complete the job. 
The stop-valve shown at A had a rup- 
tured body and was to be replaced with 
a new valve. Owing to the steam main 
being close to the wall there was no 
spring to make up for any deficiency in 
measurement. 

The steamfitter took the length of the 
nipple at N, as the nipple had to be cut 
vut of the tee M, and ordered a new 
valve and nipple of the same size as the 
old. When the fittings arrived, the flanged 
union at F was disconnected and the pipe 
taken apart from the flange up to the tee 
M. 

The new nipple and valve were screwed 
in, and when the piping was up it was 
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FIG. 2. 


found the nipple containing the upper 
part of the flange union was over 11% 
inches short of its original position. Upon 
investigation it was discovered that the 
body of the valve A was 11% inches shorter 
than the old valve. 

The new valve was not bought from 
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the maker of the old valve, and neglect- 
ing to notice the difference in length re- 
sulted in keeping one of the engines shut 
down over six hours longer than was ex- 
pected, as the nipple N had to be taken 
out and a longer nipple substituted. 

In drilling and tapping holes in bumped 
heads of steam boilers, drums or pressure 
tanks, the holes should be drilled in such 
a manner as to obtain the greatest amount 
of surface and, therefore, the greatest 
number of threads. 

Referring to Fig. 2, the nipples A and 
D are tapped in correctly, while the nip- 
ples B and C, which are screwed in paral- 
lel with the plane of the tank body, are 
connected in wrongly. It will be noticed 
the nipples B and C do not encounter 
the same number of threads as the nip- 
ples A and D. 


An IMpoRTANT CONNECTION 


Fig. 3 illustrates a very important con- 
nection that should be made to the steam 
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chest of a pump. In most cases the 
steam pipe and throttle valve are con- 
nected directly to the steam chest without 
providing any means of breaking he con- 
nection should it become necessary to 
place a gasket beneath the chest at A. 

A very simple way to make this con- 
nection is to have the nipple N cut with a 
right-and-left thread. In this case the 
elbow would contain the left-hand thread. 
The connection would look neat, and is 
as easily broken or disconnected as the 
flanged union at F or the box union at B. 
Of course, the size of the pump and its 
location will determine, in a great meas- 
ure, the connection that should be em- 
ployed, but in any case a union of some 
kind is necessary. 

A very handy connection for the cir- 
culation and making of fresh brine is 
shown in Fig. 4. Usually, when the in- 
itial supply .of brine is to be made, the 
water must be circulated throughout the 
various coils, but if a connection as shown 
at A is made in the brine-pump discharge, 
the circulation of the water in order to 
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induce melting of the salt is accomplished 
without having to pump the water through 
any of the coils. The brine or water is 
sucked into the pump through the usual 
feed-pipe and discharged back in the 
brine tank by means of the valve 4. When 
the brine has attained its proper gravity, 
the valve A is closed and B is opened, 








FIG. 4. CONVENIENT CONNECTION 


thus permitting the circulation of the 
brine through the various cooling coils. 
In ice or refrigerating plants this connec- 
tion will be found a very handy arrange 
ment, as it hurries the making of the brine 
without having to force the water all over 
the plant. 


ENGINE OILING SYSTEM 

The oiling system of the old Ideal en- 
gine is a complicated one, and any engi- 
neer not acquainted with it may wonder 
why it is his crank-pin or main bearings 
run hot. In this system the crank-pin is 
covered with a hood which carries a 
trough on the inside. The crank-pit is 
partly filled with oil and when the crank- 
pin is in motion the oil is thrown into 
the trough, from which it circulates to the 
main bearings, the amount of flow being 
regulated by means of nipples and valves 
conveniently arranged for the purpose. 
Fig. 5 shows the crank-hood and the dot- 
ted curve line indicates the position of 
the trough, which is either soldered or 
riveted to the hood. The hood is fitted 
with two small holes, one on each side, 








FIG. 5. CRANK-HOOD 


for the purpose of inserting nipples and 
valves which convey the oil to the main 
bearings. The flow of oil to the main 


- bearings can be controlled in two ways, 


either by tipping the nipples up or down 
as indicated at N, or by closing or open- 
ing the valves. 











ed 
de, 


and 
iain 
1ain 
ays, 
own 


pe n- 





March 10, 1908. 


In order to insure a copious supply of 


oil on the main bearings, the hood should 
be regularly removed and the trough 


cleaned out. Another danger attendant 
with this system of oiling is the liability 


of the piston-rod  stuffing-box leaking 


steam, as the steam will condense and in 
time the crank-pin will be rotating in 
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FIG. 6. DISK AND CRANK-PIN BOX 


water instead of oil, thus increasing the 
danger of a hot pin or bearing. 

Fig. 6 is a sketch of the disks and 
crank-pin boxes of one of these engines. 
The disks are fitted with slots, which are 
shown at A, B, etc. The crank-pin boxes 
have holes drilled at the top as shown 
by the arrowheads, and these holes per 
mit the oil to flow to the crank-pin. 

When the hood is removed, the slots 
at 4, B, ete., should be cleaned by pass- 
ing a piece of wire through them, and ‘in 
this way when the disks are rotating the 
crank-pin boxes are sure to receive a reg 
ular supply of oil. Fig. 7 is a face view 
of one of the crank-disks, and the oil 
slots are shown at 1, 2, 3, 4 and 5 around 
the crank-pin through which the oil is 
discharged on the crank-pin boxes. 

In some cases the slots are so narrow 
it is necessary to use flat wire to clean 
them out. Particular attention should be 
given to the oilways cast in and around 
the engine bed, as the oil in flowing away 





FIG. 7. SIDE VIEW OF CRANK-DISK 


from the main bearings and eccentric 
finds its way back along these grooves 
and into the engine bed or frame, through 
holes cast in the sides of the engine 
trame, 

Close to the main bearings are fitted 
two oil guards, in which will be found 
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oil grooves. Fig. 8 is a plan view of the 
oil guards which prevent the oil from 
falling outside the engine frame on the 
fly-wheel side and also from splashing in- 
to the dynamo on the generator side. The 
oil in flowing away from the main bear- 
ings finds its way into these grooves, and 
thence into the engine frame. One of 
these channels is shown at A, Fig. 8, the 
groove or channel extending all the way 
around the guard. The oil guards are held 
to the engine frame by three small tap- 
bolts. There is danger of breaking these 
bolts when the caps of the main bearings 
are being removed, and for this reason 
care should be exercised in lifting off 
the caps. 

In setting the valve on this engine a 
very simple method can be _ followed. 
First place the engine on the center and 
remove the bonnet from the valve-chest. 
Slightly above the valve-bonnet will be 
found a number denoting the distance the 





FIG. 8. OIL GUARD 


end of the valve will be away from the 
steam-chest end. 

Place a straight-edge across the steam 
chest and measure the distance from the 
end of the valve to the straight-edge. If 
the distance of the valve from the straight- 
edge equals the distance stamped above 
the bonnet of the valve-chest the valve 
will be set correctly. 

In a roxIo-inch engine the distance 
stamped on the end of the steam chest 
equals 3 1/32 inch, hence the simplicity of 
setting the valve is apparent. 





The present is an age of marvelous ad- 
vancement along all lines. In turbines, 
in electrical transmission of heat, light 
and power, in the substitution of con- 
crete for stone and brick, and the use of 
iron shapes in structural work—in fact, 
in a hundred and one directions the en- 
gineer sees tendencies 
toward change. It is up to him to keep 
abreast of the times—to keep up with the 
procession. He should act as though he 


changes, and 


had a proprietary interest in the plant 
under his care. 


+» Pressure on a Steam Boiler 


By W. H. Boorn 


Some years ago it was desirable to 
raise the pressure of a certain steam 
boiler, but it was not thought sufficiently 
strong for the higher pressure owing to 
insufficient strength about the mouthpiece 
of the manhole, which was of full size. 
Therefore it was decided to rivet a stif- 
fening ring of steel inside the boiler 
around the manhole opening, the rivets 
of the mouthpiece being of course cut 
out and replaced by new rivets through 
the three thicknesses. 

Obviously a stiffening ring cannot be 
put on whole because it cannot pass 
through a manhole. Such rings are, there- 
fore, made in halves. It is obvious that 
two such half rings will strengthen a 
boiler shell quite as much as if they were 
one solid ring, provided the division line 
lies across and not lengthwise of the 
boiler. 

The shell of a boiler when cut away for 
a manhole hole 1s stressed along the lon- 
gitudinal center line at which the stress 
that should be borne by the cut-away por- 
tion is necessarily concentrated. The 
boiler tends to open out into two half 
drums by tearing along the longitudinal 
and not along the circumferential line. 
In the case in question the two halves of 
the strengthening ring butted together at 
the top of the boiler, the ring being riv- 
eted on, after being turned go degrees. 

This was worse than useless, for the 
plate had been pierced for additional riv- 
ets and rendered positively weaker. This 
is simply an example of how easy it is for 
good intentions to go astray. The owners 
followed good advice and employed a 
boiler maker to put on the ring when they 
felt free to raise the pressure. 

There is always a wide margin for 
safety allowed in steam boilers, or assur- 
edly this boiler would have exploded. 
The work was well done as regards qual- 
ity, but it was clear that the boilermaker 
was no engineer and that he had not the 
simplest notion of stresses. 

A very mathematically minded engineer, 
when told that a certain boiler flue of 
large diameter was showing signs of dis- 
tress, applied to an inspector to calculate 
the diameter of the oscillating circle and 
see what was amiss and take steps ac- 
cordingly. “Good heavens, man! what 
is the use of that? The thing has cal- 
culated itself and will collapse perhaps 
before the calculation is finished,” was the 
reply of the inspector. 

Fortunately the error was discovered 
before any harm was done in the first 
case, but in the second case an accident 
might have happened from too much 
learning. Is there not a tendency for a too 
mathematical mind to be obscure regard- 
ing matters of common sense? 
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Ratio of Heating to Grate 
Surface 





In the article under the above heading, 
on pages 24 to 28 in the January 7 num- 


published in 1902, mentions an experiment 
by some Frenchmen (20 years ago) in 
which they plugged half the tubes of a 
locomotive boiler and obtained increased 
efficiencies of about Io per cent. 

But another fact, and a very important 
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ber, the question which Dr. Lucke brought 
up has apparently not been answered. It 
was: Why is it that with a single stoker 
an increase in capacity of from I to 1.3 
lowers the efficiency from 1 to 0.8, while 
increase of capacity with double stokers 
from 1 to 1.7 does not decrease the effi- 
ciency at all? : 

Although a great deal depends upon the 
amount of air supplied per pound of coal 
in each case, still it may be fair to assume 
that for equal rates of combustion the 
same amount of air was supplied, because 
the stokers, being mechanical, probably 
fed the coal in the same amounts in each 
case, and the human element of leaving 
holes in the fire cannot very well enter 
into the problem. If this assumption is 
true, then we could expect unequal 
amounts of air to pass through the coal 
bed for unequal rates of combustion, and 
at the higher rates an excess of air might 
lave passed through the grates and there- 
by lowered the efficiency. As it happens, 
the rates of combustion per square foot 
of grate surface are lower in the case of 
the double stokers than in the case of 
the single stoker. This might help to ex- 
plain the lack of continuity of Dr. Lucke’s 
curves, which were shown on page 135 of 
the January 28 number. 

It pretty well established that the 
heating surface is much better able to 
absorb heat when the gases pass over 
it with a higher velocity. While recent 
tests have brought out this fact, Dr. John 
Perry, in a book on “The Steam Engine,” 
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one, is that the radiated heat from the 
fuel bed that is absorbed by the tubes may 
be very much greater in the case of two 
stokers than with one stoker. With one 
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stoker burning coal at a high rate per 
square foot of grate the fuel bed will be 
much thicker, and it is, probable that the 
heat will not be radiated as well as with 
a thinner bed spread over twice the 
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surface. With the heavy bed the air 
would take up the heat and then transmit 
it by contact with the tubes. But the heat 
transmitted in this way would not be ab- 
sorbed as readily as the radiated heat. 
It is known that the heat transfer due to 
radiation at higher temperatures increases 
very rapidly, while the heat transmitted 
by convection does not increase anywhere 
nearly as rapidly with increase of tem 
perature. 
F. W. Hotitman. 


Sparrow’s Point, Md. 





A Steam-chest Diagram 





We have been getting diagrams with 
sieam lines such as are shown in Fig, 3 
from our engines, and are not uble to ac 
count for the falling away. The engine 
is an 18x42 Brown, running at 90 revolu 
tions per minute. The connections from 
the boiler are short and direct, as are 
shown by the accompanying plan and ele- 
vation. There is no other outlet from th 
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MALLORY’S BOILER AND ENGINE 


pipe except a 1%4-inch connection to 
heating system, the valve on which was 
closed when these diagrams were tak«: 
I finally determined to take some steam- 
chest diagrams from the engine, but this 
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liagram, Fig. 2, has given us something 
ew to wonder over. We are not able to 
inderstand it at all. Can some of 
PowEr’s readers throw any light upon it, 
especially as to why the pressure should 
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wish some of your readers would give 
their experiences. Personally, I have 
held my hand close to a small jet of 
water issuing from a casting in which 
the pressure was 10,000 pounds per 
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draw down in the middle of the steam 
chest diagram, where there is apparently 
no draft being made upon the steam chest 
for steam? 
J. R. MAttory. 
Gaffney, S. C. 





Force of a Jet of Water 


Occasionally I have read the statement 
that a stream of water issuing from a 
jet under pressure will cut a person like 
a bullet, and if a small jet it will pierce 


the skin like a needle. I have been hand 


to 


square inch. In this instance, however, 
the water might have come through a 
reducing valve before reaching my hand 

Jostias McGavin. 


Cincinnati, O. 


Live or Exhaust Steam for 
Heating 


The question of whether to use live or 
exhaust steam for heating and manufac- 
turing purposes cannot be satisfactorily 
solved from the data given in the editorial 
reference to the subject, on page 196 of 
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LEVATION SHOWING THE CONNECTION HETWEEN MR. MALLORY’S BOILER AND ENGINE 


ling pumping machinery for several years 
and never met with such experience. 

in our shops there are men who do 
lothing but test pumps under all kinds 
f pressure, and I have yet to hear of 
anyone being cut by a jet of water. |] 


co 


the February 4 number, because they are 
incomplete. In order to estimate the rela- 
tive efficiencies and economies it would be 
necessary to have at least the following 
data as well as those given: What is the 
approximate amount of heat required to 
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heat the factory; will steam be used for 
manufacturing purposes, and if so, how 
much; will it be so constantly 
throughout the what is the cost 
of the coal in the coal bins and the cost 


used 
year; 


of the steam appliances and fittings in 
position? The answer to any one of these 
might make sufficient difference to war 
rant a change from one system to the 
other. 

Generally speaking, exhaust-steam heat 
ing is* the more economical, if properly 
installed. In most of the small (say up 
to 500 horse-power) manufacturing con 
cerns I have made professional visits to, 
I have noticed the utter absence of com 
mon sense in equipping the steam-heating 
system. Valves, checks, tees, bends, re 
turns, drips and traps are scattered around 
in a bewildering maze, with half the pip 
ing trying to drain the wrong way and 
with many parts hammering, banging and 
snapping, until the whole business seems 
to be on the point of going to pieces. For 
piping erected in this fashion only live 
steam, at full boiler pressure, can be ex 
pected to give any results at all, and then 
it is only by overwhelming force that the 
steam is able to penetrate into the various 
departments. 

This reminds me of a certain plant 
where the drips from seven departments 
all drained into a manifold and from 
there to a trap about 20 feet away, and as 
the manifold was out of drain it formed 
a pocket and every time the wind changed 
or a radiator valve was moved the water 
would promptly rush back into some de 
partment or other, and the poor engineer 
was on a perpetual jump juggling with 
the valves in his 


numerous desperate 


effort to keep each one quiet. | also know 
of a plant in Pennsylvania where open 
drips from a large portion of the factory 
were discharged under the floor, with the 
result that the bases of the posts, the sills, 
rotted 
years and had to be replaced, and in this 


the flooring, ete., away in two 


same shop one of the important 


traps was buried three feet deep (so it 


steam 


wouldn’t freeze), and goodness knows 


how many tons of steam it blew into the 
sewer. 


Conditions like these have thrown dis 


credit on exhaust heating and caused it 
to be looked upon as a theoretical fad 
and a practical failure, but it is not so, 


and I know of many plants where during 
the winter months every pound of ex 
haust with 
not be 


steam is utilized 
that 


any other system. 


a resulting 
economy could obtained by 
In the example suggested on page 196, 


the 200 horse-power in engines, if run 


condensing, will consume about 4000 
pounds of steam per hour and about 5000 
pounds of steam per hour when run non 
condensing. Suppose the coal costs $3 
per ton and the factory requires about 
3,000,000 B.t.u. per hour to keep things 


comfortable in winter, and also suppose 
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that no steam is used for manufacturing, 
while the fittings and equipment cost 
about the average. 

With live steam at 100 pounds for heat- 
ing and engines run condensing, 4000 
pounds of steam per hour will be used 
by the engines and 3430 pounds for heat- 
ing purposes, making a total of 7430 
pounds of steam per hour. If the boil- 
ers produce 9 pounds of steam per pound 
of coal this would mean an hourly con- 
sumption of 825 pounds of coal, of $1.11 
per hour for fuel alone; but it is also 
obvious that approximately twice the 
boiler capacity will be needed and twice 
the boiler attention—which is quite a con- 
sideration in these days of close com- 
petition. % 

In the second condition, where the 
steam-heating system is run under re- 
duced pressure, there is very little gain in 
economy, for although the actual con- 
sumption of steam will be reduced, owing 
to the condensed water being trapped at 
a lower temperature, yet against this there 
will have to be a considerably greater 
heating surface to compensate for the re- 
duced radiating temperature. However, 
there will be a decided increase in the 
general comfort, as the heating effect will 
be more general and there will be less of 
that intense local radiation which makes 
high-pressure heating so unsatisfactory to 
those who have to work near the radia- 
tors. 

In the third condition the engines will 
consume 5000 pounds of steam per hour, 
and as the exhaust from this is ample for 
heating the factory, this will represent 
the total steam consumption and the fuel 
bill will be reduced from $1.11 per hour 
to 75 cents. Besides this there will be 
fewer boilers, each requiring less atten- 
tion, and there will also be the more com- 
fortable low-pressure heating. Against 
this there will be the extra radiation sur- 
face and the first-class oil separator which 
is very necessary. There also has to be 
more “know how” and care used in plan- 
ning and erecting the heating system, and 
more care exercised in operating. The 
most economical back pressure seems to 
depend upon conditions and varies from 
3 to 8 or 9 pounds. I have found 5 
pounds to give the best all-round results, 
but the pressure would be best determined 
by actual tests. 

The fourth condition could not be used 
ig the example under consideration, as 
almost all the exhaust steam will be util- 
ized. There may be conditions, however, 
in which the percentage of steam used for 
heating purposes is very small, where this 
method would be practicable. 

The fifth condition, in my opinion, 
would not be practicable at all, although 
from a theoretical point of view it seems 
almost ideal; yet when one starts in to 
figure the amount of 


radiating surface 
required to heat an average factory, with 
the usual large amount of window sur- 
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face, frequent opening of doors, etc., and 
with zero weather outside and a gale 
blowing, to a comfortable degree with 
steam around 100 degrees, then one 
begins to wonder whether it would not 
be best to build the factory as one huge 
radiator and have done with it; and even 
then I am afraid it would be chilly on 
real cold days. 

Summing up, I would suggest the third 
example as the most economical from a 
practical viewpoint, and one that is 
actually giving the best results in many 
places, but again I must warn those who 
wish to use this system that experience 
and judgment must be used in the in- 
stallation, and it will have to be run by 
an “engineer,” not by a roustabout, if it 
is to give efficient results. 

GeorceE P. PEARCE. 

Exeter, N. H. 





Apportioning Charges 





On page 195 of the February 4 num- 
ber, “Lled” wants to know how to charge 
up fittings bought for a feed-pump which 





March 10, 1908. 


that, and the remainder could be charged 
to the heating system. 
Grorce G. BENNETT. 
Urbana, III. 





Placing Globe Valves 





When I was a “young fellow” I was 
operating a plant in central Nebraska, 
consisting of a Corliss engine and two 
horizontal tubular boilers connected as 
shown in the accompanying sketch. Boil- 
er No. 1 had a pop safety valve, while 
No. 2 had an old-style lever safety valve 
set to blow at a couple of pounds higher 
pressure than the pop valve, in conse- 
quence of which it never blew, while 
the pop valve took care of the surplus 
steam from both boilers. 

One winter night the steam gage to 
boiler No. 2 froze and burst. There be- 
ing no spare gage, we were compelled to 
operate the plant with that on boiler 
No. 1. The second day after the acci 
dent I noticed the steam pressure drop- 
ping rapidly, going down at a rate that 
left me no time to think about the mat 


ter. I went after the fires and poked 


a: 































| (Lever | 

|satety a ila 

Valve Mi) 
f_ 1H} 

} | | 





st 











THE PLACING 
owes its existence, so to speak, to the 
heating system. He has an excellent op- 
portunity to put part of his pump-repair 
bill on the heating system, or vice versa. 
As the pump is maintained primarily on 
account of the heating system, I should 
estimate the percentage of the total feed 
furnished by the pump and charge that 
proportion of the cost of fittings to the 
pump bill. Then take into consideration 
the value of the pump ds a stand-by, and 
the amount of work it does during the 
summer, adding at least 5 per cent. for 




















OF GLOBE VALVES 


and shoveled with all my might for 
few minutes, when with a terrific snort 
the old lever safety valve began blowing. 

I pulled both fires, and after the boil 
ers cooled we investigated and found 
that the main stop-valve for boiler N: 
2 had been put on so the steam passed 
down through it, and the disk had chosen 
the opportune moment when the gag' 
was out of order to unscrew and drop 
into the seat, shutting off the steam. 

Not the slightest doubt can exist that 
but for the timely starting of the old 
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lever safety valve the boiler would have 
parted company with its surroundings in 
a very short time. I learned several les- 
sons from the occurrence, the chief ones 
being never to put on a globe valve so 
the steam passes down through it, and 
always to keep the various boiler appli- 
ances in first-class condition, especially 
the safety valve and steam gage. 
JosEPH ‘ANDERSON. 
Knowles, Cal. 





Oil Fuel on Big Liners 





The “engineer of the British Admiral 
ty,’ referred to in the editorial on page 
197 of the February 4 number as having 
published figures regarding the use of oil 
fuel on ships like the “Lusitania,” seems 
to have a great deal more faith in the 
efficiency of oil fuel than published data 
appear to warrant. He states that in the 
“Lusitania” twenty-five stokers could do 
the work now requiring three hundred 
and twelve, which is perhaps a fact. He 
states also that the economy in space 
would make room for two hundred and 
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on her trip across the Atlantic. This 
fuel will give on the average somewhere 
in the neighborhood of 14,000 British 
thermal units per pound, as compared 
with which the oil fuel is rated usually at 
from 18,000 to 20,000. It would thus ap 
pear that the saving would reduce the 
necessary 5000 tons of coal to about 3700 
tons, which would indicate a saving of 
1300 tons instead of the 4000 which you: 
authority mentions, and which would 
moreover provide for merely the present 
speed instead of the increase. If the 
speed is to be increased, as mentioned. 
the requirement would still be for nearly 
5000 tons of oil fuel for the higher speed 
as against 5000 tons of coal in the present 
operation. ; 
S. G. Koon. 
New York City. 





How to Get Engine Clearance 
from Indicator Diagrams 





It occurred to me that the clearance of 
an engine could be plotted from an in- 
dicator diagram in the following manner: 
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TO GET ENGINE CLEARANCE FROM INDICATOR DIAGRAMS 


fifty more passengers and 4000 tons more 
of freight, which is not a fact. He states 
farther that the arrangement permitted 
an increase in speed which would take 
eight hours off the transatlantic trip. 
The latter statement would imply a 
trip made in about four days and twelve 


hours, as compared with four days and 
twenty hours, the best at present. This 
means an increase in speed from abou: 


twenty-four knots to nearly twenty-six 
involving an increase in the power of 
Some 35 per cent. The turbines, as iit 
ted, are capable of a very large overload 
Provided the boilers will furnish the 
Steam, and it is quite possible that this 
might be done by the use of oil. 

The whole proposition, however, hinges 
On the distribution of weights. The ship 
at present burns about 5000 tons of fuel 


In the accompanying diagram the in- 
itial gage pressure is 110 pounds. The 
absolute zero line C D is, for conveni 
ence, drawn at 15 pounds below the at 
mospheric line E F. 

By bi-secting the line A G, represent- 
ing the absolute initial pressure, at H 
and drawing the horizontal line H J, it 
will intersect the expansion line at a 
point K. 

Drawing the verticals K L and B M 
from this point and from the point of 
the cut-off B, we have G M, representing 
the initial volume less the clearance, and 
M L, representing the initial volume, 
since the expansion has reduced the pres- 
sure by one-half. By plotting N M equal 
to M L, the difference between G M and 
N M will give the clearance, N G. 


Is the above method accurate enough 
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for practical purposes, or has tempera- 
ture loss in the cylinder too great an in- 
fluence on the expansion curve to admit 
of fairly close results? 
H. NEDERBURGH. 
Chrome, N. J. 





What Caused the Rotor to Shift > 


On page 102 of the January 21 number 
“A. K. S.” asks the above question. He 
states that in the case of a 500-kilowatt 
alternating-current generator and cross- 
compound Corliss engine, on the shaft 
of which the generator rotor was pressed, 
after running some little time it was 
found that the rotor had shifted its posi- 
tion on the shaft nearly three inches. 
Originally it required 60 tons to press 
the rotor on the shaft, the press allow- 
ance being 0.005. 
back in place a pressure of more than 
72 tons was necessary and after running 
some days, we are informed, no farther 
shifting was found, and the machine is 


In order to get rotor 


now running all right. 

The casual reader would be apt to dis- 
credit the sincerity of this report. How- 
ever, I would suggest what seems to me 
to be a plausible explanation. If the 
rotor is of considerable weight, a momen- 
tary overdue rotative speed, that presum- 
ably might have occurred during the early 
period of the machine’s operation, might 
exert such centrifugal force as to tempo- 
rarily pull the mass of metal away from 
the shaft, and cause sufficient looseness 
to allow the rotor to shift along the 
shaft, in one direction or the other, ac- 
cording to some other exerting force. 
Provided the unit stress, tending to 
stretch the metal away from the shaft, is 
not in excess of the metal’s elastic limit, 
upon the removal of this stress, the rotor 
would return to its original tight fit on 
the shaft. If, however, the stress should ex- 
ceed the elastic limit, there would be a 
distortion or permanent set and, upon 
removal of the stress (stopping the rota- 
tion of the rotor), we would find it loose 
on the shaft. 

The fact that 72 tons pressure was re- 
quired to push the rotor back to its correct 
position, whereas the original pressure 
was only 60 tons, is not surprising, if we 
consider the probability that a slight cor 
rosion on the shaft might have taken 
place after the machine left the factory, 
or there might have been some unnoticed 
irregularities in the shaft. Again, the 
pressure gages may have differed some 
what. The fact that the trouble has not 
since occurred does not overthrow my 
theory, as the excessive rotative speed 
may have only taken place during the 
early operation of the machine. 

A. V. YOoueENs. 

Berkeley, Cal. 
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Tightening Nuts on Piston-rods 


On page 229 of the February 11 num- 
ber, W. F. Burrow takes Ed. H. Lane to 
task for his method of tightening piston- 
rod nuts. The writer has tightened many 
of them, and seen many more tightened, 
and unless an extra long wrench was at 
hand the sledge was invariably used where 
the rod was 2% or 3 inches in diameter. 
Nearly all engine builders send out short- 
shanked wrenches with the intention of 
having them mauled. Mr. Burrow does 
not give the diameter of the rod that was 
broken by the three men and a 6-foot 
wrench. It may have been only one inch 
for all we know; however, I venture the 
assertion that it was either under 2% 
inches, or was fractured at some previous 
time, and in a different manner. 

It seems to me that Mr, Burrow takes 
the wrong stand when he says: “I do not 
like to give my method of tightening nuts 
on piston-rods or anything else.” It has 
been my impression that the pages of 
mechanical papers are just the places to 
impart such information. If. he kas a 
wrong method and will show it up, some- 
body will put him right; if he has a good 
way and knows it, he should publish it 
and help somebody else. 

GeorGce R. WILLTAxis. 


Findlay, Ohio. 





Newspaper Engineering 

The editorial on ‘Newspaper Engineer- 
ing,” on page 234 of the February 11 
number, interested me exceedingly, espe- 
cially as I had just been reading a “fairy 
tale” in a prominent periodical, the article 
in question being entitled, “For the Se- 
cret of Flight, One Million Dollars.” In 
it, the author makes the statement: “In 
a steamship it is calculated that the heat 
from the burning of a sheet of letter pa- 
per will carry a ton a mile.” 

I am interested to know 
result was obtained, being under the im- 
that paper consists 
wood pulp and old rags. 


how such a 
pression mostly of 
The best kiln- 
dried wood will give about 7245 British 
thermal units per pound; the best an- 
thracite will 14,500 
thermal units; best 


about 3ritish 
the bituminous 
coal will give about 15,255 British thermal 
units. 


give 
and 


Four hundred and eighty sheets of let 
ter paper weigh approximately seven 
pounds, or one sheet will weigh 0.01458 
pound, and, considering it as good as 
kiln-dried would contain 
105.6 British thermal units. 

In the “Deutschland,” ot 


36,000 indicated horse-power, and 24,000 


wood, about 


steamship 


tons displacement, is consumed 1.4 pounds 
of coal per indicated horse-power, and 
she makes about 25 This 
shows that it takes 50,400 pounds of coal 
to 24,000 tons 0.08 4 


miles per hour. 


move miles, or 


25 
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pound of coal to move one ton a mile. 
Now, 0.084 pound of coal would contain 
about 1218 British thermal units, or about 
11.5 times the amount of power in a 
sheet of notepaper, if it were as good 
fuel as wood. If on the other hand the 
paper sheet is equivalent to 0.084 pound 
of coal, it would pay.to investigate the 
composition of letter paper. 
J. F. MAcWILLIaAMs. 
Lansford, Penn. 





Another Cow-power Advocate 


I was very much entertained and inter- 
ested in the description of Mr. Guessit’s 
method for utilizing wasted energy as de- 
scribed on page 264 of the February 18 
number. The idea is wonderful, but like 
all geniuses Mr. Guessit has overlooked 
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Protection for the Blow-off 


The accompanying illustration shows a 
good arrangement for the protection of the 
bottom blow-off of a return-tubular boiler 
The triangular brickwork is built up on 
two sides of the vertical section of the 
pipe with the angle toward the bridge wall 
This protects the pipe from the heated 
gases, which would eventually play havoc 
with it, if it should be allowed to become 
clogged to the exclusion of water. 

Epwarp T. BINNs. 

Philadelphia, Penn. 





How Should Brushes Be Set? 


In the February 11 number, on page 
218, is an article by William Westerfield 
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one or two small details, obscured prob- 
ably by the weightier idea. He should 
put a reverse-current relay in the circuit 
from the generator to the battery, so that 
if for the tail mechanism 
should get out of order and stop, the bat- 
tery current would not be discharged 
through the generator. The relay would 
open a circuit-breaker, which would have 
to be designed to close automatically when 
the had built up a definite 
voltage. 

The design of the spur to be used when 


any reason 


generator 


flies are scarce is no small matter, and 
there should be two instead of one, for 
if only one is used the operating mechan- 
ism may get hung on dead-center or tail- 
center. These two spurs should be placed 
one on each side and should be carefully 
adjusted for time of vibration, or peri- 
odically, so that the tail-shaft may have 
the proper frequency. 

If Mr. Guessit is about to organize a 
company for developing his wonderful 
idea, he is welcome to the suggestions 
herein and I will only ask for a few mil- 
lion shares in 
sation. 


the as 


conipany 


compen- 


I. Guess. 
Fairport Harbor, Ohio. 








Lo 
FOR BLOW-OFF 
with the above title. I do not think it 
really makes any difference whether the 
brushes are set as shown in Fig. I or as 
in Fig. 2, provided the brushes and com- 
mutator receive the proper care. I have 
had a dynamo under my charge for a num 
ber of years, with a commutator running 
against the brushes, and had no trouble 
with pitting of the commutator. 
I have found that where a motor oF 
dynamo is located in a room where there 
is much dust it is a good plan to have the 


FIG. I FIG. 2 


commutator run the brushes, as 


against 


shown in Fig. 1, because the dust will | 
work under the brush faces as easily as 
if the brushes trailed, as in Fig. 2; 
as stated before, the brushes and con 
tator must receive the proper care. 
H. JAHNK 
Milwaukee, Wis. 
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Piping Exhaust into the Pump 
Suction 





Referring back to the letter from G. 
\\. Wright, on page 7o1 of the October 
number, and the succeeding letters in an- 
swer to it, as to the advisability of pip- 
ing the exhaust from a 9x10-inch engine 
into the suction of a centrifugal pump, 
| would state that there is no danger in 
doing this whatever. As he states his 
case, the engine and pump discharges are 
on a common level and flooding could not 
occur under any condition but one, and 
that one is very remote. The increase of 
power or the saving of steam or fuel will 
be quite a surprise. 

A pump of this class would be a revela- 
tion to many persons who never used one, 
or who never had a real tussle, in frosty 
weather, with one that combined a leaky 
foot-valve with poor lifting capacity. 

Ordinarily these pumps have very little 
lifting capacity, and they must be started 
in one of three ways: First, by flooding 
from the discharge; second, by filling 
them by means of the priming pump 
built on the machine (for hand work) ; 
third, by means of a steam ejector, or air 
pump (for large machines). Nearly all 
have foot-valves and the better they hold 
the easier they are to operate. No mat- 
ter how used, all I have ever seen were 
at a standstill until the rotor casé and 
suction pipe were filled with water. 

When started, the flow of water is im- 
mediate and there is no danger of loss of 
vacuum by reason of exhaust. Nor will 
there be any noise of “water hammer,” if 
the pipe has a nozzle at the end like the 
ordinary blast nozzle used for induced 
draft in stacks. 

Several years ago while chief of a 
good-sized paper mill in the West, the 
water question was most discussed. We 
had a system of wells that nearly made 
up what we lacked, but the amount of 
quicksand was too much for a piston 
pump, so we had a large reservoir dug, 
bought a large air compressor and start- 
ed the Pohle air system, and it worked 
O. K. Soon after, other machinery made 
steaming uncertain, and at times the com- 
pressor would nearly stop. As a varia- 
tion of 10 pounds affected the running 
of this machine, I decided to put the ex- 
haust of this compressor in the suction of 
a two-million gallon piston pump pulling 
from the river, with a showing on the 
gage of 24% inches of vacuum. In a 
space of 40 feet between the two ma- 
chines we put the 4-inch exhaust in a 
24-inch length of 14-inch pipe fitted with 
flanges and heads; inside of this we 
placed a baffle-plate, and let in a 2-inch 
Stream of water. This made a very good 
condenser and the pump ran much more 
smoothly when it was receiving this than 
when the exhaust was thrown outside 
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The effect on the air com 
pressor was instantaneous, and necessi- 
tated a partial closing of the throttle. In 
fact, the saving was just enough to bal- 
ance the shortage in the boilers and eased 
off the hand-firing. 

This pump had a lift of 18 feet 6 
inches, with a lateral line of 460 feet of 
12-inch pipe leading to the river. I never 
could see any great difference in the 
starting of the pump, either with it 
thrown in or out. 


into the air. 


Burr M. Seymour. 
Sandusky, O. 





J. C. F.’s Faulty Indicator 


Diagrams 


The indicator diagrams submitted by 
“J. C. F.” and shown on page 263 of the 
February 18 number, may indicate the 
condition of his valves, or may not. The 
writer would suggest that he examine his 
indicator, the reducing motion of which 
1 believe is not in the best working con- 
dition. From the wavy condition of the 
lines I should judge that the indicator 
piston sticks. It should be thoroughly 
cleaned and oiled; also the indicator 
cylinder. The paper drum does not travel 
the same distance always, which would 
indicate lost motion in the reducing 
motion, or the pin in the crosshead, to 
which the cord from the reducing wheel 
is attached, springs. 

His Fig. No. 1 shows that the admis- 
sion is altogether too early and, the 
engine being of the slide-valve type, all 
other events will be too early. This would 
account for the excessive compression 
shown by the loops at the top. 

The crank-end diagram, Fig. 2, is fairly 
good. The admission is a little too early 
and the compression is excessive, but the 
cut-off and release are about right. This 
suggests something wrong with the indi- 
cator. The head-end diagram, Fig. 2, has 
too early admission and the compression 
is too great. It is difficult to determine 
where cut-off takes place in this diagram, 
as steam seems to be admitted to this end 
of the cylinder almost to the end of the 
stroke, while in fact with the early admis- 
sion here shown the cut-off should be 
equally early and the expansion line 
should fall away more than it does. This 
may indicate a leak in the valve up to a 
certain point in the stroke, or a defect in 
the indicator. 

This engine, I presume, has the regular 
Russell governor, by which the eccentric, 
which is mounted on another eccentric 
and fastened to the shaft with set-screws, 
is controlled. Undoubtedly this ecéentric 
has slipped, which caused the knock to 
appear so suddenly and is responsible for 
the early admission and excessive com- 
pression. I would suggest that “J. C. F.” 
decrease the angular advance of the 





379 


eccentric, even up the travel of the valve, 
and make sure that everything in connec 
tion with the indicator is as it should be; 
after which the diagrams should show a 
different outline and the knock should be 
less. 

Should the compression still be enough 
to form a loop at the top of the card it 
may be necessary to reduce the inside lap. 

A. K. VRADENBURGH. 

Albany, N. Y. 





Furnace-firing in India 


In my apprenticeship days in a large 
cotton mill the mechanical stoker attached 
to one of the boilers, instead of serving 
its purpose of saving coal and at the 
same time spare a fireman, required a 
skilled fireman, together with a “cooley,” 
to break the slack coal to the proper size 
In the pile it ranged from dust to two 
inches, and if by chance the large pieces 
passed into the hopper, the stoker plun 
ger would not work properly. Also, if 
by chance the slack dust passed in a large 
quantity, then the plunger would throw 
it in a lump in one spot on the fire bed 
To remedy these things, it was necessary 
to open the fire door very often, which is 
a bad practice, so hand-firing was re 
stored. 

We had eight boilers arranged in bat 
teries of six and two. The fire-grate area 
in each case was 7 X 4.25 = 29.75 square 
feet, and the slack coal consumption be 
ing 26 long tons per day of 11.75 hours, 
the total daily consumption ot each boil 
er was 


700 26 = 7280 pounds, 
and 
7280 _ 
ee 619 pounds 


per hour per boiler. 

We employed four firemen, each work 
ing one hour alternately on the six boil 
ers, so each fireman had to fire 619 & 6 = 
3714 pourids of coal in one hour. One 
should not be surprised at this figure, as 
after performing his duty of one hour 
the fireman rests for the next three hours 
and then goes to work again. We also 
had a sarang, i.e., a head fireman, one 
water tender, two poker men and three 
ash-carriers. 

PF: Be Es 

Ahmedabad, India. 





What Causes Boiler Tubes 
to Spring > 
In the Inquiries section, on page 236 
of the February 11 number, a correspon- 
dent asks what causes the tubes in the 
bottom row of a Heine boiler to spring 
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upward, and if due to overheating, why 
do they not spring downward instead of 
upward? The answer which was pub- 
lished in that connection seems to me to 
be entirely at variance with sound reason- 
ing, and also with the facts stated. 

In the first place, it is stated that the 
tubes in the Heine boiler sometimes spring 
upward. It has been my experience that 
the tubes of the bottom row in this type 
of boiler almost always spring upward and 
rarely downward, unless the cause of dis- 
tortion has been due to a very heavy 
coating of scale, or the entire absence of 
water, when the tubes are liable to be 
distorted in various directions, but gener- 
ally downward. The tubes in other types 
of horizontal water-tube boiler that are 
supplied with vertical baffling do not seem 
to have any fixed general direction of 
distortion when overheated in regular 
service, except possibly more are deflected 
downward than otherwise. 

Again, the answer states that the tubes 
spring upward due to the overheating of 
the top of the tubes, on account of the 
contact of the fire-brick baffles making 
them hotter on top than on the under 
side. It is inconceivable to the writer how 
a fire-tile interposed between the fire and 
a tube can cause the portion of the tube 
so covered to become more highly heated 
than the portion exposed directly to the 
fire from which the tile derives its heat. 
To illustrate the point to those who are 
not familiar with the baffling used in the 
Heine boiler we may refer to Fig. 1, which 
shows a section through the lower rows 
of tubes and the baffling, the arrows indi- 
cating how the heat and flame from the 
furnace impinge on the tubes and baffles. 
As stated, the reason given in the pub- 
lished answer for the tubes bowing up- 
ward is that the points A become hotter 
than those marked B, which appears very 
illogical to the writer. 

The real reason for the tubes bowing 
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this side than it was originally, and there- 
fore it has to bow upward to accommo- 
date the change in length of the lower 
side. The action is cumulative and does 
not take place suddenly, generally extend- 
ing over a considerable period. The 
metal upsets on the bottom owing to the 
fact that only a small portion of the cir- 
cumference is heated and the relatively 
cool portions resist distortion to such an 
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Sawmill Engineering 


We have six 66-inch by 16-foot high 
pressure boilers, two 16-inch slidc-valve 
engines (made years ago, nobody knows 
where or when) and a g-inch Atlas en- 
gine. We run two double-cut band-saws 
and two band “re-saws.” We cut from 
100,000 to 120,000 feet of lumber in ten 
hours. We burn the refuse from the mill, 








Straight Edge 











extent that the expansion of the heated 
portion lengthwise of the tube can only be 
accommodated by the upsetting of the 
metal. 

That this explanation is not merely an 
unsupported thedry of the writer can be 
proven in a short time by anyone who is 
enough interested, as follows: Procure a 
section of tube two or three feet long 
(the longer the piece the more readily the 
deflection is shown), preferably new and 
straight, and heat it in spots with a blow- 
torch, always heating it on the same side, 
and cooling each spot, after it has been 
heated to a dull red, with water. The 
writer used a standard gage tube three 
inches in diameter and 24 inches long, 
and after ten spots along one side had 
been heated and cooled alternately, the 
portion heated red each time being about 
one inch in diameter, the tube had sprung 
in at the middle of its length about 1/16 














up (in the opinion of the writer) is just 
the reverse to that given in the answer 
to the question of “P. T.” That is, the 
baffling protects the upper portion of the 
tubes to such an extent that the lower 
portion is heated locally, due to accumu- 
lations of scale, and these locally heated 
spots, with the subsequent coolings, cause 
the metal along the bottom to be upset 
and the tube is consequently shorter on 





part of which goes through a grinder or 
hog, whence it is conveyed by a chain con 
veyer across the boilers and dropped be 
tween them onto the grates. 

My employer wants me to get along 
without dampers, and I would like to ask 
other sawmill engineers and engineers in 
general how many of them run their boil- 
ers without a damper somewhere between 
the boiler and the top of the stack. 

I am using a blow-off device which 
may interest some readers. Everybody 
knows the trouble, when washing out boil- 
ers, caused by scale-clogging the blow-off 
pipe and valves; also, that a 2-inch open- 
ing is large enough to use when the boil 
ers are under pressure, but not when 
washing out. I have run a 3-inch pipe 
from the boiler, down and out through the 
back wall. On this is a 3-inch cast-iron, 
flanged tee, with a 2-inch threaded open 
ing on the side, into which is connected 




















inch, as shown in Fig. 2, where the small 
segments of a circle along the top indi- 
cate the points where the tube was heated. 
That this action may be duplicated in the 
operation of boilers of the Heine type is 
easily understood by those who have had 
experience with scale accumulations in 
water-tube boilers. 

* — §. F. Jerer. 
New Haven, Conn. 


a 2-inch blow-off valve, the outer end 
being closed by a blind flange. When 
boiler-cleaning time comes, and the steam 
is down, a stick is set between the blind 
flange and the boiler-house wall; the bolts 
are then removed and the prop knocked 
out. The blow-off valves are kept closed 
while washing out and no trouble 1s ex- 
perienced with loose scale plugging te 
blow-off. I am using this arrangement on 
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boilers at the sawmill, four at the 
tory and six at our plant in another 
n. 


SAWMILLL. 
lerrill, Wis. 





A Faulty Blow-off Arrangement 





When I came to my present position, 

little more than one year ago, I found 
the plant in bad shape. Everything is 
old-styled and- inconvenient, but the 
worst that I have to contend with is a 
blow-off tank into which I blow down 
the boiler to relieve the pressure on the 
sewer pipe. This tank is round, with a 
double head*on the overflow end, inten- 
ded, evidently, to form a trap, which it 
would if the vent opened to the atmo- 
sphere instead of being connected to the 
exhaust pipe in the stack. The trouble 
is that the exhaust steam strikes the tee 
in the stack and deflects the best part of 
it back into the blow-off tank and out 
through the overflow pipe into the sewer. 
The steam gets into the house pipe when 
the swinging gate in the sewer pipe is 
blown off, as has happened several times. 
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to put a valve in the vent pipe, as at X 
in the sketch, mark the water glass and 
the drain with ink. However, this also 
seems impracticable, as the water might 
back into the exhaust, or get into the 
pump cylinders. Besides, I think it would 
cause hammering. The drip from the 
exhaust hood enters this pipe also. 
J. P. Mirter. 
Baltimore, Md. 





How to Tell Whether a Boiler 


Has Been Blown Down 


The subject of blowing down boilers 
that has been discussed in Power from 
time to time has struck me very forcibly, 
and the letter on page 151 of the January 
28 number, by George P. Pearce, brings 
me to the point where I can no longer 
keep still. A 


boiler can be blown too 
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FAULTY BLOW-OFF ARRANGEMENT 


The heat in this pipe is‘ liable to cause 
the lead joints to give way, sending sew- 
er gas through the house, besides which 
it costs hundreds of dollars for repairs. 

| cannot get the management to un- 
derstand that a change is necessary, be- 
cause there will be a little expense. There 
are three ways to remedy the trouble, 
two of which I do not like. The right 
way, as I view it, is to disconnect the vent 
pipe from the exhaust in the stack and 
run the former to the roof, a distance of 
about 60 feet. 

\nother way that might work is to put 
a valve in the overflow pipe to the sewer, 
compelling the steam to condense in the 
tank until it has formed a trap, which 
Would necessitate a water glass to see 
how much water collected, so some of it 
could be let out. This would cause a 
hammering in the tank. Another way is 


much as well as not enough; not for the 
good of the boiler, I do not mean, but for 
the benefit of the coal pile; but putting 
in telltales, fixing up electrical devices and 
buying watchmen’s clocks, etc., is going a 
little too far, I think. 

If the chief engineer wants to know 
that his boilers are blown down regularly, 
let him instruct his fireman or _ boiler 
tender to that effect, and then see that it 
is done. Some may say that he cannot 
watch them every day. There is no need 
to do so. Let the employer hire compe- 
tent men who can be trusted, pay them 
living wages and let them know that 
they are trusted, and there will be no 
farther trouble. If I had a fireman I 
could not trust, or who did not do his 
duty, someone else would get ‘him at short 
notice. 


As for the owners of plants, if they 
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have men in their employ whom théy in 
the least suspect of not caring for their 
plants as they should be cared for, not 
blowing down the boilers as they should 
be blown down, they had better dispose 
of them along with their automatic tell- 
tales and electrical watchmen, and then 
hire trustworthy men and pay them ac 
cording to their ability. 

M. E. Wesser. 
Lestershire, N. Y. 





Cause of Lubricator Troubles 


I have seen many remedies suggested 
for lubricator troubles, but the real cause 
has never been mentioned, i.e., allowing 
the lubricator to run empty of oil before 
refilling. 
such 


The change of temperature in 
leaks 
If the lubricator is not allowed to 
get hot, and the drop-feed is not opened 
too soon after refilling, the water im the 
glass will always remain clear and oil will 
not stick to the sides. 


case will 
where. 


soon cause every 


I have also in mind the oft-repeated 
theory that it is the difference in pres 
sure between the inlet and outlet pipes of 
a lubricator that causes it to feed. That 
is correct as far as it goes, but it would 
have been more to the point to add that 
the difference in specific gravity of the oil 
and water is the main principle upon 
Which a lubricator works. 

ALBERT L. 

Douglas, Alaska. 


ANDERSON. 





A Frisky Steam Gage 


Tall stories are often told in connec 
know, but | 
herewith submit a story the accuracy of 


tion with steam plants, | 
which I can testify to, while others can 
vouch for its truthfulness, also. | 


on watch 


was 
aboard a ship, in 


the engine and boiler rooms. 


charge of 
My atten 
tion was called to one of the pressuri 
gages, the pointer of which was gradual 
ly indicating a pressure above that in 
dicated by the others, viz., 200 pounds 
There Scotch 
nected, the main stop-valves being of the 
non-return type. 


were three boilers, con 
When the pressure as 
indicated by the gage referred to reached 
250 pounds, I had the ash-pit dampers 
closed on that particular boiler, and then 
He seemed 
annoyed that I should trouble him with 
“fairy tale.” The pressure shown 
gage gradually fell to 
removed 


spoke to the chief about it. 


such a 
by the normal! 
when I 


went well. 


the dampers and all 

This gage had never given any trouble 
and when tested was found correct. 1] 
do not ask for an explanation, but must 
emphasize that I am_ not 
“brain storms.” 


addicted to 


FRANK HILTON 


Somerville, Mass. 
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The Purchase of Coal under 


Specifications 


The farmers of the country show more 
business judgment in the purchase of fer- 
do many manufacturers in 
buying coal, is the assertion with which 
D. T. Randall, of the United States Ge- 
ological Survey, introduces a considera- 
tion of the “Purchase of Coal under 
Government and Commercial Specifica- 
tions on the Basis of its Heating Value,” 
recently issued by the Survey and ob- 
tainable by requesting from that depart- 
ment Bulletin No. 339. 

The Government is a large purchaser 
of coal, spending some $6,300,000 per year 
for fuel. Some time ago the necessity 
for a more uniform standard in the pur- 
chase of coal became apparent and the 
plan of buying it on the basis of its 
heating value was introduced in a few 
of the departments. Many large com- 
inercial consumers in the United States 
have been purchasing their coal on con 
tracts of this nature for some time. 

The present paper summarizes the in- 
formation on this subject obtained by the 
Survey, including examples of specifica- 
tions now in use, and analyses of some 
of the coal purchased by the Govern- 
ment during the winter of 1906-07. The 
purchase of coal on specifications is as 
advantageous as a definite understanding 
regarding quality and other features of 
any other product, or of a building oper 
ation, or an engineering project. The 
man who buys under a specification gets 
what he pays for and pays for what he 


tilizer than 


gets. 

The aim in the purchase of coal for 
any power plant should be to obtain a 
fuel which will produce a horse-power 
for the least cost, all things being con- 
sidered, such as the equipment, the price 
of coal and the cost of labor and repairs. 

The value of a coal is indicated by the 
number of heat units it contains. When 
coal is mined it contains moisture to a 
greater or less extent. It is exposed to 
the air in shipment and may either dry 
out or be drenched by rain. The mois- 
ture in the coal delivered 
to the purchaser and really costs him a 
considerable amount in freight and car 
tage and in the of heat absorbed 
during its evaporation in the furnace. 
Chemical reports should be made on the 
basis both of the dry coal and the coal 
The dry-coal basis is con- 


is worthless 


loss 


as received. 
venient for comparing several coals in 
regard to the relation of each element to 
the others, because the moisture in the 
same coal varies from day to day, and 
also for comparing the performance of 
boilers when burning the same or similar 
coal. 

Ash is made up of earthy matter and 
will not burn 


other impurities which 
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(New York Board of Education please 
take notice). In commercial coals this 
proportion may range from four to twen- 
ty-five per cent. Coals containing small 
percentages of ash are most valuable, not 
only because of their correspondingly 
higher heating capacity, but because there 
is less resistance to the free and uniform 
distribution of air through the bed of 
coal. The labor and cost of managing 
the fires and handling the ashes are also 
correspondingly less and are to be con- 
sidered in the choice of a coal. With 
the ordinary furnace equipment there may 
be considerable loss of efficiency and ca- 
pacity through a large percentage of ash. 
In some experiments made to determine 
the influence of excessive amounts of 
ash, coal containing as high as forty per 
cent. would generate no steam when fired 
on a chain grate and therefore the effi- 
ciency and capacity of the plant would be 
zero. Such coal would not only be worth- 
less but involve a direct expense due to 
the cost of the handling of it. 

The volatile part of coal as shown by 
the analysis may in some coals be all 
combustible, but it generally contains 
some inert matter. It varies in different 
coal deposits and makes it impossible to 
determine the heating value of the coal 
from the proximate analysis alone. More. 
over, not all coals having the same pro 
portion of volatile matter behave alike 
in the furnace. It is important to note 
both the chemical composition and the 
British thermal units in order to deter- 
mine the value of one coal as compared 
with another for the same purpose. Oth- 
er impurities with sulphur often form a 
clinker which shuts out the air and in 
creases the labor of handling the fur 
nace. It is possible to burn coal contain- 
ing up to five per cent. of sulphur with- 
out particular difficulty from clinkers. A 
little steam grate 
will relieve most Clink- 
er may be due to other causes than sul- 


introduced under the 


of the trouble. 


phur, as any constituents to the ash 
which are easily fusible may produce 
it. 


The size of the coal influences the ca- 
pacity of any given equipment owing to 
its effect on the draft. With a poor draft 
fine coal cannot be burned in sufficient 
quantities to maintain the greatest capa- 
city. If thin fires are resorted to the ef- 
ficiency is usually lowered as a result of 
an excessive supply of air through holes 
in the fire. When dust and very fine 
coal are fed into the furnace, they either 
check the flow of air or are taken up by 
the draft and after being only partly 
burned are deposited back of the bridge 
wall or drawn up the stack to the an- 
noyance of the people in the vicinity. If 
this dust is completely burned in passing 
through the furnace, there is of course 
no loss of fuel. It has been found that 
coal of a uniform size is the most satis 
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factory, as it does not pack so 
as a mixture of sizes. 

In general, it may be said that in any 
market the coal obtainable at the lowest 
price is the most economical provided 
the furnace equipment is suitable. If the 
furnace is not so designed as to permit 
the use of the cheaper coal it should be 
changed. The results of tests tend t 
show that, other conditions being equal, 
coals of similar composition are of value 
in proportion to the British thermal units 
in the coal as received, a basis on which 
indeed all coals may be valued approxi 
mately. It should be remembered, how 
ever, that the value of a coal for any 
particular plant is influenced by the fact 
that all furnaces are not equally suitabk 
for burning the many grades of coal 
Aside from this factor coals may be com 
pared in terms of the British thermal 
units obtainable for one cent, or on thx 


closely 


cost per million heat units. 

In the purchase of coal, then, attention 
should be given to the character of the 
furnace equipment and the load, the 
character of coal best suited to the plant 
conditions, the number of heat units ob 
tainable for a unit price, the cost of 
handling the coal and ash and the pos 
sibility of burning coal without smoke 
and other objectionable features. 

A form of specification used in pur 
chasing coal by the Government is sub 
mitted. This contains the provision that 
coals containing more than specified per 
centages, based upon dry coal, of ash, 
volatile matter, sulphur and dust and fine 
coal as delivered at the point of consump 
tion will not be considered, and the con 
tract shall not be binding if the coal fails 
to give satisfactory results owing to ex 
cess of clinkering or a prohibitive amount 
of smoke. 

Payment will be made on the basis of 
the price named in the proposal for the 
coal specified therein, corrected for vari 
ations in heating value and ash as shown 
by analysis above and below the standard 
established by the contractor in his pro 
posal. For example, if the coal contains 
two per cent. more or less British ther 
mal units than the established grade, the 
price will be increased or decreased two 
per cent., accordingly. For all coal which 
by analysis contains less ash than that 
established in the proposal a premium of 
one cent per ton for each whole pe! 
cent. less ash will be paid; an increase 
in the ash content of two per cent. over 
the standard established by the contractor 
will be tolerated without exacting a pen 
alty for the excess of ash. When this ex 
cess exceeds two per cent., greater reduc 
tion will be made in accordance with 4 
table contained the  specificati: 
Copies of specifications used by priv 
interests 3altimore, Chicago, India: 
apolis, Minneapolis, St. Louis, Clevela 
and New York are also given, toget! 


in 


in 
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ith tabulated analyses of coal as deliv- 
red to the Government, and a list of 
yvernmental and other publications on 
al. 





An Old Corliss Steam Engine 


By JoHN R. Hess 


One of the most remarkable old steam 
engines built in Providence by George 
11. Corliss is a beam engine now run- 
ning in the Charles street Corliss works. 
It has a record of 58 years of steady 
service, and with the’ exception of the 
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About thirty-five years ago one of the 
wheels was removed, and in place of the 
original cylinder with an inclined valve 
gear, the cylinder shown in the illustration 
was substituted. The same engine and 
cylinder were in operation at the World’s 
Fair, New York, in 1852. 

At first the speed was about 50 revolu 
tions per minute, but after these changes 
it was increased to 60 revolutions per 
minute. The fly-wheel now on the en- 
gine is one of the two dating back 58 
years, and until recently the engine fur- 
nished power for the entire shop. A 
short time ago another engine was in 
stalled to take part of the load, but the 


OLD CORLISS ENGINE IN SERVICE FIFTY-EIGHT YEARS 


cylinder the engine is substantially the 
same as when built in 1849. It is the 
belief at the Corliss shops that with prop- 
er care the old engine is good for 50 
years more of service. It was built by 
Mr. Corliss in an old shop located in 
what is now the railway yard. This en- 
gine had a 14-inch cylinder with a 5-foot 
Stroke, and at first was run condensing, 
but on account of insufficient water sup- 
ply the condensing apparatus was removed 
nd since 1856 or 1857 it has been oper- 
d non-condensing. 
Originally there were two belt fly- 
els on the shaft, the diameter of each 
being 16 feet with faces of 24 inches. 


= 


old-time vertical beam engine is, as stated, 
as efficient as when steam was first ad 
mitted to the cylinder. 

During the Civil War this engine drove 
the machine on which the turret-ring of 
the “Monitor” was made, and the Corliss 
shop was the only ore in the country hav- 
ing facilities for planing the ring on which 
the monitor turret revolved. The work 
was completed in. Providence just in 
time to enable the “Yankee cheese-box” 
to meet the confederate ram, “Merrimac.’ 

The old engine also drove the tools 
employed in building the Corliss beam 
engine exhibited in Machinery Hall at 
the Centennial in Philadelphia in 1876. 
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Coal Valuation 





By W. H. Booru 


Che selling of coal according to its 
calorific capacity is a policy which the 
writer advocated for many years. The 
specifications by the 
United States Government is a step in 


preparation of 


the right direction, which should help to 
place the purchase of coal upon a much 
sounder basis. The market value of coal 
cannot, of course, be directly stated in 
terms of its calorific capacity per unit of 
weight; nor do the relative values of two 
or more fuels remain constant irrespec 
tive of distance from the source of sup 
ply. Indeed the positions of mine and 
furnace are quite important factors in 
determining the factors of any fuel. 

A pure fuel, free from ash or mixture, 
may have a calorific capacity of 14,000 
British thermal units per pound. If the 
coal contains 10 per cent. of ash or min 
eral matter, its calorific value will be only 
about 13,140 heat units per pound. If 
it also contains water, the calorific value 
will be still farther reduced by 966 heat 
units for each pound of moisture, plus 
the number of thermal units represented 
by the sensible heat of the water vapor 
lost up the chimney. 

As an illustration of the value of two 
fuels, let two samples be assumed of 30, 
000,000 and 27,000,000 heat units per ton 
and with ash contents of 3 and 13 per 
cent., respectively. In each case the fuel 
costs a dollar in carriage per ton. The 
better coal is sold for $3 at the pit; the 
2.70 at the pit, 
or on the relative calorific values only 


second coal is sold for 


To cart away ashes, however, costs 75 
cents per ton of ash. What then does 
each coal cost per million heat units, in 
the power house? No. 1 costs $4, plus 
ash cartage, and this is 3 per cent. 
of 75 cents or 2.25 cents. The total cost 
is therefore $4.0225 for 30,000,000 heat 
units or 13.408 cents per million units. 
The second coal, by the same process of 
reckoning, is found to cost 14.06 cents 
per million thermal units. Thus, on the 
basis of heat units, too much is paid for 
the cheaper coal, which ought to be sold 
for $2.53 per ton to be of equal value 
to the consumer. But even here a limit 
has not been touched. There remain the 
cost of offering, of extra cleaning and 
so on, upon which points no very exact 
figures can be dogmatically laid down, 
but it might perhaps be approximated as 
a useful guiding figure if, in a comparison 
of two coals, the value per ton of the 
dirtier fuel were decreased by double the 
extra percentage of dirt. In the example 
cited this would leave the cheap coal to 
be sold at $2.40, and its final cost would 
be 12.95 cents per million heat units, 
thereby leaving a margin of half a cent 
for the extra cleaning required. 
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Is Not the Moral Obvious ? 


The ordinary man does not expect to 
witness miracles. He knows in an ordi- 
nary sort of way that action and reaction 
are equal and that the water that turns 
the mill will not pump itself onto the 
upper side of the dam. But there is to 
him a vast, unexplored field of chemical 
science and he does not know what treas- 
ures may not be hidden there. He has 
seen the advent of the telephone, phono- 
graph and wireless telegraph; he has seen 
the coal in the boiler room transformed 


into light and power and_ transmitted 
everywhere at will. Having seen these 
wonderful things in daily use, in the 


house and on the street, is it strange 
that his mind is in a condition to accept 
the fairy statements of the fakir who 
tells him that his burned-out ashes still 
hold as much heat as they have given up? 
Listen to the earnest convincing talk of 
this one: 

“There is nothing wonderful or mys- 
terious about it. There are hundreds of 
products on the market today in daily 
use, saving the people of the United 
States hundreds of thousands of dollars, 
which are much more wonderful in their 
actions than this compound. If years ago 
someone had told you that a little stick 
of dynamite an inch thick and six inches 
long possessed enough power to blow up 
a big building, what would you have said? 
If years ago you had been handed a 
handful of innocent-looking cotton soaked 
with nitric and sulphuric acids and had 
been told that, used in guns as gun-cotton, 
it would hurl great projectiles many miles 
or blow up a great vessel, what would 
you have said? And yet this innocent 
cotton so prepared possesses this great 
power. Again the X-ray, radium, thermite, 
and even electricity, possess powers that 
we know exist and yet no one can ex- 
plain why or how they do the same things 
that we know they do. So we state that 
this patented compound possesses the 
peculiar power of generating large quan- 
tities of heat gradually when properly 
mixed with ashes. We can show you that 
this heat can be -released from this mix- 
ture, termed ‘ash fuel,’ in a very simple 
and logical manner and at a cost less than 
one-half of your present fuel bills. With 
such a saving of money and trouble, it 
will pay you to think this over.” 

Yes, it will pay you to think this over 
a long time before an investment is con- 
templated. The great corporations use mil- 
lions of tons of coal annually, but they do 
not use ashes, norashcompounds. Themen 
in charge of their steam and mechanical 
departments are up-td-date, bright-eyed, 
intelligent men, who are employed for the 
purpose of keeping as wide a gap as pos- 
sible between the cost of production and 
the price of the product, and the prospect 
of saving even one per cent. of the fuel 
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used is treated as a business proposition 
of importance. Is not the moral obvious? 





When the Call Comes, Be Ready! 


It would hardly be expected that any 
one who attempted to put within thx 
reach of a working man the means of 
obtaining knowledge that would increas: 
his efficiency and widen his field of use 
fulness would meet with opposition from 
the owners or managers of industries, but 
such is too often the case. “Peddlers and 
Book Agents Not Admitted” is a notic: 
that often meets the eye, and the pur 
veyers of really useful technical and prac 
tical trade literature are classed with ped 
dlers and book agents. One mill owne1 
drew the line very closely when he said 


to a Power subscription solicitor: “| 
don’t want my engineer educated. H« 
knows too much now to be contented 


What with .his engineers’ association and 
its annual convention, and the new ideas 
he is all the time picking up, I am hay 
ing trouble enough. He knows enough 
to fill the place he has now, and if he gets 
to know how to fill a better one, he will 
be wanting more pay to fill this one. The 
great trouble with the engineer is that 
he is finding out that there has been no 
machine devised to take his place, as 
there has been with the shoemaker, and 
his head is getting swelled. But his time 
is short. All the waterfalls in the coun- 
try are fast being converted into electric- 
power plants, and the current is being 
sent everywhere for power purposes. And 
the engineer (the companion and neces 
sary evil of the engine) with his overall 
job and his frock-coat dignity are going 
out on the dump together. No, you can’t 
see my engineer to put up any educational 
proposition ‘to him. I don’t want him 
wasting the money on books and papers 
that he needs for shoes for his children.” 

This seems like a rather cold-blooded 
statement of one’s position, but it is a 
truthful statement of one man’s position, 
and so far from discouraging the engi- 
neer it should be an incentive to increased 
efforts on his part to rise in his calling 
Men and corporations are seeking engi 
neers who are masters of their trade 
men to take charge of and operate the 
very water-power plants the mill owner 
mentioned—men to superintend the erec 
tion and machinery installation of the 
gigantic steam and power plants which 
are springing up all over the countr) 
There are no men as well fitted by train 
ing for this work as the steam engineers 
Their lack is breadth of training and ex 
perience. Study and right reading wil! 
in a large measure correct this lack. An 
intimate knowledge of the progress alon: 
engineering lines and an array of fac 
at the very finger tips are not beyond t!\: 
reach of any intelligent engineer, and ‘! 
he has these things, he is ready when t! 
call comes. 








. 
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‘ught Examiners to Ask Catch 
Questions ? 





n the examination of engineers, has 
inspector any right to ask catch 
iestions? The only excuse for an ex- 
.mination is the right of the public to 
know that only a safe man is allowed to 
have charge of and operate boilers and 
steam engines. A catch question may de- 
termine the mental alertness of the appli- 
cant, or it may only show that his mem- 
ory has retained the proper reply to the 
particular question asked. All catch ques- 
tions are as old as the hills, and in fact 
as old as the condition which gave them 
birth. They all originated with the en- 
gineer and not in the inspector’s think- 
box. “Under what conditions will a Put- 
nam engine carry a light load and stop if 
a heavy load is thrown on?” was asked 
of an applicant who had never seen a 
Putnam engine. 

In the writer’s younger days when a 
wandering blacksmith was given a job, 
his first work was invariably that of fix- 
ing up the broken tongs in the shop, and 
making new ones. It was held that a 
man who could make tongs could make 
anything. It would seem that if an 
engineer can intelligently set a_ slide 
valve, he can set any valve; and if an en- 
gineer had an engine which under his 
care developed a habit of balking at a 
slight overload, he would be capable of 
giving the proper treatment, whether 
massage or osteopathy was needed. 





Is the Game Worth the Candle? 


How highly should steam be super- 
heated to obtain the best results, either 
in the turbine or in reciprocating engines? 
That there is a gain at the point where 
the steam is used is not to be denied, but 
after subtracting the extra cost of the 
superheat where it is made from the gain 
in economy at the throttle, how much is 
there remaining to be credited to the use 
of superheat? If the amount of super- 
heat is sufficient to counterbalance the 
tendency to initial condensation, is any 
additional heat a gain or a loss? A thou- 
sand pounds of steam with one hundred 
degrees of superheat will do more work 
than a thousand pounds of saturated 
Steam, but it costs more per pound, not 
alone in the furnace but in the boiler, in 
the piping, in the fittings, in the valves 
and in necessary lubrication. Valves and 
fittings which have been perfectly satis- 
factory with saturated steam have proved 
worse than worthless, in fact even posi- 
tively dangerous, when superheat was 
tried.. Increased first cost, increased cost 
of repairs and maintenance, greater losses 
by radiation (and who knows what other 
losses?) have obtained. Does anyone 


POWER 


really know enough about superheat to 
diagnose and prescribe for any set of 
known conditions in a power plant? Engi- 
neers have decided that superheat is a 
good thing, and have prescribed super- 
heat ad libitum, and when they found 
they had too much of this good thing, 
they reduced the amount of this good 
thing by removing the covering from part 
of the steam piping, like the king who 
marched his army up the hill and then 
marched it down again. In one case it 
was decided that wet steam would be bet- 
ter than superheated steam for sealing 
the carbon packing of a turbine. So, to 
get wet steam from superheated steam, 
a long brass-pipe coil was made, like a 
quadruple-expansion cornet, and the seal 
steam was sent through it. It would 
almost seem as though a shorter pipe run 
through a feed-water heater would pay 
bigger dividends. “Is the game really 
worth the candle?” 





Combining Steam and Gas Power 


In a highly interesting paper on the 
cost of power production, read recently 
before an engineering society in Scotland, 
J. V. Robinson advocated the use in cen- 
tral power stations of producer-gas en- 
gines for carrying the main body of the 
load and steam equipment for carrying 
the excess, commonly termed the “peak,” 
but not restricted to the actual peak or 
peaks of the load curve. “With this 
arrangement,” says the author, “the gas- 
engine plant would always be working 
with a high-load factor and would be able 
to generate power more cheaply than an 
equivalent steam plant.” Quite true, but 
if one is to combine the two classes of 
machinery at all it would seem preferable 
to put in steam equipment for continuous 
operation at full load and use the gas 
plant for the excess load. This reasoning 
is based on the well-known fact that with 
decreasing loads steam-engine efficiency 
falls off much more rapidly than does 
gas-engine efficiency; consequently, the 
gas engine should be the one to work 
with varying load. Moreover, a gas plant 
can be started up from cold condition in 
much less time than a steam plant of 
equal capacity ar.d when shut down there 
is lost less of the heat energy that was 
stored up during operation. The inferior 
regulation of the gas engine is no disad- 
vantage, because with gas- and steam- 
driven electric generators working in 
parallel, the steam engines will compen- 
sate for the regulating deficiencies of the 
gas engines. 

Except for plants which are already 
equipped with steam machinery, however, 
there will not long exist any strong reason 
for combining steam with gas equipment 
in plants where steam is not needed for 
other purposes than power. The tandem 
double-acting gas engine has demonstrated 
its ability to regulate, with an approxima- 
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tion to uniform angular velocity, suffi 
ciently closely for all practical purposes, 
and designers of this type of engine are 
rapidly working up toward the mark of 
operating dependability. These two points 
gained, it only remains for someone to 
develop a satisfactory induced-draft pro- 
ducer for the superior economy of the 
gas engine to put it at the head of the 
list of prime movers. 





“The Natural Consort of the 
Gas Engine” 





It may be predicted, says the Electrical 
World, that the use of storage bat- 
teries will be greatly increased in the next 
few years. This prophecy is predicated 
on the belief entertained by many engi- 
neers that the steam turbine marks only 
a transition period in prime movers which 
must give way to the internal-combustion 
engine because of the superior economy 
of the latter. The characteristics of these 
two prime movers are practically antitheti- 
cal. The gas engine has no overload 
capacity; it operates best when delivering 
a steady amount of power, and is liable 
to give trouble when worked on light 
loads. The: storage battery affords the 
required flexibility in respect of varia- 
tions in the external load while maintain- 
ing a constant load on the generating 
equipment, or, as one writer on the sub- 
ject has phrased it, “the storage battery 
is the natural consort of the gas engine.” 
There is no question that an extended use 
of gas engines for driving electric gener- 
ators will be attended by a correspond- 
ingly increased volume of business in 
storage-battery work.—Gas and Oil Power. 

It is gratifying to find ourselves in 
agreement with our two respected contem 
poraries on the question of using storage 
batteries and gas engines in conjunction, 
as outlined above. On the subject of gas 
engine overload capacity, however, we 
differ most earnestly, on the grounds pre- 
sented in our discussion January 14 of 
that subject. A properly designed gas 
engine has appreciable legitimate overload 
ability. 





Experience has shown that buckwheat 
coal contains twice as much ash as egg. 
The average ash content is from 7% to 
15 per cent. It has been found that in 
a boiler of good design 3.6 pounds of egg 
or 4 pounds of buckwheat coal will de- 
velop one standard boiler horse-power ; 
about 11 per cent. more buckwheat is 
needed to make the same amount of 
steam. In burning buckwheat a more 
compact bed of fuel is formed than when 
the larger sizes of coal are used, and in 
order to force the air for combustion 
through this bed a greater suction or 
pressure is required. If natural draft is 
used the hight of the chimney becomes 
an important factor~-The Chemical En- 
gineer. 








Inquiries 





Questions are not answered unless they are 
uf general interest and are accompanied by 
the name and address of the inquirer. 








Method of Figuring Horse-power Con- 
stant for Feed-pumps 

What is the proper method of figuring 
the constant for the following: I have 
several double-acting feed-pumps, all with 
8-inch plungers of 12-inch stroke, pump- 
ing feed-water from an open heater at 200 
degrees Fahrenheit. The steam pressure 
is 150 pounds gage. The stroke or revolu- 
tion counters, combined, showed, for the 
month of January, 1,237,112. Each pump 
displaces water at both ends to one count 
shown on the counter. I want a constant 
with which I can multiply the combined 
strokes of each day (24 hours) and show 
the horse-power developed that day; also, 
a constant by which I could take a 
month’s count of strokes from the coun- 
ter and show the average horse-power for 
the month. 

oS: 

If you will multiply the number of cubic 
inches of water displaced per stroke by 
the pressure per square inch against 
which it is pumped, you will have the 
energy per stroke in inch pounds. Divide 
this by 12 and it will give you the energy 
per stroke in foot-pounds. If you mul- 
tiply this by the number of strokes made, 
it will give you the number of foot-pounds 
of energy developed in the time that it 
took the counters to accumulate that num- 
ber of strokes. If now you want to re- 
duce this to horse-power, you must divide 
it by the number of minutes occupied in 
making the record, multiplied by 33,000. 
You can get your constant, therefore, by 
multiplying the displacement per stroke in 
cubic inches by the length of the stroke in 
inches, and dividing by 12 X 33,000 X the 
number of minutes in the time for which 
you wish the constant. This multiplied 
by the number of strokes for that time 
will give you the average horse-power. 


Horse-power of Evaporation in a Paper 
Machine 


(a) In a paper machine composed of 
hollow cylindrical dryers steam is ad- 
mitted at one end and the condensation is 
taken care of by traps, etc., the paper 
being carried round outside the dryers 
and becoming dryer as it passes along. 
How many boiler horse-power will it take 
to evaporate out of a certain amount of 
the paper a ton of water per hour, the 
pressure on the dryers being 30 pounds 
and the temperature of the water as it 
goes onto the machine with the paper 55 
degrees? 

(b) Suppose from the same machine 
there is a certain amount of water dis- 
charged through traps at 212 degrees, due 
to condensation in drying the paper; what 
would the boiler horse-power be? 

(c) Suppose the water was discharged, 
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due to certain reasons, at 170 degrees in- 


stead of 212, what would the horse- 
power be? 
G. DBD: S. 
(a) The horse-power represents the 


consumption of 33,305 B.t.u. per hour. In 
a pound of water of 55 degrees there are 
23.01 B.t.u. above 32, and in a pound of 
steam at atmospheric pressure and 212 
degrees there are 1146.6 B.t.u. The dif- 
ference, 1123.59 B.t.u. was expended in 
evaporating each pound of water from the 
paper. If there were 2000 pounds evapor- 
ated per hour it would represent an ex- 
penditure of 2,247,180 B.t.u. per hour, and 
this divided by 33,305 represents about 
67 horse-power. 

(b) Ina pound of steam at 30 pounds 
gage pressure there are 1165.6 B.t.u., and 
in a pound of water at 212 degrees 180.9 
B.t.u., both taken above 32 degrees 
Fahrenheit. The difference, 984.7 B.t.u., 
represents the number of heat units left 
in the machine for each pound of dry 
steam furnished at 30 pounds gage pres- 
sure and leaving the machine as water at 
212 degrees. If you multiply this value 
by the number of pounds of water dis- 
charged at that temperature per hour and 
divide the product by 33,305 you will have 
the horse-power which it represents. 

(c) You can modify the case for water 
discharged at 170 by subtracting 138.45, 
the number of B.t.u. in a pound of water 
at 170 degrees, from the 1165.6 B.t.u. in 
one pound of 30-pound steam. 





Relative Corrosion of Wrought- 
iron and Steel Pipe 





Impressed with the insistence of the 
pipe manufacturers that the engineering 
profession is wrong in its impression that 
steel pipe is less durable than wrought- 
iron pipe, Prof. T. N. Thomson undertook 
a series of experiments at the Interna- 
tional Correspondence Schools, +with 
which he is connected, at Scranton, the 
results of which he reported at a recent 
meeting of the Heating and Ventilating 
Engineers. He first circularized three hun- 
dred leading engineers and contractors, 
offering a book to each in exchange for a 
sample of corroded pipe which had been 
in service only a few years. He expected 
to find about 80 per cent. of the sam- 
ples sent him to be of steel, but they were 
not. Of the samples received only ten 
gave out within four years, six of these 
being of steel and four of wrought iron, 
uniform corrosion and pitting occurring 
about equally with both kinds of pipe. In 
March, 1906, he inserted in a two-inch 
hot-water main in the basement of the 
schools building a length of ten feet made 
up of ten short pieces of two-inch steel 
and iron pipe, plain and galvanized, joined 
by couplings. The temperature of the 


water in the main varied between 160 and 
212 degrees. The samples were wired and 
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cross-wired to carry any stray currents 
around the samples and avoid decom 
position by electrolytic action. 

The samples were removed in March, 
1907, having been in use a year, with the 
line in constant service. The galvanized 
specimens were not as badly corroded, 
but the black specimens, both the wrought- 
iron and steel, were found to be covered 
internally with a uniform coating of rust 
about three-eighths of an inch in thick 
ness. The galvanized samples were cor- 
roded only in spots, presumably where 
the covering had contained imperfections 
The wrought-iron samples weighed origi 
nally 150.5 ounces and lost by corrosion 
20.75 ounces, or 13.8 per cent., while 149.5 
ounces of black steel lost by corrosion 
24.875 ounces, or 16.7 per cent. 

This, as well as the outcome of the 
circularization project, looks bad for the 
steel, but Professor Thomson makes the 
point that the life of a pipe is determined 
not by the total corrosion which it suffers 
but by the depth of the pitting. A pipe 
might lose one-half of its weight by cor 
rosion, if the corrosion were uniformly 
distributed, and_ still be serviceable; 
while the loss of a very small proportion 
of weight by corrosion would set the pipe 
to leaking and put it out of service, if 
the corrosion were concentrated in a 
single pit. To determine the distribu 
tion of the corrosion, the pipes were 
sawed in halves lengthwise and the depth 
of the five deepest pittings in each de- 
termined micrometer measurements. 
Calculations based upon the results indi- 
cate that the wrought-iron samples would 
have pitted through in an average of 
742.2 days, while the plain-steel samples 
would have lasted 796.9 days. 

This conclusion is not in accordance 
with the impression existing among engi 
neers and pipe users and we shall be 
glad to have the opinions of our readers, 
based upon their own experience in the 
matter. : 


by 





In view of the fact that the lumber of 
the country is being used at a rate which 
it is impossible for the natural growth to 
supply or replenish, the Forest Service is 
doing an excellent service in forcibly di 
recting the attention of users of lumber 
to the saving made possible by inexpensive 
preservative treatment. Fence posts, which 
under ordinary circumstances will last for 
two years, if given such a treatment, cost 
ing about Io cents, will last 18 years. The 
same thing is true of railroad ties, tele 
graph and telephone poles, etc. The uni- 
versal adoption of the suggestion of the 
Forest Service, which is given in detail 
in circular 139, entitled “A Primer of 
Wood Preservation,’ and which 
tainable at no expense, upon application 
to the Forester at the Forest Service. 
Washington, D. C., would enormously de 
crease the demand upon the countrys 
timber supply. 
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Power Plant Machinery and Appliances 


Original Descriptions of 
No Cuts or 


MUST BE NEW OR 


Power Devices 


Write-ups Used 
INTERESTING 


Manufacturers’ 





is also said that the total cost of mainte- 
nance to the system will not exceed 40 
or 50 cents per horse-power per year, and 


attendant to enter the boiler for inspec- 
tion. 
Fig. 1 shows a sectional elevation of an 


Apparatus for Burning Pulverized 
Coal 





the burning of pulverized coal is not a 
new attempt at obtaining economy in coal 
consumption and reducing the issuance of 
smoke from stacks. One of the latest de- 
vices for accomplishing these two objects 
is manufactured by the International 
Combustion Corporation, of Buffalo, N. Y. 

The device is very simple. The coal is 
ground to a 40-mesh and conveyed in 
any convenient manner to a hopper, to 
which is attached a patent feeding device. 
The coal in passing through the feeding 
apparatus is mixed with air at a pressure 
of about four ounces and blown directly 
into the furnace through two ordinary 








FIG. I. BOILER EQUIPPED WITH PATENT MANHEAD 


wrought-iron pipes, or sheet-steel opposed that the total saving over the ordinary ordinary type of return-tubular boiler 
pipes. No air is taken into the furnace furnace is from 20 to 30 per cent. equipped with a manhead. Fig. 2 is an 
whatever, except through the feeding pipes enlarged view of the device. The appa- 





ratus is designed to fit a flanged man- 
hole, and the head may be constructed of 
either cast steel or pressed sheet steel in- 
stead of cast iron, with an offset projec- 
tion, AA. The gasket is placed in the 


with the coal. The illustration shows a 
typical installation of a. pulverized-coal- 
burning outfit. 
It is said that low-grade coal may be 
burned when pulverized, without smoke A 


Manhead for Steam Boilers 





manhead for steam boilers which 

















































































{ or clinker, and in any kind of a fur- may find favor among steam users is the channel formed outside of this projection 
f nace. It is claimed that the tubes of the invention of John J. Irvine, 1424 Bedford and is prevented from falling out of place 
5 boiler remain perfectly clean except for avenue, Pittsburg, Penn. by the lip, as shown. 
a very little dust, and that practically The idea is to support the manhead in The head is fitted with grooved rollers 
° everything that is combustible in the coal the boiler in an open position when it is which run on a horizontal track secured to 
is burned up, while the deposits of ash desirable to clean the interior thereof, the boiler head on opposite sides of the 
e are very small. and also of permitting the manhead to manhole. These rails extend into the 
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TYPICAL INSTALLATION OF PULVERIZED-COAL BURNER 
yn 
‘is It is stated that the total cost of pul- be accurately returned to its original po- boiler a convenient distance from the 


boiler head, the inner ends being bent up 
to prevent the manhead plate from slid- 


sition. The head is so designed that it 
may be removed when necessary for the 


verizing the coal is from 21 to 23 cents 
per ton, based on actual experience. It 








388 


ing off. The head is retained in a closed 
position by means of two bolts, having 
heads of a shape to fit into a slot in the 
manhead. A yoke is used with each bolt, 
the nuts bearing against the yokes. 
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FIG. 2. DETAILS OF MANHEAD 


This arrangement of manhole plate can 
also be fitted to manhole above the tubes, 


as shown in the upper position of the 
boiler illustrated in Fig. 1. 





‘“‘Champion”’ Tube Cleaner 





The “Champion” tube cleaner, a device 
for removing deposits from the interior of 
horizontal-boiler tubes, is shown in the ac- 
companying illustrations, and is manufact- 
ured by the Champion Tube Cleaner Com- 
pany, 11 Avon street, Portland, Me. 

This tube blower employs a steam jet, 
which acting in conjunction with a current 
of air removes and carries off the soot, 
etc., in the tubes. The blower consists of 
a tubular nozzle which is inserted in one 
end of the tube, and so shaped as to emit 
a hollow jet of steam. A valve for ad- 
justing the jet is provided, the valve being 
hollow for the passage of air. 

Fig. 1 is a longitudinal vertical sectional 
view of the cleaner showing its application 
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The operation is as follows: The valve 
is adjusted in the nozzle to form the 
proper steam jet, which in passing out of 
the nozzle creates a hollow circular jet 
which engages the inner surface of the 
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Star Outside-spring Indicator 


A new candidate for favor in the out- 
side-spring indicator line is illustrated by 
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FIG. I. STAR OUTSIDE-SPRING INDICATOR 


tube with sufficient force to cut and wipe 
off the foreign substance adhering to it. 
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FIG, I. 


to a tube, and the path of the steam and 
air. Fig. 2 is a sectional view of the same, 
but equipped with a coupling to accommo- 
date a nozzle of greater diameter than 
that shown in Fig. 1. 








VERTICAL SECTIONAL VIEW OF “CHAMPION” TUBE CLEANER 


The action of the steam creates a vacuum 
which draws in a current of air through 
the hollow valve into the space in the hol- 
low jet and assists in removing the de- 
tached particles from the tube. 


the accompanying illustration, Fig. 1. Its 
maker claims several novel features, 
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SHOWING LARGE NOZZLE COUPLING 





FIG. 2. 


among which are a spring used in ex- 
tension instead of compression, as is usu- 
ally the case, and a bifurcated post which 
serves as a guide to the pencil-arm as well 
as an attachment for a part of the paralle! 
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motion, which is of the standard Richards 
type. The piston, one-fourth of one 
square inch in area, is made very short for 
the purpose of reducing friction to the 
minimum. The instrument is_ easily 
changed from right- to left-hand, and the 
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atmospheric-line and drum-spring tensions 
are adjusted in a very simple manner. 
One of the severe tests to which this in- 
strument was subjected before placing it 
before the public was to connect it with 
the cylinder of a steam engine and allow it 
to run for a whole week. Before con- 
necting the instrument the spring was 
tested up and down in the regular man- 
ner. After making above 560,000 oscilla- 
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Personal 


Arthur West has severed his connection 
with the Westinghouse Machine Company, 
of which he has been the chief engineer, 
and on May 1 will assume the position of 
manager of the power department of the 
Bethlehem Steel Company, where he will 
be in charge of manufacturing, engineer- 
ing and sales. 





Obituary 


‘As we go to press we sincerely regret 
to note the death, on Monday, March 2, 
of John L. McGilvray, after a short ill- 
ness. He was born in Pittsburg, Penn., 
and was 48 years old. Mr. McGilvray 
had been for many years a representative 
of the Peerless Rubber Manufacturing 
Company, of New York, and was a 
prominent and familiar figure at all engi- 
neering conventions. He was president 
of the National Exhibitors’ Association 
connected with the National Association 
of Stationary lngineers, president of the 
Supplymen’s Association connected with 
the Marine Engineers’ Beneficial Associa- 








FIG. 3. FOUR VIEWS OF THE STAR INDICATOR 


tions the spring was again tested, with the 
result shown in Fig. 2. 

A sectional view of the instrument is 
shown in Fig. 3. It is made by the Star 


— Manufacturing Company, Boston, 
fass, 


tion, and one of the three honorary mem- 
bers of the last-named society. Among 
many other fraternities with which he 
was associated are New Jersey Associa- 
tion No. 10, N. A. S. E., the Blue Club, 
Bay View Lodge, F. and A. M., and 
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Damon Council, R. A., all of Jersey City. 
Mr. McGilvray had a host of warm 
personal friends who will feel his loss 
deeply, and his congenial presence will be 
sadly missed at future social gatherings. 
The funeral services were held at his late 
residence, 363 Forrest street, Jersey City, 
N. J., on Wednesday evening, March 4. 
Mr. McGilvray is survived by a widow 
and four children. 





Business Items 


A flattering letter about its boiler skim- 
mers has been received by the Buckeye 
Boiler Skimmer Company, South End, To 
ledo, Ohio, from B. E. Taylor, superinten- 
dent of the Van Camp Packing Company, 
of Indianapolis, in which he says: ‘‘The four 
skimmers installed in our boilers are doing 
all that you claimed for them. As we had 
troubles too numerous to mention—priming 
being the worst—the writer was doubtful 
whether the skimmers would be able to over- 
come all these difficulties. However, they are 
making good, keep the boilers clean, save 
fuel, and fully 90 per cent. on repairs, and 
will soon have a credit to their account. They 
are handling large quantities of clay and 
magnesia, giving us clean dry steam.” 

Mackenzie, Quarrier & Ferguson, 114 Lib 
erty street, New York, the Eastern allied sell- 
ing organization of the Harrisburg Foundry 
and Machine Works, and who also handle 
all of this company’s export business, re 
cently made a shipment to the Compania 
Electricia de Alumbrado Y Traccion de 
Santiago, Cuba, of two cross-compound heavy- 
duty railway engines, each of 600 horse-power 
capacity, a tandem-compound 4-valve engine 
arranged for driving anelectric generator of 
about 350 horse-power for the Isthmian 
Canal Commission for installation in the 
Government machine shops, Canal Zone, 
Panama, and one cross-compound direct-con- 
nected engine of 700-horse-power for the 
Monterey Railway, Light and Vower Com- 
pany, Monterey, Mexico. 

Six years ago two men and an office girl 
started the business of the Ohio Blower 
Company at Cleveland, Ohio. The principal 
business of later years, particularly of the 
past three, has been in the line of the 
“Swartwout” steam specialties, including 
cast-iron exhaust heads, steam and oil sep- 
arators. The designs for this class of ap- 
paratus are all based upon the helico-centrif- 
ugal principle, under which a helix is em- 
ployed to give a whirling motion to the 
steam, and centrifugal force is thereby en- 
abled to separate the heavy water and oil 
particles from the far lighter body of steam. 
An extensive business has also been estab- 
lished in the manufacture of gravity closing 
ventilators. In the second year the aggre 
grate sales of the company increased 120 per 
cent. over the first year, in the third they 
were nearly 200 per cent. greater than in 
the second, while the increase in five years 
has been more than 800 per cent. 





New Equipment 





The Merrimack Manufacturing Company, Low- 
ell, Mass., will erect a new mill. 

The Panama (N. Y.) Power Company con- 
templates the purchase of another turbine. 

The City Council, Pawtucket, R. I., has passed 
an ordinance appropriating $25,000 for water 
works. 
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— The Pellston (Mich.) Light and Power Com- 
pany contemplates building another dam and 
power house. 


The Hill City (S. D.) Electric Power and 
Mining Company will install an electric light 
andJpower plant. 

F. X. Waldron & Company, Seattle, Wash., 
are promoting an electric railway to run from 
Seattle to Tacoma. The cost will be about 
$350,000. 

The City of Hope, Ark., has decided to increase 
the output of the water and light plant and 
will erect a power house and install an engine 
and dynamo. 

The Twin City Rapid Transit Company‘ 
Minneapolis, Minn., has made arrangements to 
issue $1,000,000 in bonds, proceeds to be used 
for improvements and for the erection of a new 
power, house. 


It is reported that the city of Hope, Ark., 
will install an additional engine and dynamo 
to increase the capacity of its water and 
light plant. May construct new water-works 
system. Charles M. Richards, superintendent. 


The Andrews Light and Power Company, 
Salmon, Idaho, contemplates the installation 
of a 500-horse-power hydro-electric plant for 
lighting and power, including generators, 
water wheels, etc., to cost about $30,000. 


The citizens of Evart, Mich., are consid- 
ering the question of changing the system of 
the municipal electric light plant from direct 
to alternating current and installing producer 
gas plant and gas engines. P. Leach, super- 
intendent. 





New Catalogs 





Murray Iron Works, Burlington, Iowa. Cata- 
log. Safety water tube boilers. Illustrated, 
38 pages, 94x12 inches. 

H. Krantz Mfg. Company, 160-166 Seventh 
street, Brooklyn, N. Y. Bulletin No. 17. Ceil- 
ing switches. Illustrated, 2 pages. 


Warren Webster & Company, Camden, N. J. 
Part V, general catalog. System of steam cir- 
culation for heating purposes. Illustrated, 32 
pages, 6x9 inches. 

American Boiler Economy Company, Phila- 
delphia, Pa. Pamphlet. Operation and con- 
struction of the Copes boiler-feed regulator and 
Copes pump governor. Illustrated. 

Schutte & Koerting Company, Philadelphia, Pa- 
Section M, catalog 2. Koerting water-jet educa- 


- tors. Illustrated, 12 pages, 8x1l inches. Sec- 
tion O, catalog 6. Koerting oil-firing system. 
Illustrated, 12 pages, 8x11 inches. 


General Electric Company, Schenectady, N. Y. 
Catalog. Electric fan motors. Illustrated, 22 
pages, 8x104 inches. Bulletin No. 4548. Small 
motors—their application to machine tools. 
Illustrated, 24 pages, 8x104 inches. 

The Emerson Electric ManufacturingCom- 
pany, St. Louis, Mo. Bulletin No. 3213. Bi- 
polar ventilated motors. Illustrated, 4 pages, 
7x10 inches. Bulletin No. 3305. Electric forge 
blowers. Illustrated, 8 pages, 7x10 inches. 





Help Wanted 


Advertisements under this head are inserted for 
25 cents per line. About six words make a line. 

AN ENGINEER in each town to sell the best 
rocking grate for steam boilers. Write Martin 
Grate Co., 281 Dearborn St., Chicago. 


Situations Wanted 


Advertisements under this head are Sunes for 
25 cents per line. About six words make a line. 

MECHANICAL ENGINEER, four years’ ex- 
perience in steam and gas engine work, power 
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lant and refrigeration. Expert in testing. 
echnical graduate, good references. ‘‘ Wide 
Awake,” Box 35, POWER. 


BY COMPETENT MECHANICAL ENGI- 
NEER, with thorough practical and theoretical 
education, position as superintendent, salesman 
or erecting engineer. Best of references will be 
given. Box 33, Power. 


CHIEF ENGINEER, accustomed to the 
operation of large industrial, electrical, power 
pants. and capable of producing results, would 
ike to connect with a concern which desires a 
first-class man. Box 170, POWER. 


Wanted—Position as chief engineer, master 
mechanic or mechanical superintendent of plant 
or superintendent of machine shop; competent 
to install, yoo and repair steam, electric, 
refrigerating, ydraulic and pneumatic machinery; 
good executive ability, successful in handling 
men; would take entire charge of mechanical 
art of plant and guarantee results. Experience: 
our years’ apprenticeship machinist trade, 12 
years’ engineer at sea, marine, locomotive and 
stationary engine repair work; hold United States 
license, chief engineer ocean steamers unlimited 
tonnage, references; age 33. Would accept 
position any part of the United States or foreign 
country. Would accept straight salary or salary 
and percentage of saving over present cost of 
operation. Employed at present but desire change. 
Box 34, POWER. 


Miscellaneous 


Advertisements under this head are inserted for 
25 cents per line. About siz words make a line. 

TUBE LEAKS STOPPED with the leaky 
tube in place; no stoppage of boiler; don’t laugh. 
A. L. Smith & Co., 228 No. Clarion St., Phila- 
delphia, Pa. 

ENGINEERS—The new revised edition 4 
the Modern Engineers’ Hand Book, a $2.5 


book, sent by mail on receipt of 50 cents. Be 
quick, W. H. Ermentrout, 514 Elm St., Read- 
ng, 


For Sale 


80 HORSE-POWER BOILER for sale in Utica’ 
Y. Bargain, 5’x16’, horizontal tubular: 
Alex. T. Gibson, West Winfield, | 2 
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The Principles of Stonms-terbine Buckets 


Comparison of the Different Types of Bucket, with a Simple, 
Graphical Explanation of Their Various Forms and Functions 





BY W 


Broadly speaking, there are two gen- 
eral classes of steam turbines in use, the 
reaction and the impulse. Examples of 
reaction turbines are found in the Par- 
sons, the Zolly and the Schulz, while the 
Curtis, the Rateau and the De Laval are 
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of accomplishing this result differ widely 
in impulse turbines. 

A single wheel with the steam passing 
but once through the buckets is the sim- 
plest of all forms of the impulse turbine. 
Fig. 1 shows a machine of this kind; 











FIG. I 


impulse turbines. First consider the im- 
pulse type, as its buckets are very similar 
in form to those of the well-known water- 
wheel. The problem presented to the de- 








88% Efficiency 





FIG. 3 


signer is the same with either the impulse 
or the reaction type of turbine: to utilize 
at moderate rotative speed the greatest 
possible amount of the energy in the 
steam with as few bucket wheels as is 
consistent with good economy. Methods 





here B is the steam nozzle and C the 
bucket wheel. The buckets are of the 
form most commonly used in impulse tur- 
bines. The action of the steam in the 
nozzle is shown by Fig. 2. The steam, 
entering the bowl or collector B at boiler 
pressure, with practically no velocity, ex- 
pands in the cone C down to the back 
pressure E, whereby all its pressure 
energy is converted into velocity energy, 
in which form it is used in the buckets of 
the wheel. Taking an actual case, we as- 
sume the initial or boiler pressure to be 
150 pounds at the bowl B, with a velocity 
of 100 feet per second. With a final or 
back pressure E of 15 pounds, and com- 
plete expansion, the ratio of the area of 
cross-section at the throat A to that at 
the mouth D will be as 1 to 2.436. The 
pressure at A is 86.5 pounds, with a corre- 
sponding velocity of 1418 feet per second. 
The velocity corresponding to the back 
pressure of 15 pounds at D and E is 2950 
feet per second. One pound of steam per 
hour at this velocity has a kinetic energy 
of 37.60 foot-pounds per second, which 
produces 0.068 horse-power. The table 
on page 392 shows the velocity and 
energy of steam at various pressures and 
the effect of vacuum. 

Fig. 3 is a bucket diagram of the tur- 
bine shown in Fig. 1. In this form of tur- 
bine the maximum efficiency is attained 
when the peripheral speed of the wheel, 
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or bucket velocity, is one-half the velocity 
of the impinging steam jet from the noz- 
zle. This will be readily seen from a 
study of the diagram. The line AD 
represents the direction and velocity of 
the steam jet as it leaves the nozzle, the 





velocity V being taken in this case as 
2000 feet per second. The line C D repre- 
sents the velocity and direction of motion 
of the bucket wheel, the bucket velocity 
BV being taken as 1000 feet per second, 
or one-half of V. The angle O is taken 
as 20 degrees. Then AC represents the 
direction and velocity of the impinging jet 
relative to the wheel, and C E represents 
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68 % Efficiency 
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FIG, 4 


the direction and velocity of issue from 
the wheel; the final velocity v being 700 
feet per second. Applying the efficiency 
formula 

p2— vy 


£= yp? ’ 
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the efficiency is found to be 88 per cent. 
Higher efficiency cannot be attained with 
this type of bucket because, above this 
point, it has been found impossible in 
actual working to provide for a_ suffi- 
ciently free entrance of the steam. This 
is of little importance in this case, how- 
ever, as it will be seen from the table that 
steam velocities of 3000 to 4000 feet per 
second are not uncommon. With the 
materials we have to work with, con- 
siderations of safety limit the bucket velo- 
city to 1350 feet per second-and we are, 
therefore, unable to use as high a bucket 
efficiency as 88 per cent. even. With 
such high bucket velocities and wheels of 


TABLE SHOWING THE VELOCITY AND 
ENERGY OF STEAM AT VARIOUS 
PRESSURES, AND THE EFFECT 
OF VACUUM. 





Non-con- 
densing. | Condensing. @ondensing. 
Back pres- 

sure 1 atmos.| 25-in. 28-in. 
(14.7 Ibs.) || Vacuum. Vacuum. 


energy 
energy 
energy 


cond per 1 pound of 


per second per 1 pound of 
steam per hour. 

Velocity of outflow from 
nozzle in feet per second, 


per second per 1 pound of 


steam per hour. 


Velocity of outflow from 


nozzle in feet per second. 
nozzle in feet per second. 


pounds per square inch. 


Velocity of outflow from 


Initial or boiler pressure, 
Ft.-lbs. of kinetic 
Ft.-lbs. of kinetic 
Ft.-lbs. of kinetic 


2595 29.06 | 342: 50.56 | 379% 62.08 
2717 31.86 | 35% 53.47 || § 64.66 
2822 34.37 3596 55.80 oe 66 99 
2913 36.62 || 3661 57.84 398 69.01 
2992 38.63 || 3718 59.65 5 70.61 
3058 40.35 || 3764 61.14 72.22 
3115 41.87 || 3810 62.64 27 73.50 


reasonable size, the shaft -peed is so high 
as to make the use of reducing gears im- 
perative. This may be seen in the De 
Laval turbine, which is a good example of 
this type. 
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Fig. 4 shows what happens if we at- 
tempt to make the bucket velocity much 
less than one-half that of the steam. In 
this case the steam velocity V is 2000 feet 
per second, as in Fig. 3, but the bucket 
velocity B V has been reduced to 500 feet 
per second. As the resulting efficiency 
here drops to 68 per cent., it is very evi- 
dent that some other method of steam 
utilization must be adopted for direct- 
connection without the use of gears. 


INGENIOUS METHOD OF ENERGY 
UTILIZATION 


An ingenious method of energy utiliza- 
tion is shown in Fig. 5. Here the steam 
is expanded in the nozzle B down to the 
back pressure, all of its pressure energy 
being transformed into velocity energy, 
as in the previous case; but in this case 
its velocity energy is made use of by 
passing it through two or more wheels, 
thereby permitting a much lower speed 
of rotation for a given efficiency. Be- 
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FIG. 


tween each pair of wheels C is inserted a 
set of stationary buckets or guides D for 
the purpose of catching and reversing the 
steam discharged from the first wheel and 
directing it into the second wheel at a 
proper angle. 

A diagram of this method of energy 
abstraction is shown in Fig. 6. The velo- 
city V of the impinging steam jet is taken, 
as in previous cases, as 2000 feet per sec- 
ond, and the bucket speed BV as 500 
feet per second, only one-quarter that of 
the steam. Here A D represents the direc- 
tion and velocity of the impinging steam 
jet as it leaves the nozzle, while O is the 
angle of entrance and AC shows the 
direction and velocity of the steam as it 
enters the first bucket wheel moving in 
the direction of and with the velocity C D. 
The direction and velocity of exit from 
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the first row of buckets is shown by C D’ 
and C C’ shows the direction and velocity 
of entrance into the reversing guides or 
stationary buckets. 

Leaving the guides by C’D” the steam 
enters the second bucket wheel in the 
direction and the velocity C’C”. The final 
velocity of issue, v= 720 fect per second, 
shows an efficiency of 87 per cent., prac- 
tically the same as that in Fig. 3, while 
the bucket speed has been reduced 50 per- 
cent. The Curtis turbine is an example 
of this type. It is rarely, however, ex 
cept in the smaller sizes, that a sufficiently 
low speed can be attained even by this 
method, so compounding or staging is 
resorted to. 

In this case the steam is not ex- 
panded down to the exhaust pressure in 
a single set of nozzles, but from two to 
four sets are used, each set transforming 
into velocity an equal portion of the total 
available pressure energy of the steam 





FIG. 9 


and passing the balance, in the form of 
pressure, along to the succeeding sets. 
In this way high velocity in the nozzle 
jets is avoided and the efficient working 
speed of the bucket wheels remains pro 
portionately low. Fig. 7 shows a tur- 
bine of this type, an example of which 
will be found in the Curtis multiple-stage 
turbines. In this case the diagram, Fig. 
6, is applied to each individual stage as 
though it were an independent single- 
stage turbine. 

Stiil another form of impulse turbine is 
shown in Fig. 8. Here a conveniently low 
bucket speed is adopted and the steam 
expanded in each set of nozzles only to 
the point where the bucket whcel, at the 
given speed, can efficiently utilize the re- 
sultant velocity energy. A sufficicnt num 
ber of stages are chosen to utilize ali the 
available energy in the steam. This type 
of turbine is characterized by very low 
stean: velocities and rotative speed, but 
must of necessity employ a great number 
of stages and bucket wheels, from eight 
or ten up to twenty or more. The bucket 
diagram, Fig. 3, is applied to this turbine, 
each stage heing considered an indi 
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vidual single-stage turbine. The Rateau 
turbine is an example of this type. 


THE PARALLEL-RETURN BUCKET 


4. form of impulse bucket that made its 
first appearance in this country some three 
years ago, although previously known in 
Europe, is shown in Fig. 9. This pecu- 
liarly shaped bucket, derived from the 
Pelton water-wheel, is of very high effi- 
ciency, and is worked out of a solid forged 
wheel with a milling cutter, thereby insur- 
ing great strength and durability. The 
steam enters the buckets C from the noz- 
zle B and is deflected through an angle of 
180 degrees, its direction of exit being 
parallel to that of its entrance. From 

















FIG, II 


this it is termed a parallel-return bucket. 
The diagram Fig. 10 shows the action of 
the steam in this bucket. The line A D 
represents the direction and velocity of 
the entering jet of steam, O being taken 
as 20 degrees and |” at 2000 feet per 
second, as in the previous cases. Then, 
AC represents the bucket velocity BV 
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FIG, IO 


=. 1000 feet per second. The resultant 
velocity of issue v = 375 feet per second 
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shows an efficiency of 97 per cent., or 9 
per cent. greater than that shown by the 








FIG, I2 


diagram in Fig. 3. The reason for this 
great gain in efficiency will be readily seen 
by a comparison of the shapes of the 
twe types of bucket. In the buckets in 
Fig. 9, the entering steam is deflected 
through an angle of 180 degrees, while in 
the buckets in Fig. 1 it traverses an are 
of but 150 degrees, with a correspond- 
ingly less abstraction of energy from the 
steam. 

Buckets of the parallel-return type are 
found in the Reidler-Stumpf and the 
Sturtevant turbines. Fig. 11 shows a 
wheel of this type. With the parallel- 
return bucket, as with other types, stag- 
ing must be resorted to for moderate 
speeds of rotation, and the peculiar form 
of this bucket makes it possible to accom- 
plish this staging by the use of only one 
wheel. In this type of turbine the steam 
enters the bucket wheel from the nozzle, 
as shown in Fig, 9, but instead of escap- 
ing after it has passed once through the 
bucket it is caught by a guide or station- 
ary bucket and returned to the wheel, this 
process being repeated again and again 
until practically all the energy has been 
abstracted from the steam. Fig. 12 shows 
a turbine of this type, in which the sta- 
tionary buckets D of the reverse guide 
are opposed to the rotating buckets C of 
the wheel in such a manner as to form a 
continuous, closed cylinder, in which the 


9% Efficiency 


FIG. 


steam spirals around and around in its 
course through the wheel. 
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The diagram Fig. 13 explains the action 
of the steam. 


x 


As in Fig. to the impinging 


jet is represented by 4D, the angle O 
being 20 degrees and the velocity V = 
2000 feet per second. The bucket velocity 
BV has, however, been reduced to 200 
fect per second, only one-tenth that of the 
steam speed. From the diagram it will 
be seen that four energy abstractions from 
the steam give a resultant exit velocity 
v of 480 feet per second. The efficiency 
in this case, 95 per cent., is practically the 
same as that obtained in the diagram 

















FIG. 15 


Fig. 10, where the bucket velocity is one- 
half that of the steam. Comparison of 
the diagrams in Figs. 6 and 13 shows that 
in the former case it requires two bucket 


wheels moving at a_ velocity of one- 





13 


quarter that of the steam to attain an 
efficiency of 87 per cent. while in the 
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latter case a single bucket wheel having a 
speed of only one-tenth that of the stearn 


24 4 aa eh 
Qe ——— eae, g yD 
A 


16 


FIG. 


shows an efficiency of @5 per cent. Exam- 
ples of this type are found in the Zahik- 
javz and Sturtevant turbines. Fig. 14 
shows the arrangement of the steam noz- 
zles and reverse guide buckets of a tur- 
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or nozzles only, and the pressure is prac- 
tically the same on both sides of the 
wheel; in the former type the steam ex- 
pands in both the stationary and moving 
parts and the pressure is not the same on 
both sides of the wheel. For this reason 
the buckets of the reaction turbine differ 
in form from those of the impulse type. 
Although commonly known as buckets, on 
account of their peculiar shape they really 
act as nozzles. This can be seen in Fig. 
16, which shows a bucket of the reaction 
form. Comparing it with the nozzle shown 

















FIG, 


bine of this Fig. 15 shows the 
bucket wheel of the same machine. 


type. 


DIFFERENCE BETWEEN REACTION AND IM- 
PULSE “TURBINES 


The reaction turbine differs from the 

















latter 


the 
stationary parts 


impulse inasmuch as in 
the steam expands in the 


type 
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in the same figure, their similarity is at 
apparent. The entrance B to the 
Lucket corresponds to the collector or 
bowl B, of the nozzle, while the cross-sec- 
tion A represents the throat 4, of the noz- 
zle. The only material difference is that the 
bucket is not provided, like the nozzle, 
with an expanding cone C. In the case of 
a reaction turbine this is not needed, the 
pressure drops between the stages, being 
much less than in the case of the impulse 
type. A nozzle designed for such condi- 
tions would require a converging cone 
rather than a diverging one, hence the 
shape of the reaction bucket. 

Fig. 17 shows a turbine of the reaction 
type, the stationary guides B alternating 
with the moving wheels C. An example 
of this machine is found in the Parsons 
turbine. A bucket diagram for a single 
stage of this machine is shown in Fig. 18 
As in the case of the impulse turbine, 
the steam expands in the stationary buck- 
ets or nozzles and enters the moving buck- 
ets or nozzles C in the direction and ve- 
locity indicated by the line A, and B rep- 
reserts the direction and velocity the mov- 


once 
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ing buckets or nozzles, while C is the di- 
rection and velocity of the steam relative 








FIG. 


19 


to the wheel. In the moving buckets or 
nozzles the steam is expanded again, so 
that just before leaving the moving buck- 
ets its relative velocity FE is greater than 
its entering velocity C. The absolute velo- 
city of exit is represented by D. The 
energy of the steam at the different points 
of its course is as follows: 





A — ; ‘ P 
= Kinetic energy of the jet as it 
22 
enters the moving buckets; 
E?*—C? regs : 
——__— =Kinetic energy developed in 
2g 
the moving buckets ; 
ly? feel te . . 
— Kinetic energy carried away in 
22 


the discharge steam. 


The actual work done on the moving 
blades is: 


: ee Cc: oF 
Weta £42 an omy 
2g 22 22 
The efficiency is: 
nies _ f4+F-—-C—D. 
Efficiency = A+E_C 
As reaction turbines have, in actual 


practice, a great number of stages, fifty 
to seventy being by no means uncommon, 
calculations and become 
quite complicated and cannot be considered 
in the present article. 

It is possible, although not advantage- 
ous from an economical point of view, 


the diagrams 


to construct a_ reaction turbine with 
but a single stage. In this case the 
nozzles' and the buckets are combined 
on the same wheel, a single set serving to 
abstract the energy from the steam. Fig. 
sale 
a” c 
4 _) 
OX 
E 
D 
_ ~ a 
FIG. 18 


19 shows a turbine of this type. The steam 
enters the chambers A in the wheel, at 








396 


boiler pressure, through hollow shaft 
and, discharging through the nozzles B, 
produces rotation reactively or in a di- 
rection opposite to that of the discharge. 
Examples of this type of turbine are found 
in the De Laval centrifugal turbines for 
cream separators. The necessarily high 
rotative speed of this type prohibits its use 
for most purposes. 

Turbines of the reaction type are rarely 
built in the smaller sizes, because the high 
cost of these many-staged machines is 
prohibitive for most classes of small work. 


a 
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Coal-handling Plant at Dayton, 
Ohio 





The Dayton Citizens’ Electric Company, 
Dayton, Ohio., has recently completed a 
modern power plant for supplying light, 
heat and power to the business and resi- 
dence sections of the city, a district steam- 
heating system being operated during the 
winter season by using the exhaust steam 
for heating, covering an area having a 
radius of about 14 miles from the plant. 
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to flue duct which runs 
lengthwise of the building, the top being 
level with the floor of the engine room; 
thence the conducted to the 
reinforced concrete chimney 12 feet in 
side diameter and 180 feet high, of ample 
capacity to provide for an equipment of 
four times the present installation. , 

In an effort to get away from the mul- 
tiplicity of detail incident to the putting 
in of a pivoted bucket system, a Gantry 
handling crane with grab-bucket was 
designed and built by the Cleveland Crane 


downward a 


are 


gases 
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The impulse type serves this purpose ad- 
mirably on account of its great simplicity 
in many forms. It also successfully com- 
petes, in the larger sizes, with the reaction 
type, each form of turbine having many 
points of merit. Each is characterized by 
moderate rotative speed and _ excellent 
economy. The tendency of many turbine 
designers, however, seems to be to com- 
bine the impulse and the reaction types 
and in some of the later machines the two 
principles are so merged as to make it 
difficult to classify the type. 








CRANE FOR COAL HANDLING AT 
The building is 60x128 feet, of reinforced 
concrete, with brick veneering on the 
front. A basement is provided for the 
condensing apparatus which is to be used 
during the summer months when no heat 
is sold. 

In the design of the plant provision was 
made for installing eight 500-horse-power 
Stirling boilers, although the actual number 
in use at the present time is four, which 
supply the steam for two *1000-kilowatt 
Westinghouse-Parsons steam _ turbines. 
The breeching for these boilers is carried 


DAYTON, 
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and Car Company, Wickliffe, Ohio. The 
runway for the crane was raised about 8 
from the ground, which allowed 

storage capacity of about 2000 tons of coal 


treet 


in addition to the 200 tons in the bunkers 
By f the crane and egrab-bucket, 
unloaded directly from th: 
into the bunkers, or can be taken 
from the car and deposited in the stcrag: 
yard, to be re-handled at a future dat 
when it became necessary to convey it to 
the bunkers. 

The entire operation is conducted by 


means oO 


coal can be 


ears ye 
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me man; by traveling with the load the 
operator can fill the bucket and discharge 
the load without extra help. 

The advantages claimed for this system 
are the low cost and ease of handling ma- 
terial, low cost of installation and mainte- 
nance due to size and small number of 
working parts, and large area served. 

The reproduced photograph shows how 
coal may be taken either from the car or 
storage pile and delivered into the storage 
bin of the station at the right. 





The Care of Storage-battery 
Cells 


By WILLIAM KAvANAGH 

The use of the storage battery as an 
auxiliary to power plants is becoming 
more and more general and operating 
engineers will in the near future find it 
necessary to become familiar with the 
practical care of this class of apparatus. 
In a previous article* the writer discussed 
the operation of charging and discharging 
storage cells and told how to tell when the 
cells were charged and discharged. The 


the sediment the short arm 
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clothes-pin is used; the pin has a slot 
large enough to receive the plate and is 
sufficiently long to extend at least one 
inch below the bottom the 
plates. Compressed 
ployed to insylate the plates, the paper 
being held in position by wooden pins; 
the wooden pins and paper insulators de- 
cay rapidly, however, and soon become 


edges of 


paper is also em- 


The glass rods or tubes main- 
tain their form and are more reliable; for 


this reason their use as insulators be- 


useless. 


tween the plates is increasing. In order 
to ascertain the condition of a cell as to 
the sediment deposited on the bottom of 
it, a wooden strip shaped like the letter 
L is inserted side of the 
tank or jar and the plate nearest this 
side; the strip is then lowered down in 
the cell until it touches the sediment, the 
short arm of the strip being held parallel 
with the plates. 


between one 


When the strip touches 
is turned 
underneath the plates and lifted up until 
it touches the under edge of the plates; 
the distance the upright arm can be lifted, 
plus the width of the horizontal arm is 
equal, of course, to the depth of space 
between the top of the sediment and bot- 


































Left Hand 


FIG. | 


object of the present article is to indicate 
how to maintain a battery in the most 
efficient condition, and it is written from 
practical experience. 

When a storage battery is continuously 
operated the constant deposition accumu- 
lating on the bottom of the tanks or cells 
will in time short-circuit the plates, caus- 
ing them to buckle or warp. The buck- 
ling of the plates also occurs from being 
constantly overcharged, which rapidly 
wastes them away, weakening the grids 
to such an extent that they are unable to 
Sustain their own weight; should the 
plates sag so as to touch each other they 
will buckle just as though accumulated 
sediment had short-circuited them. In 
order to prevent the plates from touch- 
ing when they have weakened 

rious methods of insulating them from 


i. 


become 


other have been applied. Between 
plates of some cells are inserted glass 
which extend from the bottom of 


cells above the upper surface of the 
ised plates, the glass rods being held 
osition by means of strips of vulcan- 


rubber. In other cells a form of 
itor somewhat like the familiar 
rower for Mareh, 1907. 








Right Hand 


The accumulation of 
sediment should not be permitted to ap- 
proach the plates nearer than one inch; 
if this rule is followed it will give satis- 
factory results. 


tom of the plates. 


CLEANING Out SEDIMENT 
In cleaning out the sediment it would be 
advantageous to lift out the plates provid- 
ing they were not too big, but this is a 


dangerous operation with large, heavy 
plates, which are not easy to handle. 


Since in most storage batteries the plates 
are too heavy to -hhandle, some means of 
cleaning out the sediment without lifting 
out the plates is usually adopted. The 
following plan will be found economical 
and efficient. An L-shaped wooden scoop 
is made of the right size to slide down 
into the cell between the side of the jar 
and the turning the 
scoop in the proper direction it can be 
filled with sediment and drawn out of the 
cell; the sediment thus lifted out can be 
deposited in 


nearest plate; by 


wooden or papier-maché 
pails and carried out of the battery room; 
the 
right-handed and the other 
left-handed, as shown in Fig. 1. 


usually two scoops are used, one of 
scoops being 
The arms 
at .4 are made square and long enough to 
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extend above the top of the plates to per- 
mit of handling. The scoops or arms 
shown at B are made long enough to be 
inserted in the cells and permit of being 
turned all the way round in the cells. In 
using the left-handed scoop it is inserted 
in the cells as shown, and when it has 
reached the sediment it is turned toward 
the left hand by the square 
handle A; then by 
handle and turning back the scoop toward 
the right hand it becomes filled with sedi- 
ment. 
the meantime keeping the scoop close to 
the side of the cell, all of 
which the scoop contains can be taken out 
of the cell. In this way the amount of 
sediment contained in the cells can be re- 
duced sufficiently to prevent a short cir- 
cuit. After the leit-hand scoop has been 


means of 
pressing down this 
3y now drawing up the scoop, in 


the sediment 


used the right-hand scoop can then be 
inserted, and if properly used nearly all 
of the sediment can be removed. The 


scoops can be home-made, but those sold 
by the people who furnish the battery will 
be found adaptable and properly made to 
suit the size of the cells. Some scoops 
are made with a square or inclosed end, 
as shown at E, Fig. 2, but those without 
this end will be 
nicely and quickly. 


found to do the work 
When 
is removed the electrolyte will lower in 
the cells and it will be important to have 


from 


the sediment 


a supply of electrolyte on hand 
which to replace that which was taken-out 
in removing the sediment. The amount 
to have on hand will be determined by the 
number of cells cleaned and also by the 
cell; it 


won't do to supply the acid deficiency by 


amount of diminution in each 
pouring water into the cells, as this low 
ers the gravity of the electrolyte and con 
sequently reduces the action of the plates ; 
from this it can be seen that the efficiency 
of the battery would be impaired. When 
the electrolyte is gasing it is then in a 
state of ebullition, and in this condition 
carries with it in suspension an amount 
of sediment which can be easily removed 
by placing across the plates of each cell 
pieces of sheet glass and allowing those 
pieces to rest on the plates beneath the 
acid; the sediment held in suspension will 
rest on the glass plates: the 
glass and washing off the accumulated 


removing 


sediment will assist materially in keep 
ing the cells free from sediment and les 
sening the amount of deposition on the 
bottom of the cells. Grounds are more or 
bat 
teries; the grounds will increase if the 


less an attendant evil with storage 
cells are permitted to remain damp on the 
outside; the damp or moisture will trickle 
down the side of the cell, reaching the 
insulators on which the cells rest; those 
insulators will then become covered with 
a film of water which will facilitate leak 
the earth and thus the 


In order to obviate the loss of 


age to increase 
ground. 
current by reason of the dampness, the 


ells should be kept drv on the outside 
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and the insulators should be coated with 
oil occasionally. 

In the battery room a motor fan should 
be kept in operation, ventilating the room; 
it is a good plan to have the fan and dis- 
charge dust placed above the batteries, 
while the fresh air is admitted as low 
down as possible and in direct line with 
the cell insulators. The fan being in opera- 
tion will cause a current of air to sweep 
along the string pieces and insulators 
which insulate the cells from the earth, 
keeping them dry and preventing heavy 
grounds from occurring; otherwise it will 
be found almost impossible to maintain 
the cells and insulators in dry condition. 





Catechism of Electricity 


640. Illustrate and describe an oil 
switch for a high-tension circuit. 

A three-pole oil switch for a 15,000-volt 
300-ampere alternating-current circuit is 
shown in Fig. 192. This switch is de- 
signed for remote control by means of the 
lever a, the handle of which projects 
through the switchboard at m and is there- 
fore obscured from view. ‘The contact 
parts of one pole of the switch are shown 
at c, e, s and v, the oil tank ordinarily sur- 
rounding them having been removed to 
show the construction. The oil tanks for 
the other two poles are shown in place at 
mand. The switch is opened by pulling 
out the handle at the face of the board. 
This movement, through the system of 
levers and bell-cranks shown, lowers the 
part fh in each of the three tanks and thus 
separates the contacts in each of the three 
parts of the circuit at two points simul- 
taneously. 

When the contacts separate, the arcing 
across them is very small because the oil 














FIG. 192. A HAND-OPERATED OIL SWITCH 

¢ an excellent insulator, and being liquid 
it immediately fills the space between the 
contacts and stops the passage of the cur- 
rent. Owing to the circuits being opened 
at several points simultaneously, the elec- 
tromotive force per break is considerably 
less than the total electromotive force of 
the circuit, and this shortens the spark and 
its duration so that the burning effect 
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upon the contacts is very slight. In prac 
tice, the oil tanks are separated from one 
another and from the switchboard by brick 
partitions to ‘prevent any local trouble from 
spreading. 

641. Are all oil switches operated by 
hand? . 

No; some are operated by electricity and 
others by compressed air. 














FIG, 193. THREE-POLE OIL SWITCH 


642. Show an electrically operated oil 
switch. 

A three-pole electrically operated oil 
switch for a 13,000-volt 300-ampere al- 
ternating-current circuit is shown in Fig. 
193. The motor, at c, is a small 110-volt 
direct-current machine. The leads from it 
run to the controlling switches on the 
switchboard. The terminals s, s, s, of the 
oil switches project downward through the 
bottom slab of the switch cells; when 
these switches are installed, therefore, the 
bus-bars to which they are connected 
should be located either on the same floor 
with the switches or below them. 


PROTECTIVE APPARATUS 

643. What kinds of protective appar- 
atus are generally used? 

Fuses, cut-outs, circuit-breakers and 
lightning arresters. 

644. What is a fuse? 

A fuse is a strip or a wire of alloy com- 
posed of tin, lead and bismuth. Fuses are 
made in two general forms: exposed, or 
“open,” and “inclosed.” 

645. Show some fuses of the open type. 

Fig. 194 shows an open fuse made of 
flat strip or ribbon. The strip ce is 
composed of the alloy mentioned, and is 
shown broken in the illustration to save 
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space. It is soldered to the copper con- 
tact pieces m and n to facilitate its con- 
nection in circuit. An open fuse of wire 
is shown in Fig. 195. The fuse wire as 
is of the same composition as the strip ce, 
Fig. 194, and is soldered to the contact 
strips bd as in the previous case. The 
wire form of fuse is generally used for 
protecting circuits which carry currents 














FIG. 194. RIBBON-TYPE OPEN FUSE 


up to and including 30 amperes. Up to 5 
amperes capacity the fuse wire should be 
at least 144 inches long; for each incre- 
ment of 5 amperes % inch should be 
added. The ribbon form exceeding 4 
inches in length is usual for circuits carry- 
ing currents above 30 amperes. 

646. Describe the method of mounting 
these fuses for connection in circuit. 

A slate or marble fuse block f, Fig. 196, 
is generally employed. This is provided 
with copper terminal blocks ¢ and d, and 














FIG. 195. WIRE-TYPE OPEN FUSE 


if the circuit in which the fuse is to be 
introduced carries over 30 amperes, the 
wire or cable forming the circuit is cut, 
copper lugs a and b soldered to them, and 
the lugs screwed to the terminal blocks 
c and d as indicated. 

647. How does the fuse in Fig. 196 
protect the circuit? 

The fuse s, when connected across the 


. 











FIG. 196. MOUNTING FOR OPEN FUSE 


gap between c and d by means of the 
thumb-screws m and n, allows the normal 
current to pass through the circuit as be 
fore. As the current-carrying’ capacity of 
the fuse is limited, however, it being made 
to conduct only a certain amount of cur 


rent, it will become hot and melt if the 
1 


current exceeds that specified amount, and 


by melting open the circuit. 


ome 


ra A a nn «ee ee | 
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Auxiliaries 


Their Adaptation to the Service, with Especial Reference to 
the Points to be Noted in Their Preparation for Testing 
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for 





Steam lIurbines 





BY 


Tue Jet CONDENSER 
The jet condenser illustrated in Fig. 1 
is singularly well adapted for the iurbine 


installation. As the type has not been 
so widely adopted as the more com- 
mon forms of jet condenser and the 


surface types, it may prove of interest 
to describe briefly its general construction 
and a few of its special features in rela- 
tion to tests. 

Referring to the figure, C is the main 
condenser body. Exhaust steam enters 
at the left-hand side through the pipe E, 
condensing water issuing through the pipe 
D at the opposite side. Passing through 
the short conical pipe P, the condensing 
water enters the cylindrical chamber W 
and falls directly upon the spraying cone 
S. The hight of this spraying cone is 
determined by the tension upon the spring 
T, below the piston R, the latter being 
connected to the cone by a spindle L. An 
increase of the water pressure inside the 
chamber W will thus compress the spring, 
and the spraying cone being consequently 
lowered increases the aperture between 
it and the sloping lower wall of the cham- 
ber W, allowing a greater volume of 
water to be sprayed. The piston R inci- 
dentally prevents water entering the top 
vapor chamber V. From the foregoing it 
can be seen that this condenser is of the 
contra-flow type, the entering steam com- 
ing immediately into contact with the 
sprayed water. The perforated diaphragm 
plate F allows the vaper to rise isto the 
chamber V, from which it is drawn 
through the pipe A to the air pump. A 
relief valve U prevents an excessive accu- 
mulation of pressure in the vapor cham- 
ber, this valve being obviously of delicate 
construction, capable of opening upon a 
very slight increase of the internal pres- 
sure over that of the atmosphere. Con- 
densed steam and circulating water are 
together carried down the pipe B to the 
well Z, from which a portion may be car- 
ried off as feed-water, and the remainder 
cooled and passed through the condenser 
again. Under any circumstances, whether 
the air pump is working or not, a certain 
Percentage of the vapor in the condenser 
Ils always carried down the pipe B, and 
this action alone creates a partial vacuum, 
thus rendering the work of the air pump 
easier, As a matter of fact, a fairly high 
vacuum can be maintained with the air 
Pump closed down, and only the indirect 
Pumping action of the falling water oper- 
ating to rarify the contents of the con- 
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denser body. It is cuistomary to place the 
condenser forty or more feet above the 
circulating-water pump, the latter usually 
being a few feet below the turbine. 


FEATURES DEMANDING ATTENTION 


When operating a condenser of this 
type, the most important features requir- 
ing preliminary inspection and regulation 
while running are: 

(a) Circulating-water regulation. 

(b) Freedom of all mechanical parts 
of spraying mechanism. 


(c) Relief-valve regulation. 
(d) Water-cooling arrangements. 


The tester will, however, devote his at- 
tention to a practical survey of the con 
denser and its auxiliaries, before running 
operations commence. 

A preliminary vacuum test ought to be 
conducted upon the condenser body, and 
the exhaust piping between the condenser 
and turbine. To accomplish this the cir- 
culating-water pipe D can be filled with 
water to the condenser level. The relief 
valve should also be water-sealed. Any 
existing leakage can thus be located and 
stopped. 

Having made the condenser as tight as 
possible within practical limits, vacuum 
might be again raised and, with the same 
parts sealed, allowed to fall slowly for, 
say, ten minutes. A similar test over an 
equal period may then be conducted with 
the relief valve not water-sealed. A com- 
parison of the times taken for an equal 
fall of vacuum in inches, under the differ- 
ent conditions, during the jabove two 
tests, will reveal the extent of the leakage 
taking place through the relief valve. It 
seems superfluous to add that the fall of 
vacuum in both the foregoing tests must 
not be accelerated in any way, but must be 
a result simply of the slight inevitable 
leakage which is to be found in every 
system. 

On a comparatively steady load, and 
with consequently only small fluctuation 
in the volume of steam to be condensed, 
the conditions are most favorable for 
regulating the amount of circulating water 
necessary. Naturally, an excess of water 
above the required minimum will not af- 
fect the pressure conditions inside the con- 
denser. It does, however, increase the 
quantity of water to be handled from the 
hot well, and incidentally lowers the 
temperature there, which, whether the 
feed-water pass through economizers or 
otherwise, is not advisable from an eco- 
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nomical standpoint. Thus there is an 
economical minimum of circulating water 
to be aimed at, and, as previously stated 
it can best be arrived at by running the 
turbine under normal load and adjusting 
the flow of the circulating water by regu 
lating the main valve and the tension upon 
the spring 7. Under abnormal conditions, 
the breakdown of an air pump, or the 
sudden springing of a bad leak, for in 
stance, the amount of circulating water 
can be increased by a farther opening of 
the main valve if necessary, and a relaxa 
tion of the spring tension by hand; or, 
the spring tension might be automatically 
changed 
falling. 

The of all moving 
parts of the spraying mechanism should 
To 
facilitate this, it is customary to construct 
the parts, with the exception of the 
springs, of brass or some other non-cor 
rosive metal, 


immediately upon the vacuum 


absolute freedom 


be one of the tester’s first assurances. 


The spraying cone must be 
thoroughly clean in every channel, to in- 
sure a well-distributed stream of water. 
Nor is it less important that careful at- 
tention be given to the setting and opera 
tion of the relief as will be seen 
later. The obvious object of such a valve 
is to prevent the internal condenser pres 


valve, 


sure ever being maintained much higher 
than the atmospheric pressure. A num 
ber of carefully rubber flap 
valves, or one large one, have been found 
to act successfully for this purpose, al 
though a balanced valve of more sub- 
stantial construction would appear to be 
more desirable. 


designed 


IMPORTANCE OF RELIEF VALVES 


The question of relief valves in turbine 
installations is an important one, and it 
seems desirable at this point to draw at- 
tention to another necessary relief valve 
and its function, namely the turbine at- 
mospheric valve. As generally understood, 
this is placed between the turbine and 
condenser, and, should the pressure in the 
latter, owing to any cause, rise above that 
of the atmosphere, it opens automatically 
and allows the exhaust steam to flow 
through it into the atmosphere, or into 
another condenser. 

A general diagrammatic arrangement of 
a steam turbine, condenser and exhaust 
piping is shown in Fig. 2. Connected to 
the exhaust pipe B, near to the conden 
ser, is the,automatic atmospheric valve 
D, from which leads the exhaust piping E 
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to the atmosphere. The turbine reliei 
valve is shown at F, and the condenscr 
relief valve at G. The main exhaust 
valve between turbine,and condenser is 
seen at H. We have here three separate 
relief valves: One, F, to prevent excessive 
pressure in the turbine; the second, D. 
an atmospheric valve opening a path to 
the air, and, in addition to preventing ecx- 
cessive pressure accumulating, also help- 
ing to keep the temperature of the c n- 
denser body and tubes low; the third, the 
condenser relief valve G, which in itself 
ought to be capable of exhausting all 
steam from the turbine, should occasion 
demand it. 

Assuming a plant of this description to 
be operating favorably, the conditions 
would of necessity be as follows: The 
valves F, D and G, all closed; the valve H 
open. Suppose that, owing to sudden loss 
of circulating water, the vacuum fell to 
zero. The condenser would at once fill 
with steam, a slight pressure would be 
set up, and whichever of the three valves 
happened to be set to blow off at the low- 
est pressure would do so. Now it is de- 
sirable that the first valve to open under 
such circumstances should be the atrmos- 
pheric valve D. This being so, the con- 
denser would remain full of steam at at- 
mospheric pressure until the attendant 
had had time to close the main hand- or 
motor-operated exhaust valve H, which 
he would naturally do before attempting 
to regain the circulation of the conden- 
sing water. Again, assume the installation 
to be running under the initial conditions, 
with the atmospheric valve D and all re- 
maining valves except H closed. 

Suppose the vacuum again fell to zero 
from a similar cause, and, farther, sup- 
pose the atmospheric valve D failed tu 
operate automatically. The only valves 
now capable of passing the exhaust steam 
are the turbine and condenser relief 
valves F and G. Inasmuch as the pres- 
sures at exhaust in the turbine proper, on 
varying load, vary over a considerably 
greater range than the small fairly con- 
stant absolute pressures inside the con- 
denser, it is obviously necessary to allow 
for this factor in the respective setting 
of these two relief valves. In other words, 
the obvious deduction is to set the tur- 
bine relief valve to blow off at a higher 
pressure than the condenser relief valve, 
even when considering the question with 
respect to condensing conditions only. In 
this second hypothetical case, then, with a 
closed and disabled atmospheric valve, 
the exhaust must take place through the 
condenser, until the turbine can be shut 
down, or the circulating water regained 
without the former course being found 
necessary. 

There is one other remote case which 
may be assumed, namely, the simulta- 
neous refusal of both atmospheric and 
condenser relief valves to open, upon the 
vacuum inside the condenser being entire- 
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ly lost. The exhaust would then be blown 
through the turbine relief valve F, until 
the plant could be closed down. 

Although the conditions just cited are 
highly improbable in actual practice, it 
can at once be seén that to insure the 
safety of the condenser, absolutely, the 
turbine relief valve must be set to open at 
a comparatively low pressure, say 40 
pounds by gage, or thereabouts. To set it 
much lower than this would create a pos- 
sibility of its leaking when the turbine 
was making a non-condensing run, and 
when the pressure at the turbine exhaust 
end is often above that of the atmosphere. 
From every point of view, therefore, it is 
advisable to make a minute examination 
of all relief valves in a system, and before 
a test to insure that these valves are all 
set to open at their correct relative pres- 
sures. 

It must be admitted that the practice of 
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placing a large relief valve upon a con- 
denser in addition to the atmospheric ex- 
hausting valve is by no means common. 
The latter valve where surface con- 
densing is adopted, is often thought suffi- 
cient, working in conjunction with a 
quickly-operated main exhaust valve. 
Similarly, with a barometric condenser as 
that illustrated in Fig, 1, the atmospheric 
exhaust valve D (seen in Fig. 2) is some- 
times dispensed with. This course is, 
however, objectionable, for upon a loss of 
vacuum in the turbine, all exhaust steam 
must pass through the condenser body, or 
the entire plant be closed down until the 
vacuum is regained. The simple con- 
struction of the barometric condenser, 
however, is in such an event much to its 
advantage, and the passage of the hot 
steam right through it is not likely to 
seriously warp or strain any of its parts, 
as might probably happen in the case of 
a surface condenser. 

The question of the advisability of thus 
adding to a plant can only be fairly de- 
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cided when all conditions, operating and 
otherwise, are fully known. For exam- 
ple, if we assume a large turbine to be 
operating on a greatly varying load, and 
exhausting into a condenser, as that in 
Fig. 1, and, farther, having an adequate 
stand-by to back it up, one’s obvious 
recommendation would be to equip the in 
stallation with both a condenser relie! 
valve and an atmospheric valve, in addi 
tion, of course, to the main exhaus'! 
valve, which is always placed between th: 
atmospheric valve and condenser. Ther: 
are still other considerations, such as 
water supply, condition of circulating 
water, style of pump, etc., which must al] 
necessarily have an obvious bearing upon 
the settlement of this question; so that 
generalization is somewhat out of place, 
the final design in all cases depending sole 
ly upon general principles and local con 
ditions. 


OTHER NECESSARY FEATURES OF A TEST 


In connection with the condenser, of 
any type, and its auxiliaries, there remain 
a few necessary examinations and opera 
tions to be conducted, if it is desired to ob- 
tain the very best results during the test. 
It will be sufficient to just outline them, 
the method of procedure being well 
known, and the requirement of any strict 
routine being unnecessary. These include: 

(1) A thorough examination of the 
air pump, and if possible an equally care- 
ful examination of diagrams taken from 
it when running on full load. Also care- 
ful examination of the piping, and of any 
other connections between the air pump 
and condenser, or other auxiliaries. It 
will be well in this examination to note 
the general “lay” of the air pipes, length, 
hight to which they rise above condenser 
and air pump, facilities for drainage, etc., 
as this information may prove valuable in 
determining the course necessary to recti- 
fy deficiencies which may later be found 
to exist. 

(2) Ina surface condenser, inspection 
of the pumps delivering condensed steam 
to the measuring tanks or hot-well; in- 
spection of piping between the condenser 
and the pump, and also between the pump 
and measuring tanks. If these pumps are 
of the centrifugal type it is essential to 
insure, for the purposes of a steam-con- 
sumption test, as much regularity of de- 
livery as possible. 

(3) In the case of a consumption test 
upon a turbine exhausting into a baro- 
metric condenser, and where the steam 
consumed is being measured by the evap- 
oration in the boiler over the test period, 
time must be devoted to the feed-pipes 
between the feed-water measuring meter | 
tank and the boilers. Under conditions sim- 
ilar to those operating in a plant such as 
that shown in Fig. 1, the necessary boi! 
feed might be drawn from the hot-well, 
the remainder of the hot-well contents 


probably being pumped through wa’ 
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coolers, or towers, for circulating through 
the condenser. With the very best system, it 
is possible for a slight quantity of oil to 


leak into the exhaust steam, and thence to 


the hot-well. In its passage, say along 
wooden conduits, to the measuring tank or 
meter, this water would probably pass 
through a number of filters. The effi- 
ciency of these must be thoroughly in- 
sured. It is unusual, in those cases where 
a simple turbine steam-consumption test is 
being carried out, and not an efficiency 
test of a complete plant, to pass the mea- 
sured feed-water through economizers. 
Should the latter course, owing to special 
conditions, become necessary, a careful ex- 
amination of all economizer pipes would 
be necessary. 

(4) The very careful examination of 
all thermometer pockets, steam- and tem- 
perature-gage holes, etc., as to cleanliness, 
non-accumulation of scale, etc. 


SPECIAL AUXILIARIES NECESSARY 


Having outlined the points of interest 
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is desirable to place pressure gages. The 
figure does not show the high-pressure 
steam pipe, nor any of the turbine valves. 
With regard to these, it will be desirable 
to place a steam gage in the pipe, imme- 
diately before the main stop-valve, and 
another immediately after it. Any fall of 
pressure between the two sides of the 
valve can thus be detected. To illustrate 
this clearly, Fig. 4 is given, showing the 
valves of a turbine, and the position of 
the gages connected to them. The two 
gages E and F on either side of the main 
stop-valve A are also shown. The steam 
after passing through the valve, which, in 
the case of small turbines, is hand-oper 
ated, goes in turn through the automatic 
stop-valve B, the function of which is to 
automatically shut steam off should the 
turbine attain a pre-determined speed 
above the normal, the steam strainer C, 
and finally through the governing valve D 
into the turbine. As shown, gages G and 
H are also fitted on either side of the 
strainer, and these, in conjunction with 
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no blades, G in the exhaust pipe immedi- 
ately before the main exhaust valve E 
(see Fig. 2), and H connected to the 
condenser. On condensing full load it is 
probable that A, B and C will all register 
pressures above the atmosphere, while 
gages D, E, F and G will register pres 
sures below the atmosphere, being for this 
purpose vacuum gages. On the other hand, 
with a varying load, and consequently 
varying initial pressures, one or two of 
the gages may register pressure at one 
moment and vacuum at another. It will 
therefore be necessary to place at these 
points compound gages capable of regis- 
tering both pressure and vacuum. With 
the pressures in the various stages con 
stantly varying, however, a gage is not 
by any means the most reliable instru 
ment for recording such variations. The 
constant swinging of the finger not only 
renders accurate reading at any particu 
lar moment both difficult and, to an ex 
tent, unreliable, but, in addition, the ac 
companying sudden changes of condition, 
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and importance in connection with the 
more permanent features of a plant, we 
arrive at the preparation and fitting of 
those special auxiliaries necessary to carry 
on the test. 

It is customary, when carrying out a 
first test, upon both prime mover and 
auxiliaries, to place every important stage 
in the expansion in communication with a 
gage, so that the various pressures may be 
recorded and later compared with the fig- 
ures of actual requirement. To do this, 
in the case of the turbine, it is necessary 
to bore holes in the cover leading to the 


Various expansion chambers, and into 
each of these holes to screw a 
short length of steam pipe, having 
Preferably a loop in its length, to 
the other end of which the gage 
is attached. Fig. 3 illustrates, diagram- 
matically, a somplete turbine  installa- 


tion, and shows the various points along 
the course taken by the steam at which it 

















gages E and IF, will enable any fall in 
pressure between the first two valves and 
the governing valve to be found. Up te 
the governing-valve inlet no throttling of 
the steam ought to take place under nor- 
mal conditions, i. e., with all valves open, 
and consequently any fall in pressure be- 
tween the steam inlet and this point must 
be the result of internal wire-drawing. 
By placing the gages as shown, the extent 
to which this wire-drawing affects the 
pressures obtainable can be discovered. 
On varying and even on normal and 
steady full load, the steam is more or 
less reduced in pressure after passing 
through the governing valve D; a gage J 
must consequently be placed between the 
valve, preferably on the valve itself, and 
the turbine. Returning to Fig. 3, the 
gages shown are A, B, C, D and E, con- 
nected to the first, second, third, fourth 
and fifth expansions; also F in the tur- 
bine and exhaust space, where there are 














FIG. 3 


both of temperature and pressure, occur 
ring inside the gage tube, in a compara 
tively short time permanently warp this 
part, and thus altogether to destroy the 
accuracy of the gage. It is well known 
that even with the best steel-tube gages, 
registering comparatively steady pres 
sures, this warping of the tube inevitably 
takes place. The quicker deterioration of 
such gage tubes, when the gage is regis- 
tering quickly changing pressures, can 
therefore readily be conceived, and for 
this reason alone it is desirable to have 
all gages, whatever the conditions under 
which they work, carefully tested and ad 
justed at short intervals. If it is desired 
to obtain reliable registration of the sev- 
eral pressures in the different expansions 
of a turbine running on a varying load, it 
would therefore seem advisable to obtain 
these by some type of external spring 
gage (an ordinary indicator has _ been 
found to serve well for this purpose) 
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which the sudden internal variations in 
pressure and temperature cannot dele- 
teriously affect. 

In view of the great importance he 
must attach to his gage readings, the 
tester would do well to test and calibrate 
and adjust where necessary all the gages 
he intends using during a test. This he 
can do with a standard gage-testing out- 
fit. By this means only can he have full 
confidence in the accuracy of his results. 

In like manner it is his duty, person- 
ally, to supervise the connecting and ar- 
rangement of the gages, and the prelim- 
inary testing for leakage which can be 
carried out simultaneously with the vacu- 
um test made upon the turbine casing. 


WHERE THERMOMETERS ARE REQUIRED 


Equally important with the foregoing 
is the necessity of calibrating and testing 
of all thermometers used during a test. 
Where possible it is advisable to place 
new thermometers which have been pre- 
viously tested at all points of high tem- 
perature. Briefly running them over, the 
points at which it is necessary to place 
thermometers in the entire system of the 
steam and condensing plant are as fol- 
lows: 

(1) A thermometer in the steam pipe 
on the boiler, where the pipe leaves the 
superheater. 

(2) In the steam pipe immediately in 
front of the main stop-valve, near point 
E in Fig, 4. 

(3) In the main governing valve body 
(see J, Fig. 4) on the inlet side. 

(4) In the main governing valve body 
on the turbine side, which will register 
temperatures of steam after it has passed 
through the valve. 

(5) In the steam-turbine high-pressure 
chamber, giving the temperature of the 
steam before it has passed through any 
blades. 

(6) In the exhaust chamber, giving 
the temperature of steam on leaving the 
last row of blades. 

(7) In the exhaust pipe near the con- 
denser. 

(8) In the condenser body. 

(9) In the circulating-water inlet pipe 
close to the condenser. 

(10) In the circulating-water outlet 
pipe close to the condenser. 
(11) In the air-pump 

close to the condenser. 

(12) In the air-pump 
close to the air pump. 

It is not inadvisable to place at those 
vital points, the readings at which direct- 
ly or indirectly affect the consumption, 
two thermometers, say one ordinary 
chemical thermometer and one thermome- 
ter of the gage type, thus eliminating the 
possibility of any doubt which might exist 
were only one thermometer placed there. 

There is no apparent reason why one 
should attempt to take a series of tem- 
perature readings during a consumption 


suction pipe 


suction pipe 
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test on varying load. The temperatures 
registered under a steady load test can 
be obtained with great reliability, but on 
a varying load, with constantly changing 
temperatures at all points, this is impos- 
sible. This is, of course, owing to the 
natural sluggishness of the temperature- 
recording instruments, of whatever class 
they belong to, in responding to changes 
of condition. As a matter of fact, the 
possibility of obtaining correctly the en- 
tire conditions in a system running under 
greatly varying loads is very doubtful in- 
deed, and consequently great reliance 
cannot be placed upon figures obtained 
under such conditions. 

A few simple calculations will reveal to 
the tester his special requirements in the 
direction of measuring tanks, piping, etc., 
for his steam consumption test. Thus, as- 
suming the turbine to be tested to be of 
3000 kilowatt capacity normal load, with a 
guaranteed steam consumption of, Say, 
14.5 pounds per kilowatt-hour, he calcu- 
lates the total water rate per hour, which 
in this case would be 43,500 pounds, and 





designs his weighing or measuring tanks 
to cope with that amount, allowing, of 
course, a marginal tank volume for over- 
load requirements. 





A Gas-Air Locomotive 





According to the English Practical 
Engineer, the Sulzer Brothers, of Win- 
terthur, Zurich, have devised an applica- 
tion of the internal-combustion engine to 
locomotive purposes which is “likely to 
overcome many of the difficulties hitherto 
encountered.” The internal - combustion 
engine is provided with an air-com- 
pressing cylinder mounted above the com- 
bustion cylinder, the two pistons being 
rigidly connected together. A portion of 
the air from the compressor is used in the 
combustion chamber, but the larger por- 
tion goes to driving cylinders arranged in 
a similar position to those of an ordinary 
steam locomotive; the pistons of the com- 
pressed-air cylinders are connected in the 
usual manner by connecting-rods to the 
two axles of four main driving wheels. 
When the locomotive is standing, the in- 
ternal-combustion engine delivers com- 
pressed air to a reservoir, where it is 
stored for either starting the internal- 
combustion engine or for assisting to 
start the locomotive. 





Leather washers smeared with soap will 
not leak gasolene. 











March 17, 1908. 


Durability of Modern Electrical 
Apparatus 





When properly constructed, electrica 
apparatus is nearly indestructible if sub 
jected only to ordinary, rational usage, 
and it often comes out with flying colors 
from subjection to floods and fires. The 
few incidents quoted herein are excellent 
examples of the amount of abnormal 
usage that well-constructed electrical ap- 
paratus will survive. 

In the Knights deep mine, near Johan 
nesburg, South Africa, were installed 
thirty-six 15-horse-power and twelve 50- 
horse-power, three-phase induction motors 
for operating the mine pumps. Through 
a peculiar combination of circumstances 
the mine was allowed to fill with water, 
the motors and transformers remaining 
under several hundred feet of water for 
more than two years. When taken out, 
three of the motors were re-wound in the 
local repair shop. The others were simply 
dried out and then soaked in oil. Con- 
trary to all expectations and to the sur- 
prise of all concerned, the insulation was 
found to be in excellent condition, and the 
motors were put into service apparently 
none the worse for their high-pressure 
bath. The transformers were treated in 
the same manner, and shortly afterward 
they replaced several transformers of 
English make which had burned out only 
a short time after being installed. 

A railway power station situated near 
the Mississippi river was badly flooded 
during the season of high water. Two 
1500-kilowatt, 6000-volt generators were 
more than half under water for nearly a 
week, but when dried out carried their 
load without giving any trouble what- 
ever. In fact, the first machine to be dried 
out carried the entire railway load until 
the second machine could be put in con- 
dition. 

A 3-horse-power induction motor was 
taken from the ruins of the printing office 
of The Democrat, Ellsworth, Me., a few 
days after the entire building had been 
destroyed by fire. After being freed from 
a coat of ice and cinders, the motor 
was dried and cleaned. When connected 
to the circuit it ran as smoothly as when 
first installed. Some idea of the intensity 
of the heat to which the motor was sub- 
jected may be gained from the fact that 
the switchboard and instruments were 
completely destroyed. 

A 20-horse-power, 550-volt, three-phase 
induction motor in a leather warehouse in 
Salem, Mass., was subjected to a severe 
ordeal during a fire. After the building 
and its contents had been deluged with 
water, the motor was removed and, after 
being cleaned, dried and fitted with an- 
other pulley, started immediately on ap- 
plication of the current. The motor has 
since carried its rated load and does not 
appear to be damaged in any way except 
as to appearance. 
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Another excellent example of the dura- 
bility of the induction motor was shown 
by the remarkable performance of a 5- 
horse-power motor which was used in 
driving a pump in the G. H. Perry Com- 
pany’s quarry in South Dakota. The 
motor was often allowed to run without 
any attention over night, especially dur- 
ing the rainy season. One night a heavy 
rainstorm filled the quarry to such a 
hight that the motor was half under water. 
When started the next morning it picked 
up its load and carried it steadily until 
the pit was emptied of water. On exami- 
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Use of Tackle for Hoisting and 
Dragging 





3y F. W. Brapy 

Those who have to use blocks and ropes 
when erecting machinery and buildings 
sometimes become confused regarding the 
arrangement of them in order to get the 
best results. The rule relating to a pair 
of blocks carrying one or more pulleys, 
and using a single rope looped through 
them is as follows: 

The weight that can be lifted equals the 
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FIG. I 


nation it was found to be none the worse 
for its prolonged bath, although a new 
pulley had to be put on in place of the 
old wood pulley, which was softened and 
warped out of shape. 





It is estimated that New Zealand has 
an available coal supply of 1,200,000,000 
ns, of which not more than 20,000,000 
ons have been touched. This was the 
first of the British colonies to try the ex- 
periment of State ownership of colliery 

perty. 
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FIG. 2 


pull on the free end of the rope multi- 
plied by the number of strands of rope 
extending from the movable block. 
Thus, in Fig. 1, which shows the com- 
mon form of blocks and ropes, the fixed 
block a is that attached to the support. 
The movable block b is that attached to 
the load or weight, and it is moved by 
means of a pull applied to the free end c 
of the rope. The blocks in Fig. 1 have 
three pulleys each, and when in the posi- 
tion illustrated there are six ropes ex- 
tending from the movable pulley b; that 
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is, if the movable biock b were cut off by 
passing a blade along the line marked e f, 


six ropes would be severed. According 
to the rule then, 100 pounds pull at c 
would balance 100 X6—600 pounds at 
w. This is the theoretical balance, no 
allowance being made for the friction of 
the pulleys and strands of the rope. More- 
over, it does not make any difference what 
direction the free end c takes after leav- 
ing the last pulley on the fixed block a. 
The weight balanced per unit pull at c 
will be the same at any of the positions 
shown by the dotted lines g and h. It 
will be noticed in this arrangement that 
the fixed end k& of the rope is attached 
to the fixed block a. 

Now, invert the outfit as shown in Fig. 
2, using the same blocks and number of 
pulleys and loops of rope, and the relation 
between the pull and the weight balanced 
is different from that shown in Fig. 1. In 
Fig. 2 the fixed end k of the rope is 
attached to the movable block a, and in 
order to cut off the movable block by 
passing a blade along the dotted line / m, 
seven ropes would be severed. In this 
case, then, 100 pounds pull at c would bal- 
ance 100 X 7 = 700 pounds at w, and the 
arrangement is more advantageous than 
that shown in Fig. 1. In many cases, not 
only for direct hoisting, but especially 
for dragging heavy machinery from the 
car, or into position on the foundations, 
the method shown in Fig. 2 should be 
used. 

The rule if applied to Fig. 2 assumes 
that all the strands of the rope are par- 
allel. If the free end to which the pull is 
applied is not parallel with the other 
strands, then a correction must be made. 
Thus, suppose the free end has the direc- 
tion of the line marked r of Fig. 2, the 
angle with the parallel ropes being 30 
degrees. Complete the triangle of forces 
shown at tuv. The amount of weight 
balanced by the pull is then equal to the 
amount of pull at the free end multiplied 
by the number of parallel strands leading 
from the movable block, plus that por- 
tion of the pull at the free end repre- 
sented by the line uv in the triangle of 
forces. For a pull of 100 pounds, the six 
parallel ropes will balance 6 X 100 = 600 
pounds. In the triangle of forces with the 
angles indicated, the side uv equals 86.6 
pounds, and vt=50 pounds. The total 
weight balanced by the pull of 100 pounds 
equals 600-+ 86.6= 686.6 pounds. The 
side pull of 50 pounds deflects the weight, 
but does not force it in the direction of 
the fixed block. 

From a study of the explanation given 
above, it will be seen that the movable 
block is the fundamental starting point 
for the consideration of problems relating 
to blocks and ropes, no matter what the 
number of pulleys in each block may be, 
and that the rule as stated covers both 
cases, but that when the free end leads 
at an angle from the movable block, a 
correction must be made. 
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Experiences and Advice of a 
Gas-engine Inspector 


By H. W. Jones 


To the public mind, gas and exorbitant 
bills are bound together with chains of 
iron and bands of steel. That is the kind 
of gas engine I've had experience with. 
Not gasolene engines, not producer-gas 
engines, not blast-furnace gas engines, but 
“gas-bill” gas engines. If one buys the 
right engine and gives this engine the 
care and attention it deserves, he will 
find that the “gas-bill” engine will prove 
a good friend. 

All makers of gas engines will admit 
that conditions exist in different cities of 
which they are unaware, so that the con- 
ditions under which their engines are to 
operate seldom fully understood; 
therefore, when they build an engine it 1s 
built to operate “comparatively good” un- 
der any or all conditions. Any of the 
high-grade makers will gladly change their 
engine to suit your own conditions if they 
are advised what these conditions are. 

If the gas quality is different in different 
cities, then conditions are different. If 
engines differ in speed, then conditions 
change. If engines differ in construction, 
in compression, in igniting devices, or in 
any detail, the operating conditions must 
also differ; a jump spark will be a good 
feature on an engine using one grade of 
gas and a failure on another. An engine 
operating on gasolene will run good on 
an ignition battery showing three volts, 
but change this engine over to gas and do 
not advance the igniter, and if you leave 
the compression as it was with gasolene, 
the engine will miss ignitions and the gas 
bill be larger than the user expected. 
Gasolene ignites quickly, gas ignites more 
slowly, some gas ignites more quickly than 
others. The higher the compression the 
less gas is required to do the same work. 
Some gas requires a compression of 130 
pounds to get best results; some gas gives 
best results at 85 to 90 pounds. Some gas 
demands that the igniter shall act 7 de- 
grees ahead of center. Other gas under 
the same compression demands the ig- 
niter set to act 25 degrees ahead and some 
even 30 degrees. Consequently if the gas 
is compressed as high as it will stand, al- 
lowing a factor of safety for both the gas 
and the engine, and if the igniter is set as 
early as the compression and the gas will 
permit, good results will follow. If you 
do not do this. don't blame the engine, 
don't blame the gas, but give yourself all 
the blame. If you do not know your own 
conditions, then send for a gas-engine en- 
thusiast and he will study your conditions 
and your gas and advise with you, not 
alone for so much an hour, but from his 
very enthusiasm he will draw out the facts 
and adjust the engine to get best results. 
I am going to relate three stories to em- 
phasize my remarks, not ancient history, 


are 
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but matters of record of a part of the last 
week's work in January, 1908. 

A manufacturer of electric signals com- 
plained of high bills; said his meter must 
be wrong or our engine was no good. On 
inspecting we found that the stationary 
electrode was worn down until the igni- 
tion was taking place about Io degrees too 
We screwed in the electrode to the 
proper point and started up the engine. 


early. 


Before stopping the engine the engineer 
and myself took the statement of the 
meter and timed it for ten minutes. The 
consumption for five minutes was 25 feet; 
for ten minutes 50 feet, or 300 feet per 
hour; after adjusting the engine we timed 
the meter again and the result was 40 
cubic feet in 10 minutes; 100 feet of gas 
in 25 minutes or 240 cubic feet per hour. 
The user claimed the gas bill was about 
$10 too much. The engine runs 8 hours 
per day, 26 days per month, pulling to to 
12 horse-power, average. The bills as a 
general thing run $40 per month; the bill 
last month was $50, and he was blaming 
the engine. 

A manufacturer of manual training 
school devices complained that his engine 
was not right and that he would never 
recommend any one use gas 
engines. On inspection we found the ig- 
niter was set to break at 5% degrees past 
center. The engine was running about 
320 revolutions per minute. The owner 
timed the meter himself before and after. 
We set the igniter to break 22 degrees 
ahead (the engine has low compression. 
The language the gentleman used cannot 
well be printed, but it was not directed at 
the meter nor at the engine he was shown. 

A dealer in coffee and spices has an 
engine of a late type. The engine, he 
said, would not pull half-load. He said 
the engine was no good, worn out, etc., 
and he was going to sell it cheap. On 
examination we found the batteries run 
down. The attendant said the batteries 
were all right, and so they were in the 
morning after a rest, but after being used 
awhile the voltage was almost nothing. 
We recharged the batteries and adjusted 
the igniter. His bill this month shows a 
large reduction. ; 


again to 


Owners should realize that gas engines 
need engineers, good ones; that the cost 
of running an engine does not depend 
on the maker solely, nor on the gas meter, 
but on the brains of the operator. The 
life of an engine may be prolonged and 
the efficiency enhanced at the cost of 
merely the education of your engineer up 
to the standard. And the better the engi- 
neer, the less of his time you will have 
to charge up to your gas engine. 

Those of you who “know how it is 
yourself,” perhaps, have been often placed 
in the same position that I have. That is, 
when you call on a “prospect” whom others 
have called on you find the poor unfor- 
tunate’s head full of B.t.u.’s, I. H. Ps. 
ete., mixed with adjustable igniters and 
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automatic governors, and he says to you 
in a sort of “gone” tone of voice that he 
is about to sign a contract for a steam 
plant, because if no two of the “experts” 
he has been talking with agree, how can 
any of us expect him to decide on using 
such a queer machine? One tells him the 
engine requires careful attention and ad 
justments; another claims a gas engine 
doesn’t need an engineer, that a boy can 
run it. One claims that in order to get 
results that are pleasing, he must tak« 
the statement of the meter each day, and 
if any day the bill is larger, doing the 
same work, than the day before, look fo: 
the cause. The other man, not knowing 
how to read a meter himself, does not 
mention this. 

In most large cities of the country there 
are schools of gas-engine engineering; the 
Young Men’s Christian Association is 
doing good work along that line. May | 
suggest to gas-engine builders that it will 
pay them well to send agents and sales 
men to some such school? The work is 
both practical and theoretical and condi 
tions as they exist are carefully studied 
I take a course, am taking it now, and the 
benefits to me have been large. If this 
advice is taken, the result will be that 
when calling on a “prospect” each man 
will be familiar with the conditions exist 
ing in that city and will carefully go into 
details in regard to the adjustments 
needed; each will know the actual re- 
sults gained by experience and experi- 
ments made under the same conditions 
as the prospective buyer’s, each will agree 
as to the general requirements and gen 
eral results, and the man will buy a gas 
engine. 

There is no real need of over-stating, 
no need of lying about gas engines. There 
are enough good points in a gas engine 
to talk about, good points that if prop 
erly put will sell the goods; only know 
the facts. Enthusiasm of the right kind 
will help you and help the gas-engine in 
dustry. 

I said I’d relate three stories. May | 
add one more? I sold a 25-horse-power 
engine to a customer who was also my 
friend. When the gas bill came it was 
“big,” the only complaint of the whole 
installation. In my efforts to better con 
ditions all the information I could gather 
and every means I could study up were 
used. The president of the gas-engine 
company told me when I visited the fac 
tory that he would send Windell, and 
Windell came, and he and I spent two 
days and one night in enthusiastic search 
for the cause, and this is what he, not | 
found. I, like others, always thought 
big air supply necessary, and I had put or 
a 2%-inch air pipe and had placed th: 
graduated-scale cock about Io inches fron 
the engine. Mr. Windell instructed me t 
put the scale cock closer tothe engine. H 
adjusted the gas valve to open just a trifl 
later than the air to stop back-firing, an 
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then he instructed me to reduce the size 
f the air supply from one size larger 
than the engine opening to one size smal- 
er than the opening, “because,” said he, 
while the amount of air you get has 
much to do with it, the velocity at which 
ou get it has much to do with it as 
well; at high velocity it mixes better.” 
The same amount of air being sucked 
through a 1%-inch pipe traveled with 
greater velocity than via a 2%-inch pipe, 
and consequently the mixture was better. 
lhe result showed for itself. Before the 
change the engine, tested by three dif- 
ferent experts, was using 57 feet in 9 
minutes or 380 feet per hour. After the 
change it used 55 feet of gas in 10 min- 
utes or 330 cubic feet per hour, pulling 
absolutely the same load by the ammeter 
(electrical installation). 

Gas-engine men, try 

test. You won't be sorry. 


that air-supply 





How an Overloaded Clutch 
Gave Out 


By W. H. WaxkeMan 


The main shaft of a plant which I know 
of passes through the engine room, and 
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ing and cracking the remainder of the ma 
chinery stopped. 

The main pulley was fitted with a clutch 
that was originally intended to transmit 
25 horse-power, but by very 
tight adjustments it was made to drive 
about 50, and 


means of 


a greater load was to be 
put onto it in the near future. The hub 
of this pulley was keyed to the shaft in 
the usual way, and the break was located 
in this hub, near to one end of it. As 
long as the shaft prevented from 
moving endwise, a short piece of the key 
held in about an inch of the spline, but as 
soon as it could be crowded 
short distance, the key slipped out and 
made a without part cf the 
shaft, and this continued until the engine 
was shut down. 


Was 


endwise a 


circle one 


This pulley had sqeaked for a lon,z time 
and efforts were made to stop it, but to 
no effect, as nobody knew the real cause 
of the trouble. The shaft had evidently 
been broken a long time, judging by the 
appearance of the fracture, as it was of 
a dull color, and much of it was worn 
smooth by friction. 


There was a coupling near the main 
pulley on the left-hand side, as shown at 
A .in the accompanying engraving, but 
previous to this time there was none at 
the right, and the shaft was all 


215/16 















































THE CLUTCH 


Machinery 1s driven from both sides cf the 
pulley. The other day there was 
a great clattering noise heard in this room, 


mal 





and quick investigation showed that it 
proceeded from the hub of the main pulley. 
The main shaft on one side of the main 
pull soon ceased to revolve, although 
everything else was running as_ usual. 
Steam was shut off, and with much bump- 
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GAVE Ol 


after 
a man was sawing this shaft 
in two with a 


diameter. A short time 


the accident 


inches in 


lack-saw at B, and when 
this part of the job was completed the 
right-hand end was allowed to stand still 
for nearly two days. 

A piece of shafting 315/16 inches in 
diameter was procured, with two suitable 


hangers to support it. The bushing which 
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constituted a part of the clutch pulley was 
taken and an order sent to a con- 
venient foundry for a cast-iron bushing 
to reduce the hole from 53% inches to the 
right size for this shaft for which a spline 
A pattern was made 
and the casting delivered in two hours. 


out 


was cut for a key. 
The main belt on this engine was end 
less, and in order to save time and ex- 
pense the engineer rigged a tackle and 
drew the main pulley with the belt on it 
into place without disturbing the glued 
joint. ‘A compression coupling was pro 
for use at 4, but it was intended 
to connect two pieces of shafting of the 
diameter \ hard maple bushing 
intended for use in a wood pulley fitted 
nicely over the smaller shaft and after a 
slot to receive the iron 
key, the coupling was tightened, proving 
satisfactory for temporary use. 


cured 


same 


was sawed in it 


This accident happened about 10 a.m. 
Saturday, and although the last afternoon 
in the week is not the best time to get 
repairs made quickly, the left-hand end 
of the shaft was in service Monday morn 
ing, causing only seven hours’ delay to 
this part of the shop. 

The coupling at B was managed in the 
same way, except that no spline was avail 
able to assist the wooden bushing in driv 
ing the smaller shaft. To prevent trouble 
on this account, the engineer bored two 
holes % inch in diameter and about 1 
inch deep into the shaft, with a ratchet 
drill, and drove an iron pin into each; 
then laid a short piece of square iron on 
the shaft in front of each pin, to provide 
sufficient bearing surface to prevent the 
pins from cutting into the wood bushing. 
When the coupling was properly tight- 
ened over this contrivance it proved sat 
isfactory until split cast-iren bushings 
suitable for 215/16-inch shafting on one 
the other could be 
procured, thus making a permanent job. 

The jack-shaft of a plant should always 
be made larger where the main pulley is 


end and 315/16- on 


keyed to it, especially if power is to be 
taken off from both sides of this pulley. 
This is also true of cases where the main 
Ine shaft is used as a jack-shaft, because 
shafting is supposed to 
be the right size to transmit the power 
required, and it extends in two directions, 
therefore the that must the 
whole load should be larger accordingly 
The f this is frequently found 
in practice, as the shafting is the same 

these points, but is weakened 
by cutting a large spline to recetve the 
iain key just where the greatest strength 


in either case the 


part carry 


reverse ¢ 


diameter at 


is required 





It is reported that a French water-tube 
boiler built in Paris recently evaporated 
on an official test 72 pounds of water per 
foot of heating surface. The 
consists of a horizontal steam 
drum and water-leg with tubes of U- 
shape, the upper leg of dis- 
charging into the steam space 


square 
boiler 


the tubes 





406 


Graphical Presentation of Power-plant 


Curves 
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Costs 


Showing Average Working Conditions, with Capital 


Costs Compiled from Information Supplied by Manufacturers 
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There is no more interesting study in 
engineering than the cost of the produc- 
tion of power. Year after year the de- 
mand has come from the industrial world 
for power upon the lowest possible terms 
of payment. This demand has been a 


W. he 


surrounding district. At the time this 
commission was appointed the writer was 


W A Y 


engaged on some research work at college 
and in connection with this work it was 
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turned their attention to the various means 
of producing power, namely, the steam 
engine, the gas engine, the steam and the 
water turbines. The effect of cheap pow- 
er in encouraging and conserving small 
industries has been demonstrated time af- 
ter time. But unfortunately, power pro- 
duced in small steam plants is usually 
high in cost, especially where the price 
of coal is high. 

As a result of the demand for cheap 
power, the Ontario government in the 
early part of 1906 appointed a commission 
to inquire into the present cost of pro- 
duction of power and also report on the 
cost of production and transmission of 
electric power from Niagara Falls to the 
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necessary to ascertain as closely as pos- 
sible the cost of production of power, and 
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slide-valve non-condensing type and the 
boilers return-tubular. 










ge in Price) of Coal 


a a 

so | 

a A 
=| i * 
a8} 3-70 


oe os 
Cost in Dollars 
S 


Variation in Cost of Power with % 





— $e oe 


Horse Power Installed | 
20 40 50 60 


Engines - Simple Corliss Non-Condensing 

Boilers, - Return Tubular 

AA’- Shows the Effect on Cost of 24 Hour Power with a 
Variation in Price of Coal of One Half_Dollar per Ton 


BB’ - Shows the Effect on 10 Hour Power with a Variation 
of One Half Doilar per Ton 


—£4 per Ii, p, 
er per B.I1L.P, 






Annual Costs include interest at 5% , Depreciation and Repairs on 
Plant, Labor and Fuel (Coal at $4, per Ton ) 


109 





70 30 90 





FIG. 2 


at the same time how the cost varied with 
the size of plant installed. Consequently, 
the report of the Ontario commission was 
studied with much interest. 

The curves here shown were plotted 
from the results gathered after a careful 
study of data available in technical jour- 
nals and also from data collected by the 
commission’s engineers in various towns 
in the district. The capital costs have 
been compiled from information  sup- 
plied by various makers of power-plant 
machinery. The curves represent average 
working conditions and are based on a 
high-class installation. It is understood 
that the actual running conditions of any 
two plants very seldom agree, and any 
given problem of power-plant design and 
arrangement must be worked out to suit 
the local conditions. But the results here 
plotted and machinery selected may be 
considered standard for the size of plant 
considered. 

Fig. 1 shows the capital costs of steam- 
power plants and annual costs per brake 


Fig. 2 shows annual and capital costs 
for steam-power plants of from 30 to 100 
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with compound condensing Corliss en- 
gines, and return-tubular boilers with re- 
serve capacity. 

Fig. 4 shows costs on plants of 300 tu 
1000 horse-power with compound-condens- 
ing Corliss engines and water-tube boil- 
ers, with reserve capacity. 

In these curves the annual cost includes 
interest at 5 per cent., depreciation and 
repairs on the plant, labor and fuel; coal 
is put at $4 a ton. For some localities this 
price of coal will be somewhat high and 
to off-set this difficulty curves 4 A’ and 
B B' were plotted. shews 
the effect on the cost of 24-hour power of 
a variation in the price of coal of 50 
cents per ton, and the curve BB’ shows 
the effect on the cost of 10-hour power of 
a variation 50 cents per ton. For 
example, in Fig. 4 for a 700 horse-power 
plant the annual cost of 24-hour power 
per brake horse-power is about $41.75, 
with coal at $4 per ton. With coal at 
$3.50, or 50 cents less, the annual cost of 


The curve 4 A’ 


of 


power would be reduced to $3.05 per brake 
horse-power. 

Fig. 5 shows the capital cost of pro- 
ducer-gas plants and annual costs of pow- 
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horse-power with simple non-condensing 
Corliss engines and return-tubular boilers. 
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horse-power in plants up to 50 horse- 
power, the engine being of the simple 





Fig. 3 gives similar information for 
plants of from 100 to 1000 horse-power 





er per brake horse-power, for plants from 
10 to 100 horse-power. Fig. 6 shows sim- 
ilar information for plants of from 100 
to 1000 horse-power. As _ before, the 
curve A A’ shows the effect on the cost 
of 24-hour power of a difference in the 
price of coal of 50 cents per ton, and the 
curve BB’ shows the effect 10-hour 
power costs with the same difference in 
price. Annual costs include interest at 
5 per cent., depreciation and repairs on 
plant, oil, waste, labor and fuel. Bitumi- 
nous coal is put at $4 a ton and anthra- 
cite at $5 a ton. 

The remarkably small annual cost of 
power from a producer-gas plant of small 
capacity, as compared with a steam plant 
of similar capacity, is clearly shown by 
the curves. This is no doubt due to the 
fact that the smallest gas engine has a 
thermal efficiency of from 20 to 25 per 
cent., while the largest steam engine with 


on 
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all recent improvements does remarkably 
well to turn into work 12 per cent. of the 
heat in the coal supplied to the furnace 
under ordinary conditions. A comparison 
of the thermal efficiency of an ordinary 
gas engine with that of the most econom- 
ical modern steam engine will show 100 
per cent. in favor of the internal-combus- 
tion engine. Stand-by losses are also 
much less in the internal-combustion en- 
gine, if run intermittently, or if part of 
equipment is held as a reserve. The gas- 
holder with the producer takes care of 
the peaks of the load even when the pro- 
ducer is run at a uniform rate. When the 
holder is of sufficient capacity the gas 
producer may be run at a uniform rate 
throughout the twenty-four hours, though 
the load may vary through wide limits. 

There are two factors which enter 
largely into the annual cost of power in 
power plants, the suitability of the orig- 
inal design and proportions of the plant 
for the work which has to be done, and 
the careful, economical operation of the 
plant after it is installed. The question 
of design of a power plant is complicated 
by the fact that provisions have to be 
made for the future, and conditions de- 
cided beforehand. In most cases it is 
impossible to foretell exactly how the load 
will increase or vary, and in what propor- 
tions the power will be distributed. 





A Plant Full of Trouble 


By J. E. Bates 


Engineers run across some queer lay- 
outs at times and Power readers may be 
interested in a brief description of a gaso- 
lene-engine plant which was installed last 
summer on the desert, about 150 miles 
west of Spokane, Wash. This plant was 
used for the purpose of furnishing air 
and light for a contracting firm which was 
driving a 3000-foot tunnel for a new rail- 
road. The engine was a 12-horse-power 
special-clectric, vertical machine working 
on the four-stroke cycle. It was built by 
a well-known maker, was equipped with a 
throttling governor and the crank was lu- 
bricated by splash in an inclosed case. This 
engine was supposed to run day and night. 

At the time the writer took hold, the 
owner of the plant was thoroughly dis- 
gusted with gasolene engines; the sales- 
man had told him the usual “fairy tale” 
about no skilled engineer being required— 
any unskilled helper he had around, not 
otherwise employed, could attend to the 
engine. As a consequence, the “engi- 
neers” previous to my time had been of 
the strong-back and weak-head class, and 
had let the engine get into pretty bad 
shape. The crank-pin and brasses were 
badly cut—so badly that a new shaft and 
new brasses were about the only feasible 
remedies. As the shaft and crank were of 
a solid forging, in one piece, this meant 
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quite an expense, and as the engine had 
nearly a full load and it was expected to 
add more later, the owner decided to 
trade it in and get a larger engine, which 
was done. 

The old engine had been running with 
the spark retarded so that the mixture 
would not fire until the crank had passed 
the center, which caused the engine to lag 
on full load and to run warmer than neces- 
sary. Advancing the spark to fire about 
12 to 15 degrees ahead of center made a 
great difference; the governor then 
handled the engine, with power to spare. 
The piston failed to get oil sometimes, as 
the cylinder and piston were somewhat 
fluted, and when we took the engine apart 
we found all the piston rings “frozen” 
solid. 

The generator was a good, standard 
four-pole compound-wound machine of 
volts em.f. The switchboard was 
equipped with a main switch and two 
feeder switches, with fuse connections, a 
voltmeter, an ammeter, a ground detector 
and a pilot lamp. The voltmeter was con- 
nected across the main leads. One of the 
leads had been cut and fastened to one 
side of one of the feeder switches and a 
piece of wire solder stuck in for a fuse; 
the rest of the apparatus was dead. 

About the first job on this part of the 
plant was to connect up the switchboard 
properly. There were no twisted joints 
in the live wires; hooks were made in the 
ends of the wires and they were hooked 
together—the hooks not even being 
pinched up so as to make reliable contact; 
then a wad of adhesive tape had been put 
The wires were laid together and 
strung into the tunnel on sticks driven 
into holes and cracks in the rock. Lamps 
were connected up in various slovenly 
ways: some with lamp cord, some with 
annunciator wire and others with No. 14 
weather-proof wire. All sockets were of 
brass, even those outside exposed to the 
weather; no socket bushings were used. 

Rosettes were used in some places and 
wires were tapped on directly in others. 
The rosettes were of porcelain, with fuses, 
and many of them were connected up 
“backward,” that is, the main-lead taps 
connected into the cap where the cord 
should be and the cord connected to the 
side terminals. Those that were fused at 
all had to-ampere fuses, or pieces of lamp- 
cord or copper wire in them. There were 
no knots in the rosettes and sockets, to 
take up mechanical strain. 

The whole job was innocent of tubing, 
either rigid or flexible, and wherever leads 
ran into a building holes had been bored 
and wires run through, sometimes - both 
wires in the same hole, and annunciator 
wire at that. No weather loops were used. 
There were some knobs on the job, how- 
ever, but the tie-wires consisted of string 
or tape in most instances. 

As the plant had to be kept running, 
there was not much chance to make 
changes; in fact the owner advised against 
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it, saying: “Wiring never gave any trouble 
at all.” However, we managed to fit all 
sockets with hard-rubber bushings, con- 
nected the rosettes up properly, fused them 
with 3-ampere fuse-wire and changed all 
outside sockets to weatherproof. I ex- 
pected trouble on the first appearance of 
wet weather, but strange to say everything 
held. The tunnel was dry, otherwise th: 
brass sockets and rosettes would have 
given a great deal of trouble. 





Defective Castings and Other 
Troubles at Sea 


By James McDona.p 


It was about 2 bells in the first dog 
watch and all was well aboard the “S. § 
Sudnjerk;” Mr. McMondyhammer, th: 
chief engineer, sat in his office and I wa: 
giving him a hand at looking through 
some old, abstract log-sheets, comparing 
the present revolutions, fan pressure, coal 
consumption, steam and knots, etc., with 
the corresponding months for a year or 
so back. Down below in the engine room, 
amidst the dull roar of the machinery, 
could be heard the blowing through of 
the ballast donkey cylinder drains pre- 
paratory to pumping up the domestic tank, 
on the boat deck, with drinking water. 
O-be-joyful Thomson, the junior fourth, 
on watch, did this at the same hour every 
night and morning and of course it called 
for no comment at the time, but when 
after a few minutes the blowing was re 
peated the chief remarked: “She seems 
to require plenty of draining tonight.” 
Very soon “Chips” came along with the 
information that there was no drinking 
water for the passengers, and then the 
chief blew a mighty blast through the 
speaking tube, startling “Wee Macgregor,” 
the junior of the watch, who happened 
to be passing at the time and who sent 
word back: “She has been running wet, 
but is now under way.” 

Immediately afterward the blowing 
could be heard again, so the chief sent 
me down below, saying: “See what that 
long fathom of misery is. doing with the 
pump.” I met the second engineer below, 
as he was coming from the fire rooms 
and we went to look at the pump, which 
certainly was running wet, with glands 
leaking and loud pounding in the cylin 
der. We thought the water must be high 
in some of the boilers, but the highest was 
No. 8 boiler, and that only half a glass 
and anyhow the auxiliary steam was being 
drawn from Nos. 3 and 4 in the forward 
battery. Thomson here remarked that the 
water from the glands was both cold and 
fresh, so we decided to pull the pump 
adrift. The evaporator pump was con 
nected up to do the work, the ballast 
donkey shut down, the cylinder cover re- 
moved, the piston drawn out and in the 
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bottom of the cylinder wall we could see 
. small jagged hole which proved to be 
a blow-hole in the casting. We took a 
wire and began to stow it away into a 
seemingly bottomless pit, and when asked 
how far down it had gone, “Wee M” 
said he calculated it should be sticking 
about 10 feet below the ship’s bottom. 





FIG. I. 


THE CALL OF THE (WILD) CHIEF 


At last, however, it came to rest and on 
removing a discharge cover we saw the 
wire resting on one of the valves, which 
explained the mystery of the water in the 
cylinder. As will be seen in Fig. 3, at A, 
the column supporting the cylinder was 
cast hollow and formed an air vessel 
which, of course, filled with water as the 
air escaped into the cylinder. We got a 
piece of wood, fitted the exact size of the 
inside of the column, drove it up and 
calked it, and it answered the purpose 
very well till we got to port. 

No. 3 dynamo was another similar case. 
The electritian said he would switch over 
to No. 1; he thought the piston of No. 3 
must be slack, as there was a curious 
pounding and everything else about the 
machine was in order. We stopped her, 
but the nut had not slackened back, so we 
drew the piston and piston valve and 
could see a small hole, C, Fig. 4, leading 
from the steam passage right through the 
cylinder wall, which allowed full-pressure 
steam to blow into the cylinder all the 
time. We drilled a hole through, tapped 
it and fitted a gas-thread plug, but as the 
hole extended inside the cylinder wall we 
had to drill another hole partly into the 
other plug and then we finally got it 
plugged up, which cured the knock. 

On another ship a blow-hole gave us 
some trouble with the high-pressure stuf- 
fng-box. This one was packed with 
“Lion” packing, until they put in U. S. 
metallic. One day at sea it began to 
blow, so they screwed it up, and day after 
day they kept on screwing it up till the 
gland was right up to the limit. In port 
the packing was found to be all gone, but 
the neck bush seemed to be all right, so 
they packed her again with an entire new 
set, and on the outward passage the same 
thing occurred. Again an examination 
was held and everything seemed to be 
good, so once more the packing was re- 
newed and on the home run the same 
thing was gone over again. This began 
to tell on the nerves and temper of the 
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chief, so in port the stuffing-box was care- 
fully cleaned and a wire pushed about 
here and there, and in the side farthest 
away a hole was discovered, as at B, Fig. 
4. Then it was found that the casting 
must have been known to be bad when 
the engines were being built and a brass 
bush was inserted to cover the hole. In 
time this had given out and let the pack- 
ing blow through into the annular space 
around the stuffing-box. A new bush 
was accordingly inserted and the trouble 
came to an end. The next trouble was 
with the sanitary pump, a_horizontal- 
duplex, which seemed to have a hard 
struggle for all it had to do, the out- 
board rod especially having a frivolous 
kick about it that had a bad effect on 
the inboard one, so that the latter never 
seemed to get a chance to make a good, 
full stroke. It was stopped and the valve- 
chamber covers and cylinder covers were 
taken off and valves and the buckets ex- 
amined, but all were ,found to be in good 
condition, when it was noticed that there 
was no hole cast in the suction side for 
the outboard bucket, and that was how 
she got no water. Tools soon remedied 
the defect, but I was inclined to wish that 
unnecessary blow-holes elsewhere had 
been concentrated on that sanitary pump; 
it would have saved much _ profane 
eloquence. 

The perversity of inanimate objects is 
proverbial. This is brought very forcibly 
to one’s mind in connection with fire-bars 
at sea. If a bar or two is required for 





FIG. 2. THE JUNIOR HEARS “HIS 
MASTER’S VOICE” 


funerals or anything like that, there are 
sure to be no old bars lying around and 
it is like drawing the teeth from the 
Third, who had charge of the stokehold, 
to take new ones out of the racks; but 
immediately the necessity for “sinkers” is 
removed they will start to drop in the 
ash-pits wholesale, and you begin to feel 
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a desire for another funeral, or something, 
to happen where they can be utilized. A 
case in point occurred aboard the “S. S. 
Prickliheet,” where we had a Belgian oiler 
who was an expert at swabbing the low- 
pressure tail-rod, where his gymnastic 
training came into play, for he was sup- 
posed to be able to handle the foils, and 











FIG. 3. THE BALLAST DONKEY PUMP 
he used to cavort around the low-pres- 
sure cylinder cover, which was about 
seven feet in diameter, pinking his 
antagonist, the rod, on every side (see 
Fig. 5), until one day he side-stepped too 
much and descended to the platform 
below, without using the engine-room 
ladders. 

When boxing him up for burial we 
used two new fire-bars, and also an old 
door liner which happened to have been 
left aboard by the boiler makers, and 
which came in handy. Next day the 
bo’s’n and some sailors came below with 
a request for three fire-bars, as a steerage 
passenger had departed this life and 
“Chips” was wanting to box him up. This 
was on the Third’s watch and he began to 
rave about using three bars, when one of 
our own department only got two, but 
reminding him of the door liner made him 
relinquish one more bar. Now we had 
been at sea five days and not a bar had 
come down, but immediately after the 
deceased was over the side down came 
four bars in one of the fires cleaned by 
my watch, owing to the trimmer neglect 
ing to rake the ashes out after the fire 
had been cleaned. These bars are about 
five feet long and four or five inches deep 
in the middle and take some trouble to 
replace, especially when you are hustling 
for steam and don’t wish to pull out all 
the fire. Other bars came down, too, 
which was doubly exasperating, seeing 
that we had thrown away five new ones 
already; but one night I was on the mid 
dle watch, i.e., midnight to 4 a.m., and 
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had turned in at 8 p.m., when about Io 
o’clock I was roused by hearing yells 
from the engine-room tops, and on run- 
ning out I saw that the sounds were com- 
ing from a pair of huge sea boots in which 
Was encased a sailor (at least, he had 
signed articles as one), and it seems he 
had been prancing around the engine- 





FIG. 4 


room skylight turning the ventilators to 
wind and had stepped off the skylight onto 
the high-pressure cylinder cover, 25 feet 
below. I sung out for a quartermaster, 
who happened to be passing the engineers’ 
companion ladder at the time, and with 
three more of his craft and a blanket 
they began to remove the unhappy crea- 
ture. Unfortunately they took him up the 
three steps over the high-pressure cylin- 
der feet first, and as he felt himself be- 
ginning to take another flight through 
space he grabbed hold of a live-steam pipe, 
He suddenly changed his mind about the 
suitability of this support and eventually 
they got him away while I was telling the 
Third of the occurrence. Three days 
later, as there was nothing doing, we went 
to look at the patient, who was in the 
forecastle hospital. He was smoking and 
yarning with another occupant, who had 
tried to stop the flight of a lump of coal 
with his head. Except for a few bandages 
he was just as good as ever. The Third 
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Pr PEPPER RENEE : 
FIG. 5. THE FENCING MASTER SWABBING 
THE TAIL-ROD 


and I went thoughtfully back, and on 
watch, with patient resignation, we stowed 
away any old fire-bars that happened to 
be lying around. 





A Philadelphia man has obtained a pat- 
ent on an alloy of 85 per cent. lead, Io 
per cent. arsenic and I to 5 per cent. cop- 
per, which is reported to give good results 
as an antifriction bearing metal. For bear- 
ings for certain uses the proportion of 
arsenic may be very much greater and 
may in some cases advantageously be in- 
creased to 50 or even 70 per cent.—/ron 
Trade Review. 
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Breakdown of an Old Engine 





By W. H. WAKEMAN 





Only a short distance from my engine 
room there is an old-fashioned Greene 
engine with a 12x36-inch cylinder that 
bears) a name-plate dated 1855, and the 
whole machine appears to justify the date. 
Among other evidences of respectable old 
age is a cast-iron crank-shaft. This engine 
was thoroughly rebuilt and installed in its 
present location five years ago, and when 
first started in this place its speed was 
65 revolutions per minute. Later it was 
increased to 76 and a few montlis ago it 
was raised to 86 in order to carry an in- 
creased load. 

One day, a few weeks ago, it was run- 
ning under normal conditions when the 
employees were startled by two loud 
crashes, after which the room was quickly 
filled with steam and dust. The engineer 
hastily closed the throttle valve and pre- 
vented further trouble. When the atmos- 
phere cleared, the engine appeared as 
shown in the sketch herewith and careful 
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which was promptly done, breaking the 
head into many pieces, tearing apart six 
of the studs and pulling one out of the 
cast-iron cylinder, as the heads were each 
held in place by seven studs. As the head 
and the studs were all destroyed by the 
contact it shows that their strength was 
equal. The stuffing-box was not harmed. 

The piston was uninjured, and coming 
out of the cylinder it demolished the 
wooden foundations that supported a 
pump, then rested as shown. Examina- 
tion of the fracture showed that the crank 
had been cracked for a long time, because 
part of the broken surface was worn 
smooth by the rubbing action. 

Although more than fifty years have 
elapsed since this engine was built, pat- 
terns for the cylinder-heads, crosshead 
and crank were available, and while the 
builder’s shops are located in another city, 
the repairs were completed and the engine 
started in ten days. 


The Value of the Steam Jacket 








The research committee of the Institu- 
tion of Mechanical Engineers of Great 
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study of the parts as found leads to the 
following conclusions : 

When steam was admitted to the head 
end; or very soon afterward, the crank 
broke, and as this freed the working 
parts from the heavy load carried, the pis- 
ton, piston-rod, crosshead and connecting- 
rod were thrown violently outward until 
the piston struck the cylinder-head. The 
head was badly cracked; none of it being 
thrown out of place, as the studs were not 
broken, but enough so that steam escaped 
through the cracks. When the piston 
struck this head it stopped, but the cross- 
head and connecting-rod continued their 
flight for a short distance. This was made 
possible by the failure of the key which 
held the rod in the crosshead, and which 
was partially sheared by the shock. At 
the same instant the crosshead was split 
into two pieces, but this absorbed nearly 
all of the momentum of these parts; 
otherwise they might have gone farther 
and caused more damage. 

The valve-gear was not injured, hence 
it admitted steam to the crank end; and 
as there was nothing attached to the con- 
necting-rod it was free to act as a bat- 
tering ram on the other cylinder-head, 















Britain, on the value of the steam jacket, 
has met twice during the year and designs 
are being prepared by Prof. T. Hudson 
Beare for carrying out jacket experiments 
with a larger apparatus than that 
formerly used by the committee. The 
information on the present state of 
knowledge on the following subjects is 
also being collected previous to the ap 
pointment of research committees for 
prosecuting additional inquiries: “The 
features of refrigerating machinery in 
which further investigation is needed; 
“the transfer of heat across metallic sur- 
faces in contact with water and with 
gases,” and “the action of steam passing 
through nozzles and steam turbines.” 





The nut of a stay-bolt on a boiler can 
be protected from the intense heat 
filling the bottom half of a tomato can 
with stiff asbestos putty and pushing 1t 
over the nut. The can may burn off, but 
the asbestos will remain on the nut. 





Glass grit for grinding valve seats can 
be made without danger to the eyes ): 
hammering glass in an envelope of old 
roofing tin. 
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Elevator 


Why the Morse and Williams Pulling Machine Has No Pilot 


Valve; Construction of the Carrier Rollers and Piston; Lubrication 





BY WILLIAM 


THE CARRIER ROLLERS FOR THE ROPE 
SHEAVES 
Another part of the mechanism of the 
Morse and Williams pulling machine that 
was not shown as clearly as might be de- 
sired in Figs. 152 to 154 is the set of 
‘arrier rollers provided to hold up the 





circle the position when the car is at the 
top floor. The finger e is fastened to the 
traveling-sheave crosshead frame, and 
when the car is at the lower floor it en- 
gages with the latch /, on the end of the 
lever k. When the car runs upward, the 
traveling sheaves move to the left and 
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ropes between the stationary and the trav- 
eling sheaves. These rollers are mounted 
in a carriage c, Fig. 197, that slides along 
on short guides, /. The construction is 
such that when the car runs down to the 
lower floor the crosshead catches the rol- 
ler carriage and on the next upward trip 
carries it along with it until the piston 
has traveled about one-half its stroke. At 
this point the carriage is released, and 
the rollers remain in that position, so that 
when the piston has moved the full stroke 
the rollers are about midway between the 
two sets of sheaves. This construction is 
only used with very long-stroke machines, 
but as these are common in high buildings, 
it is necessary to understand the construc- 
tion and operation of the mechanism. 
Che upper sketch, Fig. 197, shows the 
osition of the stationary sheaves E, and 
traveling sheaves D, when the car 
at the lower floor; and the lower draw- 
shows the position of the traveling 
aves when the carriage supporting the 
ide rollers is about to be released, and 
ir position when the car is at the top 
the building. The solid-line circle D 
ws the first-mentioned position of the 
eling sheaves, and the _ broken-line 
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the finger e pulls the carriage c along 
with it by means of the latch. At the 
left-hand end of the guides V are located 
two trip-blocks m having inclined surfaces 
in the path of projections extending from 
the side of the latch /, and when the trav- 
eling sheave has reached the position 
shown in the lower view, these projec- 
tions begin to slide upward on the inclined 
ribs of the block m and thus lift the latch 
1 out of engagement with the finger ec. 
As soon as the latch is free from the 
finger, the movement of carriage c stops 
in a position just a trifle in advance of 
that shown in the lower view, and the 
traveling sheave continues moving to the 
end of the stroke. 

It must be understood that Fig. 197 
does not show the actual construction of 
these parts in the Morse and Williams ma- 
chine; these are made as shown in Fig. 
152, but Fig. 197 illustrates the mechanical 
effects obtained. The reason for modify- 
ing the construction is that the parts as 
actually made, when presented on paper, do 
not reveal the operation as clearly as those 
shown in the simple diagrammatic repre- 
sentation of Fig. 197. From an inspection 
of this diagram it can be seen that to 
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keep the apparatus in proper running or- 
der it is necessary not to permit the latch 
mechanism to get out of adjustment so 
as to not release the carriage at the 
proper time; if this should occur, the 
rollers and their carriage would be carried 
along with the traveling sheave and do 




























































FIG. 198 


considerable damage. If all the parts are 
well lubricated with an oil that does not 
gum, and all joints are prevented from 
working loose, there will be no trouble 
The axle that carries the rope-support- 
ing rollers is made of extra strong pip- 
ing, and is provided with an oil cup at 
one end through which it can ke filled so 
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as to lubricate the rollers; care should be 
taken to keep these well oiled so that 
they may not stick and let the ropes be 
dragged over their stationary edges. The 
guides should also be looked at fre- 
quently and be kept free from dust or 
grit of any kind, and well enough lubri 
cated to prevent undue friction. The fin- 
ger ¢ is located midway between the two 
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FIG. 199 


guides, so that if the friction of one of 
the shoes of the carriage c is greater than 
that of the other, the carriage is liable to 
be twisted out of line, and possibly enough 
so to make it catch on the guides. 

The carriage c, with the rope-support 
ing rollers is moved back from the posi- 
tion shown in the lower drawing to that 
shown in the upper one at each downward 
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trip of the car, because the finger ¢, when 
it reaches the latch / strikes the projection 
k back of the hook end, and thus pushes 
the carriage back. 


THE Piston or THE Morse AND WILLIAMS 
MACHINE 


The piston of the Morse and Williams 
pulling machine is packed in practically 
the same way as that of the Whittier 
machine, so that what was said on this 
subject in connection with the latter ma- 
chine applies to the former. The construc- 
tion of the piston is fully shown in Fig. 
198, in which a section of the body of the 
piston parallel with the axis is shown at 
A, and an end view at B. In the latter 
the positions of the bolts for pressing 
down the stuffing-box gland are shown. 
A section of the gland is shown at C; D 
and F are an end view and a section of 
a cap that is placed over the piston-rod 
end in the body of the piston. This cap 
is bolted against the seat surrounding the 
opening H, and is held central by fitting 
into this opening. This cap is for the 
purpose of preventing leakage of any wa 
ter that may escape through the hole into 
which the piston-rod fits. The rod is made 
with an enlarged head that fits against 
the beveled seat at the end of the hole in 
F, The packing is done by running the car 
to the top of the building so as to bring 
the piston out to the back end of the cyl- 
inder, the car is securely fastened to the 
overhead beams, and the water is drawn 
from the cylinder and pipes in the man 
ner previously explained, and then the 
packing is done. 

As it is so easy to get at the tightening 
bolts with this type of machine it is ad- 
visable to not screw up the gland ring 
any more than is necessary to keep the 
water from leaking, then make a trip, 
and if the piston leaks tighten up a trifle 
more. It will not be much trouble if you 
have to stop the car several times before 
you get the packing tight enough, and’ if 
this course is pursued the machine will 
run much better, and if the pressure used 
is barely sufficient to give the required 
speed with a full load, the operation of 
the elevator will be far more satisfactory 


LUBRICATION 

The cylinder of a pulling machine can 
be easily lubricated through the rear end. 
and it can also be cleaned out if at any 
time it should look as if there was grit 
in it that might cut away the surface of 
the cylinder. Elevators of all kinds are 
generally made with ample provision for 
oiling the cylinder, the valves and other 
parts inside of the valve chamber, but at 
the present time the most generally ap 
proved method is by using lubricating 
compounds that have come into use that 
are dissolved in the water. These com 


pounds are dropped into the open tank 
and become mixed with the water, and as 
the latter circulates through the system 
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they are deposited on all the surfaces, 
and thus lubricate all the valves, pistons, 
rods, etc., not only of the elevator ma- 


chine, but also of the pumps. These com 
pounds cannot be used except in plants 
where the same water is used over and 
over, but, there are practically no eleva 
tors at the present time in which this is 
not done, at least not where there are two 
or more elevators in use. 

The slides on which the crosshead shoes 
run should not only be kept well oiled, 
but in addition should be examined fre 
quently and cleaned off so as to remove 
any grit that may settle on them. The 
sheaves are as a rule lubricated with 
grease fed from cups provided with screw 
caps. Most sheaves have a number of 
cups so that one of them may easily be 
reached in whatever position the sheaves 
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may be. Every morning the cap should 


be given about a half turn and this will 
force out enough grease to last all day 
All the sheaves should be attended to, and 
as there is danger of having the arm 
caught while reaching in to the center 
sheaves, if the car should be started, the 
car should be run down to the lower floor 
and the hand valve in the supply pipe 
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closed before doing this work. If the 
valve is located where it cannot be seen 
by the man working at the sheaves, it is 
advisable to provide means to lock it in 
the closed position so that meddlesome 
persons may not be able to open it and 
start the machine without his knowledge 
All this may appear to be unnecessarily 
cautious, but it only takes a little time 
to do these things, and it is better to spend 
this time every day of one’s life than 
to have an arm mangled just once. 


THE VALVE PISTONS 

The valve pistons of the Morse and 
Williams pulling machine are constructed 
substantially the same as those used in 
the other machines which have been fully 
explained in previous articles. The only 
one that requires notice here is the stop- 
valve used in the type of machine shown 
in Fig. 152. The construction of the sev 
eral parts of this valve is clearly shown 
in Fig. 199. A sectional view of the body 
of the valve is shown at A; the clamping 
head for the forward end is shown in 
section at B; the back head also in section 
is shown at C, and the leather cup pack- 
ings are shown at D, D. At E is given 
an end view that serves for the body and 
the two heads,*these being made of the 
same section. The cup packings can also 
be made of this form if desired, with 
the openings F just as large as those 
through the metal parts, but it is better 
simply to punch four holes, say one-half 
inch in diameter, as’ by doing so more 
leather is left to hold the cup in shape, 
and the opening through these holes is all 
that is required. The object of these 
openings is to permit the water to circu- 
late freely through the valve so as to pre 
vent end pressure, and this freedom of 
circulation can be fully obtained through 
four holes of the size named. 


Wuy THERE IS NO Pitot VALVE 


It will be noticed that in the Morse and 
Williams pulling machines that have been 
shown there is no pilot valve. The reason 
why this valve is not used is that a spe- 
cially constructed wheel-operating device 
is provided in the elevator car by means 
of which it is possible for the operator 
to move the main valve with little effort; 
therefore, no pilot valve is required. The 
only reason why a pilot valve is used with 
any type of hydraulic elevator is that on 
account of its small size it can be moved 
with so much less effort than the main 
valve that there is no difficulty in moving 
it by means of a lever in the car the 
end of which need travel through a dis 
tance of only about one foot. If it re 
quired no more effort to move the main 
valve than the pilot, the latter would not 
be used. In the Morse and Williams ar 
rangement a hand-wheel about fifteen 
inches in diameter is placed in the cai 
and this is so geared with the main valve 
that it has to be rotated through nearly 
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one revolution to open the valve fully; 
therefore the effort required to turn the 
wheel is greatly reduced, the distance 
through which the hand is moved being 
correspondingly increased. ‘The operation 
of this device may be understood by ref- 
erence to Fig. 200, which is a diagram. 
matic representation of the system. The 
two stand ropes A, B are fastened at the 
top of the elevator well and pass around 
the sheaves C, D, under the car, and 
thence down to the ends of the lever P 
which is fixed on a rock-shaft connected 
with the main valve. The hand-wheel 
carries on an extension of its shaft a 
small sprocket wheel K, and by rotating 
the hand-wheel the ropes R and R’ are 








FIG, 201 


drawn in or paid out, and thus the posi- 
tions of C and D are varied. If the wheel 
is turned clockwise, the movement of the 
ropes I, R’ will be as indicated by the 


arrows mw and s, and the sheave D will 
be drawn to the left and the sheave C 
to the right, the rope A being pulled 


down as indicated by arrows ¢, t; by the 
drawing up of the rope B, as indicated 
by arrows 1, 1’. This will cause lever P 
ty turn its shaft counter-clockwise, and by 
the connection the valve the 
latter is moved. This arrangement can- 
not be used with a lever in the car be- 
cause it would require too great an effort 
to move the lever. The hand-wheel moves 
with a small effort because of the great 
leverage over the valve mechanism; the 
hand of the operator travels through many 
times the distance traversed by the le- 
ver P. 


with main 
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In the the sheaves and 
guide wheels are drawn so as to show 
their sides, for the purpose of making the 
operation perfectly clear, but their true 
position can be better judged from Fig. 
201 in which the sheaves C, D, J and J 
are clearly shown. The guide sheaves 
E, F, G,; H, are not shown in Fig. 201, 
but they are also mounted upon the car. 
In fact all the parts indicated in Fig. 200 
are mounted upon the car and move with 
A, B and the 


diagram all 


it except the standing ropes 
lever P. 


Low Water as a Cause of 
Boiler Explosions 


By E. H. Lang 


We are frequently told that a boiler has 
exploded from low water, because imme- 
diately after the explosion no water was 
to be seen around the ruins. Other per- 
sons (some of them authorities, at that) 
readily explain that condition by saying 
that as soon as the pressure is removed 
from the hot water it flashes into steam, 
due to the heat contained in the water, 
caused by high-pressure temperature. 

Suppose we did have a boiler contain- 
ing 1000 gallons of water at 105 pounds 
pressure, absolute. This would be approxi 
mately 8.3 X 1000 = 8300 pounds of water. 
According to the steam tables, each pound 
of water at this pressure and temperature 
(331 degrees Fahrenheit) contains 30,113 
B.t.u. The 8300 pounds of water would 
therefore represent 2,498,300 B.t.u. 

We are also told by the steam tables 
that it requires 966 B.t.u. to evaporate one 
pound of water from and at 212 de- 
grees Fahrenheit, atmospheric pressure of 
course. We must now deduct the B.t.u. 
in the water from 32 to 212 degrees, for 
this will play no part in the evaporation 
at atmospheric pressure. This would be 
180 B.t.u. for each pound of water, or 
for the 8300 pounds it would be 1,474,000 
B.t.u. 

Subtract this from the total heat in the 
water and we have 1,024,300’ B.t.u., which 
are available for evaporative purposes at 
212 degrees Fahrenheit atmospheric pres 
sure, which would be the condition when 
the boiler exploded. 

Since it requires 966 B.t.u. to evaporate 
one pound of water under such conditions 
we divide 1,024,300 by 966 and get 1060 
pounds evaporated. Subtract this from 
8300 and we have -7240 pounds of water 
unaccounted for. What becomes of it? 
This is like the water that cannot exist 
in superheated steam, or the ice which 
melts instantly when exposed to the sun. 





To find the place where the water gets 
into a seamless float first clean it, then 
find the tiny corroded speck with a needle 
point or penknife 
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Practical Letters from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





-WE 


Cost of a First-class License in 
Massachusetts 





This headline may be understood by 
some to imply that licenses are a com- 
modity in Massachusetts, and as_ such 
have a stipulated market value; but such 
is not the case. I do not refer to the 
first-class licenses held by men who have 
received them by reason of their holding 
positions in so-called “first-class plants” 
when the license law went into effect; or 
to engineers who come from _ other 
States; or to pupils of the so-called “en- 
gineering schools;” but I refer to the li- 
cense held by the man who has risen step 
by step, from a fireman’s helper to a 


first-class license holder, by individual 
effort. 

Every examination taken entails a 
certain fixed expense; and there are 


other expenses which vary with location 
and working conditions with which each 
applicant is environed. These expenses 
I will try to average as nearly as pos- 
sible, although I would be justified in se- 
lecting the highest that might be incurred. 

First comes the assessment of one dol- 
lar for each examination taken, win or 
lose. Then, as the examiner specifies the 
time and place of examination, there 
must be a loss of wages and expenditure 
for carfare and one or more meals. 
There are also incidental expenses which 
some may not deem it fair to credit to 
the license cost, but a little thought will 
show that they are as essential as the 
dollar assessment—if the license is to be 
obtained. 

Then there are books to be purchased. 
These include books treating on the en- 
tire subject of engineering; books on 
special subjects such as boilers, engines, 
condensers, steam, indicators and “in fact, 
everything. As the examiners do not con- 
fine the examination to any one subject, 
the applicant must be prepared to cor- 
rectly answer all sorts of questions, if he 
expects to pass; and where can he glean 
the material if not from books? 

The best weekly and monthly 
neering publications must be subscribed 
for, if he is to keep up with the times; 
catalogs must be solicited, and he must 
join one or more engineer organizations, 
in order to find fellow workers with 


engi- 


whom to discuss problems along this line. 
As many owners of steam plants will 
engineers 


not purchase indicators, the 
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must do so if they are to acquire the ex- 
perience by the examiners. 
Owners oftentimes require their engineers 
to possess elaborate tool equipments, 
purchased by the employees of course. 
So that is another expense. 


required 


Following are the average costs of dif- 
ferent licenses, based on figures obtained 








FOR USEFUL 


IDEAS 


croached upon. Not the State in- 
spectors—they were created by the law. 
It was the engineer, but those who were 
instrumental in securing the passage of 
the law took good care that the expenses 
cited should not be borne by them, as a 
study of the original law will prove. 
Boston. 




















by men who have “been through the Lowell, Mass. 
ordeal :” 
Fireman’s License— P : 
Two examinations. ............6. $2 Quick Repair of a Broken 
Traveling expemses.............. 4 
Loss of wages, @ $2............ 4 Reach-rod 
PIE Saletan fae pssetaas et enue d tana amuenese $10 
Engineer’s License, Third Class rn . | . 
Two examinations............... $2 oe WEREE WSS GREE Mh Charge oF 8 
Traveling expemses.............. 4 steam plant in connection with a large 
Loss of wages, @ $2.25.......... 6.75 : ‘ p 
——_ foundry and machine shop. The machine 
Total ...ssesseeeseereseeeces $12.75 shop ran night and day for a few months, 
Engineer’s License, Second Class— oe i sl d d the old Cor 
Three examinations............. $3 a “ . a a 2 oes - 
Traveling @XPEMSCS. «6... sees 6 liss engine was run from Monday morn 
soss of wages, @ $2.50.......... We . . ‘ : 
atid , _— ing until Saturday night without a stop 
si corsage oo eeeee abhi Slniae $16.50 She did not get even the noon-hour rest, 
ingineer’s License, First Class— vs bas : - 
—_ es $6 owing to the fact that at that time the 
Traveling expenses.............. 2 cupola was making iron for the molds 
Los oS ae 8 . : 
om of wages, @ and the engine had to be run to drive the 
Total ....... eee eee cere eens $36 blowers for the blast. One day every- 
Books and magazines.............. ( : rg : 
MME oo eer nw, Sid Sia assla reins 50 thing stopped short, and in less time than 
BODIE cee eeeccesccccesercceccecces 50 it takes to tell it the engine room was 
Grand total.................. $250.25 full of managers, superintendents, ma- 
This makes a grand total of $250, and chine-shop and foundry foremen, the 
Where Break Occurred P 
se aes —— 
ad 2’ W.L. Pipe Sleeve 
C | aman 





REPAIR OF 


for what? <A permit (in this free 
country) to work for wages (hours of 
labor considered) slightly lower than 


those received by a common laborer. 
Now, the question arises: Who caused 
this tax to be levied on a trade that re- 
ceives such miserable compensation? It 
was not the public; they know very little 
about the law and care less. Was it the 
owner? No, he merely looked on, ready 
to interfere if his interests 


were €¢fi- 








REACH-ROD 


cupola man, clerks and timekeepers, all 
asking what was the matter. A few min- 
utes later the cupola man announced that 
the iron in the cupola was getting thick 
The superintendent flew up into the air 
and gave utterance to some real pr 
fanity. 

[ found that the break was in the thread 
at the rocker-arm end of the reach- 
hook-rod. This was repaired temporarily, 
as per the accompanying sketch. The r 
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was 17% inch diameter at the break. Tak- 
ing a section of 2-inch extra-heavy pipe, I 
cut off a piece 4% inches long, drilled two 
holes in it, 1% inches from each end, and 
tapped them for 54-inch set-screws. Slip- 
ping this sleeve on the rod, pulling the 
broken ends as closely together as pos- 
sible, and firmly tightening up the case- 
hardened set-screws completed the job. 
The “white smoke” was turned on and 
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into a dozen pieces. The producer peo- 
ple were game, however, and promptly re- 
placed the producer with another of im- 
proved design, which they rated at 75 
horse-power, but which was found to be 
just capable of sustaining a load of 50 
horse-power, so that it met the guarantee 
and was paid for. The engine people did 
not do as well. It proved that their en- 
gine was only their standard gasolene ma- 
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LONGITUDINAL SECTION OF “DOCTORED” PISTON 
the engine brought up to speed, with the chine which they had fitted with a cylin- 
result that everything went along O. K. der lug to raise the compression. It had 


the remaining four days of that week. 

The following Sunday the rod was 
taken off, welded by the shop blacksmith 
and put back, the valves were re-set and 
everything put in readiness for Monday 
morning. The rod, which was made of 
iron, had a very bad flaw where the break 
occurred. 

W. L. McCuLtocu. 
Boston, Mass. 





A Discouraging Gas-power 
Experience 


As the builders of gas producers and 
engines have for years been advertising 
that they can give one horse-power-hour 
for one pound of coal burned, that the 
producers cost next to nothing to main- 
tain and that no skilled engineer is re- 
quired to run the engine, it has caused 
wonder to many that so very few pro- 
ducer-gas plants have been installed. 

That the backward condition of the 
producer gas-power business in this coun- 
try today is due to the folly and incom- 
petence of the engine and producer people 
is, I think, well shown by my own experi- 
ence, which has been duplicated by many 
others to whom I can refer; only few 
have persisted as I have, while the others, 
becoming discouraged with the first fail- 
ure of producer gas, have put in steam 
plants. 

About four years ago I became infected 
with the producer-gas microbe and, need- 
ing more power, ordered a suction pro- 
ducer, rated at 50 horse-power, and a hor- 
izontal single-cylinder gas engine made by 
a Western builder. 


(he producer would make some gas, 
} 


but it was a practical failure, and after a 
lew weeks the solid cast-iron top cracked 


a common, automatic inlet valve which had 
worked all right on a gasolene engine, 
but with the suction upon the producer 
it would simply chatter upon its seat and 
refuse to allow enough gas to enter the 
cylinder. 

As the engine would not run on the 
suction producer, in desperation we tried 
to get some power out of it with gasolene. 
The builders fitted it with a carbureter, 
but it was found that the compression was 
so high that gasolene would quickly wreck 
the engine. The builders became discour- 
aged and abandoned the engine on our 
hands, and after a time we managed to 
get it into fairly regular service upon a 
mixture of producer gas and gasolene. 

Owing to the necessity of securing more 
regular power, we then contracted for a 
60 - horse - power vertical three - cylinder 
engine with other builders, who solemnly 
declared that their machine had been de- 
signed throughout for producer gas. 
This machine was set up, but the builders 
likewise could not start it, and after they 
had departed we opened up the cylinders 
and found that they had repeated the trick 
of the first concern. They had sent us 
their regular city-gas engine, and to raise 
the compression they had cast heavy lugs 
on the cylinder-heads. These lugs had 
narrow slots to allow some gas to reach 
the spark plugs, but the latter were so 
effectively pocketed that after the first 
explosion no combustible gas could reach 
them. This engine also had a long pas- 
sage leading into one cylinder from the 
compressed-air starting valve. This pas- 
sage would hold a lingering flame that 
would ignite the incoming charge and 
cause violent back-firing, and we found, 
after we had altered the cylinder-heads 
so that the engine could run on a mix- 
ture of producer and city gas, that we 
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could get more power with the ignition 
cut out from the starting cylinder, so that 
the remaining two cylinders could work 
uninterruptedly and drag along the idle 
piston. 

As this type of engine had been in suc- 
cessful use 16 years on city gas, the build- 
ers would not admit that there was any- 
thing wrong with it, though the 
throttling governor was of the unbalanced 
type which the suction would hold tight 
until the speed fell about 


even 


IO per cent., 


when it would open with a bang—a sort 
of cumulative hit-and-miss effect to which 
the producer builders objected. 
We had to employ a lawyer to compel the 
engine people to remove the engine. 

In this manner my shop had for nearly 


greatly 


a year been a battle ground of producer 
and engine people and the 
foundations loomed up through the floor 
like tombstones in sad memory of the 
engines that had failed. I was unwilling 
to go back to steam, as the producer had 
worked fairly well, so I was finally per- 
suaded to place an order with a firm of 
thirty years’ experience for a_ single- 


abandoned 


cylinder engine which they stated had posi- 
tively been designed for producer gas, and 
which they showed on their testing block 
would give 75 horse-power for an hour or 
so on some mighty rich producer gas ob- 
tained from a new fire. 

This engine was duly installed and we 
ran it for a little over a year with a load 
of about 50 horse-power. I paid the bill 
and gave the builders a nice recommenda- 
tion, and thought producer-gas power was 
to be a success at last. After the year’s 
guarantee had expired, however, we 
needed more power and we increased the 
load to the full 75 horse-power for which 
the engine had been purchased, and then 
our troubles began all over again. The 
engine would not than 50 
horse-power without pre-ig- 
nition and back-firing. The builders sent 
an “expert” who fitted a water-feed pipe 
to admit water to the cylinder. This 
stopped the back-firing and it also stopped 
the lubrication, so that the cylinder threw 
out a large amount of iron dust and it 
became necessary to put in a new set of 


carry more 


dangerous 


piston rings every six weeks. 

We complained to the builders that the 
piston ran at a bright red heat and they 
replied by letter that all gas-engine pis- 
tons got red hot under full load and that 


that was nothing to be alarmed at. They 
added that nobody expected a gas engine 
to carry an average load of more than 


60 per cent. of the rated capacity, and 
they left us to our fate 

We had run the engine for a year and 
had not removed the piston. On taking 
amazed to dis- 
cover that for the third time we had been 
handed a the 
doctored-up gasolene engine. 


out the piston we were 


“lemon” in shape of a 
The build- 
ers had simply raised the compression by 
fitting the rear end of the gasolene-engine 
piston with 


a long hollow lug, as shown 
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in the accompanying drawing. This lug 
having practically no means of getting rid 
of the heat, except by conduction to the 
body of the piston, inevitably became red 
hot and had caused all the trouble. The 
builders were appealed to and they dis- 
posed of the matter very simply by re- 
plying that their one-year guarantee had 
expired and referring to the recommenda- 
tion we had given them. 

At this time my business had increased 
so that I had built a complete new power 
house and, though tempted to go back to 
entirely, I purchased a 100-horse- 
power Korting engine built in this coun- 
try in exact duplication of the very suc- 
cessiul producer-gas engines I had seen 
working abroad. This engine runs as 
quictly as a Corliss and has run for three 
months without the slightest trouble. We 
have 275 horse-power capacity in suction 
producers and are installing a second I00- 
horse-power engine. 

The suction producer is still in a very 
backward state of development; I do not 
know of a suction producer anywhere 
that can be operated continuously at near 
its rated load on American coal. The 
everlasting trouble is with clinkers adher- 
ing to the bricks and making it fre- 
quently necessary to dump the fire and 


steam 


/ Smoke 
, Stack 


\ 
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During the past four years I have saved 
thousands of dollars in coal, but for every 
dollar thus saved I have lost ten dollars 
in shut-downs and the extra and costly 
labor needed to keep going at all. 

S. W. RusHMoreE. 

Plainfield, N. J. 





The Best Way:to Run a Steam 
Main 


Another engineer and myself cannot 
agree as to the best way to run a steam 
main for a new engine soon to be in- 
stalled; therefore, we wish the readers of 
Power to give their opinion. Each boiler 
is 72x18, rated at 150 horse-power, and car- 
ries 125 pounds steam pressure per square 
inch. The boilers are independent of each 
other. On the 6-inch main, 38 feet from 
boiler No. 4, a 20x42-inch Corliss engine 
is located, having an output of 325 horse- 
power. On the 4-inch manifold running 
at right angles with the 4-inch and 6-inch 
mains are a 6x6-inch feed-pump, a 1-inch. 
steam pipe, a 12x18x30 Burnham jet con- 
denser, a 14-inch steam pipe, an 8x1o- 
inch Sturtevant engine doing 25 horse- 
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start all over again. The solution of the 
producer problem seems to be entirely 
mechanical and there can be no question 
that before long there will be in the 
market producers that can be operated 
continuously. 


March 17, 1908. 


Nos. 1 and 2 the 4-inch main begins run- 
ning on the same line with the 6-inch 
main and is connected with the 4-inch 
headers on the opposite side of the dome 
of boilers Nos. 3 and 4. This 4-inch main 
could be increased to 6 inches, that is, 
starting from the Y-branch and connect- 
ing all the way as far as the manifold and 
the 4-inch openings in boilers Nos. 3 and 
4, it could be made 6 inches. There is also 
room in the engine room along the wall 
for a larger manifold. 

The new engine will call for a 6-inch 
pipe and will be on the same line as the 
old engine, as shown in the accompanying 
sketch. A diagram taken from the old 
engine shows wire-drawing due to the 
long line of the present pipe line. All 
changes will have to be done on Sundays. 

A. M. LEACH. 

Palatka, Fla. 





Causes of Knocks in Steam 
Engines 


In C. J. Larson’s third article on 
“Causes of Knocks in Steam Engines,” on 
page 206, of the February 25 number, he 
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PRESENT ARRANGEMENT OF BOILERS AND PIPING 


power, and a 24-inch steam pipe. Boilers 
Nos. 1 and 2 have 6-inch headers; boilers 
Nos. 3 and 4 have 6-inch headers on 5- 
inch openings. 

From the Y-branch, or lateral, on the 
end of the 6-inch main leaving boilers 


states that the side-thrust knock caused 
by steam striking the face of the piston 
occurs in vertical engines only and 
“manifestly cannot occur where the steam 
is admitted on the top side.” I beg leave 
to differ. It can and does occur in hori- 
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engines tail-rods. In 


zontal 
engines so equipped the piston does not 
couch the cylinder wall (normally), being 
made smaller than the bore, its weight 
being supported by the rod. If the shims 


having 


the piston web and the bull- 
ring (as some are built) become loose 
through the wearing of the rings, the pis- 
ton is bound to bump on the bottom if it 
ver-reaches the port a trifle. 

Another aggravating click 
occurs in both horizontal and_ vertical 
ngines, i.e, the collapsing of the piston 
rings where the end ones over-reach 
enough for the incoming steam to strike 
them. This may be overcome by drilling 
from four to six small holes, equal distances 
apart, through the ring. This equalizes 
the pressure inside and out. This remedy 
is good only in cases where the rings are 
snapped into grooves; with bull-rings fit- 
ting the wearing rings tightly, the steam 
has no chance to press to the under side. 

On page 303, “W. O. R.” declares him- 
self in a decided manner about valves set 
for condensing and non-condensing run 
ning. If “W. O. R.” is an engineer of 
experience he knows that engines some- 
times develop knocks and jar (that no 
amount of keying will stop) if the valves 
are deranged; and also that if valves are 
right an engine need not be tightened up 
like a fiddle-string to make it run 
smoothly. He goes to the extreme when 
he asks if valves must be re-set every 
time the vacuum is lost. If the vacuum 
is lost it is generally for a very short 
time and if it is even for several hours no 
change need be made. But the fact re- 
mains, nevertheless, that an engine whose 
valves are set to operate properly under 
one condition will not behave as_ well 
under another. 


between 


sometimes 


Georce R. WILLIAMS. 
Findlay, Ohio. 


| agree with “W. O. R.,” on page 303 
of the February 23 number, in his state- 
ment:” with a horizontal engine in line and 
properly keyed, no valve setting, however 
bad, can make the engine knock.” But 
I would add, if the engine is not properly 
keyed up, and is not in true alinement, 
then knocks may be introduced by im- 
Proper valve setting, or intensified if any 
already exist. With regard to the relation 
that exists between knocks and valve set- 
z, each individual engine is a law unto 
Every engine must be experi- 

nted with in order to discover how all 

adjustments and steam’ distribution 
should be made to get the best possible 
results, both in regard to quiet running 
and economical operation. So it seems 
to me that general statements—which are 
usually made and meant in abstract arti- 
cles on various subjects—may ve and 
sometimes must be modified, when apply- 
ing them to concrete cases. 


itself, 


\ 


Some time ago I had charge of a power 
t in which were two horizontal cross- 





POWER 


compound condensing Allis-Corliss en 
gines of 1500 horse-power each. The plant 
was located a few hundred feet from the 
source of condensing-water supply, and 
the suction pipes (which were Io inches 
diameter) had been laid without any re- 
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tl) condensing and non-condensing con 
ditions of running. We had no trouble 
whatever in maintaining the required 
steam pressure, even when running with 
full load on everything, and the two en- 
gines in question running non-condensing 


FIG, 


gard to possible future settling, etc., with 
the result that leaks and 
there along the line, with the engines full 
loaded, and when the tide was high we 
could obtain but 20 inches vacuum. But 
at or near low tide we could not run con 
densing at all. 


occurred here 


The valves of the low-pressure cylinders 
were set to run condensing, as we say; 
that is, considerable more compression 
was given than if the engine were to run 
non-condensing. It seems to be a prevail- 
ing idea that a different valve setting must 
be made to suit each case. Well, iust as 
soon as these engines would lose their 
vacuum and continue running, but non- 
condensing, the racket the low-pressure 
steam valves made was painful to listen 
to. Indicator diagrams showed that the 
compression pressure exceeded the initial, 
receiver pressure, and so the valves elter- 
nately rose and fell with a slam-bang that 
was annoying, to say the least. 

While these engines were running non- 
condensing it was with extreme difficulty 
that steam could be kept up to the stand 
ard, and upon two notable occasions, with 
adverse conditions surrounding us on 
every side, the steam pressure dropped 
from 140 pounds to 90 pounds, and we 
were obliged to throw off some of the 
load until 
and ancther start made. 

It occurred to me that in spite oi opin 
ions to the contrary, 
could and should be given these engines 
in the low-pressure cylinder—and that one 


steam could be raised again, 


less compression 


i 


The only way that it could be known—at 
first sight at least—that the engines were 
“out” of the condenser (for they would 
go “out” suddenly and without any warn 
ing at all, and exhaust through an auto 
matic back-pressure valve into the atmos 
pipe through the roof 
was to look at the vacuum gage, or to 
look up at the top of the exhaust heads 
As far as the engines were concerned, 
no noticeable difference could be seen or 
heard, which, of course. was gratifying 


pheric-exhaust 


all round 
Crarvtes J. Mason 
Scranton, Penn 





What Caused the Horns on the 
Diagram ? 


I would like the opinion of Power read 
ers as to the cause of the horns on the ac 
companying diagram. It was taken from 
the high-pressure cylinder of a 24 and 46 
by 30-inch vertical pumping engine with 
Corliss running at about 30 
revolutions per minute. Nearly every dia 
showed the 

faint 
reliable 


valve-gear 


gram I took for two days 
horns, 
The 
than the head end. 
not show at all on the head end, but they 
were always there on the bottom. I could 


see the pencil jump when it made each 


although some were very 


horn was more 


Sometimes they would 


crank-end 


horn and thought that perhaps the string 





valve sctting and steam distribution would 
do for both condensing and non-condens- 
ing conditions. We made the change, and 
not only did the valve pounding cease en- 
tirely, but less steam was required to do 
the same amount of work as before, under 


or reducing motion had something to do 
with it. I unhooked the string but the 
pencil still jumped. 

I pulled the string out steadily for two 
revolutions and drew the line shown in 
Fig. 2, showing the horn in the same part 
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of the expansion line. The last time I 
tried to get some horned diagrams I got 
just ordinary ones. 
H. D. E. 
Essex County, N. Y. 





Water-column Connections 


The article on ‘“Water-Column Connec- 
tions,’ by W. H. Wakeman, on page 180 


3 Inches-long—— 








<—1-Inch-wide—> 








SIGN TO PUT ON VALVE-STEM 


of the February 4 number, was very in- 
teresting. I am a firm believer in valves 
on the water-column connecting pipes, 
The idea of inserting a pin in the valve- 
stem to keep the valve open appeals to 
me. I would suggest using a tin or cop- 
per indicator, like that shown in the ac- 
companying sketch. If the engineer 
looked at the glass at all he would at once 
notice the absence of the indicator for 
it would have to be removed to close the 
valve. The pin, which could be soldered 
to the strip, could be very small in diam- 
eter so that the necessary hole in the 
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valve-stem would not materially affect the 
strength of the stem. 
J. Every. 
Toronto, Can. 


In regard to Mr. Wakeman’s article on 
“Water-column Connections,” on page 180 
of the February 4 number, I would like 
to say I think he has too many valves. 
I do not see the sense of them all. In 
about 12 years’ experience I have never 
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run a boiler without valves on the water 
column and have never had them shut off ; 
neither do I chain them. On the boilers 
I am at present in charge of I piped the 
column as shown in the accompanying 
sketch, which I find answers every pur- 
pose. As the water here is very bad, the 
columns are blown four times every 
twelve hours. We have never had one 
plug up, nor do we have much trouble 
with broken glasses. 
M. 
Thon, N. Y. 





An Odd Low-water Alarm 


The following low-water alarm was 
described to me, and I was informed that 
it was actually in use and gave satisfac- 
tion. Referring to the sketch, A is a 
heavy copper ball float and B is a disk 


Water Line 


Boiier ‘Tube 


—— 





UNIQUE LOW-WATER ALARM 


and seat from a valve of some kind. One 
part is brazed to the ball and the other 
fastened to a I-inch iron pipe G. The pipe 
passes through the boiler shell H and a 
tee is screwed on the top. An iron plug 
FE has a hole in it to allow the ™%-inch 
brass rod F to pass through freely. The 
rod has a ring on the top end and is 
attached to the valve seat as shown. A 
valve and whistle are attached to the tee 
at C. There is no packing of any kind to 
cause friction. The possible main danger 
(as the designer stated) is the possi- 
bility of the seat and disk sticking if not 
pushed apart once in a while by pressing 
down on the ring. 

I directed his attention to the fact that 
steam would escape around the loose hole 
in the plug when the alarm was sound- 
ing. He acknowledged that this was a 
defect, but said it was better to let a little 
steam escape than to use a packing box, 
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as the packing might get hard and pre- 
vent the device’s working properly. 
5. E. 
Toronto, Ont. 





What Is the Matter with the 
Diagram ? 


I submit herewith a diagram of a 
Buckeve engine. I would like the readers 


Steam 125 
Receiver 17 
Vacuum 27 in. 
R.P.M. 125 
Spring 60 








DIAGRAM FROM A BUCKEYE ENGINE 
of Power to make suggestions for im- 
provement. 

James M. Davis. 


Decatur, Ind. 





Unnecessarily Complicated Piping 


Judging from some piping jobs, it is 
evident that certain mechanics want to 
see how many joints they can get into a 
pipe line. A clear example of this is 
shown in the following: Fig. 1 shows how 


























FIG. 3 


two steam pumps are connected to an 8-inch 
main. In order to drive these pumps, 
which require a 3-inch steam pipe each, 
two large tees are inserted in the main line 
at A and B, with the two 3-inch leads 
coming out of them and leading to angle 
globe valves, as shown. All the pipes are 
horizontal. The steam piping was all 
put up new when the two tees were put 
in. Why wouldn’t it have been better to 
pipe this job as per Fig. 2? Using the 
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same tees 
yould do 
the steam 


and angle-globe valves at C D 

away with the large flanges in 

mains, which are more difficult 

to keep tight in a main line. It makes 
he main line more satisfactory, looks bet- 

ter, can be covered much better and costs 
great deal less. 

Fig. 3 shows a still better way to pipe 
he job, but for a small job there could be 
no especial objection to the other way. 
\nother point which so many steam-pipe 
men neglect is radiation. These large 
flanges can carry off a lot of heat. It is 
bad enough to see these conditions in old 
piping, without finding them in new lines. 

C. R.. McGaHney. 

Lynchburg, Va. 





Running a Corliss Engine 
under Difficulties 


The accompanying photograph shows 


where the high-pressure cylinder of an 
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the low-pressure cut-off to the governor 
on the high-pressure side. 

The hand-wheel on the low-pressure 
cylinder which regulates the cut-off is on 
a bracket fastened to the bonnet and held 
in place by a set-screw so it can be raised 
or lower. It is dropped down out of 
the way and a rod runs from there over 
to the governor. The rod that connects 
onto the governor has a long thread, and 
by adjusting the right-hand nut to the 
speed wanted and setting up the left-hand 
nut, it worked all right. In shutting down 
it was necessary to loosen the left-hand 
nut and run it back about one-half inch, 
as the throw of the rocker-arm was not 
right for this cylinder. 

It was necessary to get up on a ladder 
to handle the throttle, so I let one of the 
assistants take the throttle and I looked 
after the regulation. We got to going all 
right and everything went better than we 
expected, but we could not keep the speed 
quite right. I thought I would try and 
regulate the cut-off by the hand-wheel; 











RUNNING 


engine wrecked and how the 
piping was changed so the engine could 
be run with the low-pressure cylinder. It 
was built to carry not more than 100 
pounds of steam, although at times we 
have carried 150 pounds. It will be no- 
ticed that in changing the piping we dis- 
connected the elbow in the exhaust pipe 
from the high-pressure cylinder to the 
low, turned the elbow up, placed the 
throttle valve on the elbow and then con- 
nected to the main steam pipe. We took 
off all the bonnets but one, which was 
left on to run the oil pump. We also took 
the steam ring out of cylinder and left 
the rest of piston in as a guide, and to 
stiffen the rod, and arranged a way to 
lubricate the cylinder and it worked all 


right 


Was 


It took about a day and a half to 
change around and get ready to run, with 
the exception that we had no governor, 
SO a way had to be found to connect from 





A CORLISS ENGINE 





UNDER DIFFICULTIES 


so I fixed two ropes on the throttle. This 
worked better, and by watching the elec- 
tric light I could do pretty well, but it was 
not satisfactory. The next morning I had 
the other connection to the governor put 
on and everybody was happy. The worst 
of it was, they did not want to shut down 
to put this had to 
rummage to find some way to change 
without shutting down. The knock-off on 
the front end is on top and on the back 
end on the lower side, as will be seen. I 
took a piece of hard wood % inch thick, 
1%4 inches wide and 2 feet long and 
clamped it onto the back knock-off lever, 
and by having one man take this lever and 
regulate the speed (which he did by 
watching the voltmeter), I made the 
change all right and after that everything 
went smoothly, running that way from the 
first of October until December 24. 


W. L. Raymonp. 


connection on, so I 


Winona, Minn. 
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Improving the Condition of an 
Economizer 


At one plant where the writer worked, 
there were three economizers in as many 
rhe first one consisted of 
256 tubes connected in groups of eight by 
a manifold or header on top and bottom; 
this made 32 


boiler houses. 


sections. These were all 
connected by a long 4-inch manifold. Me- 
chanically driven scrapers were used to 
clean the soot 
tubes, which 


The whole 


outside of the 
were about 10 feet long. 
arrangement located in 
the main flue, with the exception of the 
4-inch manifolds. The superintendent 
told that when it first installed 
there had been a saving of about 16 per 
cent. on the fuel, but lately he did not 
think there was a saving of 2 per cent.; 
in fact, he was inclined to believe it was 
the other way. 

[ started in by taking a look over 
things. I found first several large cracks 
around the brick walls; I had these ce- 
mented up. Then I deflected gases 
into the by-pass flue and examined the 
inside of the main flue. 
to find I did not have half the air leaks 
stopped. At each end of the economizer 
chamber and along the sides there were 
openings due to expansion and contrac- 
tion. After filling these I put about two 
inches of mineral wool over the whole 
top. While inside I noticed that the 
walls were built up very roughly; pieces 
of mortar stuck out in some places as 
much as two inches. I had a mason go 
inside and smooth all these over, and also 
give the walls a coating of fire clay. 

In my inspection of the inside I no- 
ticed that the baked 
hard on the tubes, while in other places 
the tubes were perfectly clean. I fourid 
that the cause of this was water leaking 
from the pop valve over the top of the 
running down, it made a 
paste of the soot that had glue beat forty 
different ways. I rectified this by piping 
the pop valve to the drain. As there was 
only a difference of about three pounds 
pressure between the boiler pop valves 
and the economizer pop valve, I screwed 
the latter down to about 15 pounds more; 
this stopped the leaking. 

I next began to look for trouble in- 
side the economizer itself. I took off alf 
the caps from the 4-inch manifolds and 
was surprised to see the amount of scale 
inside; after cleaning out all the tubes, 
T had all the top and bottom connections 


from the 


was 


me was 


the 


I was surprised 


some of soot was 


economizer ; 


thoroughly scraped and washed out. I 
then put on all the caps and started to 
fill up with water, but stopped when I 
noticed that there was no vent on the 
machine. I took off one of the caps 
from the top and drilled and tapped it 
for a 34-inch valve. Then I filled up 
the economizer and put it in service. The 
results greatly surprised the fireman and 
superintendent. 
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Although cleaning one of these outfits 
is not one of the pleasantest jobs around 
a boiler house, I have always made a 
practice since of cleaning internally once 
every three months, besides blowing 
down every noon for from ten to fifteen 
minutes. 

' G. H. Hi. 

Newbureh, N. Y. 





Warming an Engine 


On page 149 of the January 28 num- 
ber, “A Lancashire Lad” wants to know 
how long it takes to warm up an engine. 
If the engine is used every day the length 
of time required will depend on the size 
of the engine. The largest engines in use 
for stationary work can be started up 
and put on the line in five minutes, or 
less in case of necessity, but it is the usual 
rule to take from twenty to thirty min- 
utes. The reason for this is to allow the 
valves and their chambers (usually the 
cylinder-heads) time to “find themselves,” 
as Kipling would say. 

With smaller engines, if the engine has 
not been down more than a shift and 
the engine room is warm, it is not neces- 
sary to make any “grand-stand plays” at 
warming up, but simply to start her up, 
being sure that the steam pipe is not full 
of water. As a general thing a throttle 
valve will leak enough to keep the engine 
fairly warm. 

In the case of an engine the size of 
that under discussion I should think that 
by unhooking the wrist-plate (if it has 
one) and working a little steam through, 
it could be started in a very few min 
utes. Nevertheless, I think the firemen 
did wrong by “butting-in” as they did; 
if they thought too much steam was going 
through the valve they should have told 
the chief. It also looks as if that engine 
must have been in a very leaky condition 
to have all that steam going through the 
throttle and yet not start up. An engine 
in good shape would travel up to a pretty 
fair speed c.. that amount of steam. 

As to how much steam will flow 
through the throttle in a given time I do 
not know whether to say anything about 
it or not. I have been using two formulas 
from French’s book on “Steam Turbines” 
and must admit that I was surprised at 
the amount of steam that will 
through a small hole in a minute. 
formulas hold good until the pressure 
into which the jet is discharging is equal 
to 58 per cent. of the pressure behind the 


flow 
These 


jet. One of the formulas is as follows: 
w—PXxA4, 
- = 


That is, the weight of steam in pounds 
per second equals the absolute pressure 
times the area in square inches, divided 
by 70. 

The other formula is based on the fol 
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lowing: Weight per second equals 6.19 
times area in square inches times weight 
of one cubic foot of steam at given 
pressure. 

It is possible that both admission valves 
are closed on the cylinder, and if they 
do not leak the steam will stop flowing 
as soon as the chest becomes full at 
boiler pressure. In case the engine leaks 
the steam out as fast as the throttle ad- 
mits it, “Lascashire Lad” can apply one 
of the foregoing rules and find out how 
much boiler horse-power it takes to sup- 
ply the engine with the steam under the 
given conditions. However, I would ad 
vise Lancashire not to be surprised at the 
amount of steam flowing through a small 
hole in a given time. 

Epwarp H. LAne. 

Kansas City, Mo. 


“A Lancashire Lad’s” letter regarding 
warming an engine brings to my mind 
the old-time saying: “Wiulful waste is 
downright robbery.” Any engineer worthy 
of the name, who is studying ways and 
means of economy in his plant, would not 
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usually, a decided benefit to him te: listen 
to and take note of the ideas suggested 
by his subordinates. No man can know 
it all, and when a chief has a large plant 
under his supervision he cannot be in two 
places at one time, and so he must rely 
on his subordinates, whether they are as- 
sistant engineers or coal-passers. 
Cuartes H. Taytor. 
Bridgeport, Conn. 





A Settling-tank Explosion 


A short time ago the top of a skimmer 
settling tank blew out at a shop i 
Evansville, and killed the engineer, who 
had been there 20 years. The boiler and 
skimmer were put in five years ago. The 
accompanying sketch gives an idea of the 
lay-out. It was impossible for anyone to 
get to the injured man until all the steam 
and water had been blown out of the 
boiler. Nobody knows how it happened, 
but the supposition is that the engineer 
went to stop a leak in the top head and 
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DETAILS OF SETTLING-TANK 


permit it for a minute. While we are 
ready to admit that an engine should not 
be heated up suddenly, owing to the effect 
of expansion and contraction of the differ- 
cnt parts, I have yet to find an engine 
connected to a main-exhaust line that was 
entirely cold. There are very few ex- 
liaust valves that have seen much service 
that do not leak more or less, and in these 
cases exhaust steam will find its way into 
the cylinder of the idle engine. Suppose, 
for instance, that a plant had been shut 
down for a length of time, would they 
get up steam the day before resuming 
operation simply to warm up the engine? 

In my judgment, one hour is approxi 
mately long enough to blow through in 
erder to warm up. A much better method 
would be to by-pass the stop-valve with 
a small pipe which would be preferable 
to opening a 6-inch stop-valve by guess, 
and it certainly would be more econom- 
ical. I have usually found that after a 
man has climbed up to the position of 
chief, it is often, and I may 


very say 


Blow-o¥ Shut 
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broke. The recording gage 
showed 95 pounds steam pressure when 
the accident occurred. Corrosion near 
the top of the tank shows that it had 
been leaking, and bright places on the 
flange indicated that the nuts had recently 
been tightened. The heads were held on 
by six %-inch bolts; the grooves in the 
heads fitted over the ends of the pipe, 
with gaskets in the groove. A piece 2” 
inches square, which was blown out, 
showed that the iron was only % inch 
thick. I think the strain of the wrenc! 
on the bolts and the pressure on the hea 
caused the damage. I would advise 
engineers who have similar skimmers 
put on heavier heads, because if thes 
bolts are pulled up tight when the pipe 1: 
cold, the pipe will expand when hot and 
the bolts being on the outside will remaii 
cold, a condition which will surely put au 
undue strain on the head, already weak 
ened by the grooves. 


the flange 


E. G. HEEGER. 
Evansville, Ind. 


~ 





March 17, 1908. 


Explaining Odd Indicator 
Diagrams 


In reply to “Lancashire Lad’s” query 
on page 101 of the January 21 number, 
regarding his odd indicator diagrams, | 
would suggest that had he given a little 
more data regarding the diagrams in 
question it would have simplified matters 
somewhat; I refer to the facts that the 
atmospheric line is not shown, nor the 
scale of the springs nor the boiler pres 
sure, and he also neglects to mention if 
the piston valve admits steam to the cyl 
inder over the ends of the valve or from 
hetween the rings. 

In my own experience (not slight at 
that) I have found that odd indicator 
diagrams are frequently caused by care- 
lessness or neglect when assembling the 
various parts of the valve-gear when 
overhauling. By way of illustration I 
will mention one of many cases: I was 
called on hurriedly to go and find out 
what was the matter with the engine of 
a private yacht. The cylinders were 9 
and 14 by 22 inches, with 18-inch stroke 
The engine had been in use more than 
two years and had given excellent results, 
when suddenly the revolutions were re- 
duced from 220 to from go to 100. On 
inquiry, I was informed that nothing had 
been altered, and the boat had just been 
through her annual overhaul, so it was 
in first-class condition. However, on tak- 
ing her out for a run for own 
information, I ran off a few cards, 
the high-pressure diagram being the most 
peculiar looking specimen it has been 
my luck to see. I had the high-pres- 
sure piston valve taken out and found 
that when overhauled the pistons had been 
put on the valve-stem the wrong way. 
Consequently, on the steam side, instead 
of having about %4-inch positive lap there 
was about 3/16-inch negative lap, while 
the exhaust side, instead of having nega 
tive 


my 


lap, had positive lap, the result be 
ing excessive leads and port opening on 
the steam side, while the exhaust side 
was almost entirely shut off. When the 
pistons were put on properly, there was 
no more trouble. 

In the “Lad’s” diagram I should say 
that his piston valve is leaking badly and 
(assuming that admits 
in the middle or between the rings) is 
too low on the stem, caused by the wear- 


the valve steam 


ing down of the eccentric-strap and gear, 
which would account for the loop on the 
crank end, while the leaky valve is ac- 
countable for abnormal back pressure on 
both diagrams; but by the omission of 
the atmospheric line and scale, especially 
on the low-pressure end, the vital points 
of the diagram are missing. 

In reply to his second question, regard- 
ing admitting live steam into the low- 
Pressure receiver, most compound engines 
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are fitted with such a connection which is 
known as the by-pass, for use when start- 
ing, but it is often used to help out when 
the engine is working on a heavy load 
By so using it, the low-pressure horse 
power is increased, and the high-pres 
sure decreased by the increase of back 
pressure. If the revolutions are increased. 
however, the total horse-power is in 
creased but not in the same ratio, as the 
low-pressure engine will still do the more 
work. 

For altering and equalizing the power 
in the different cylinders, marine engines 
are fitted with expansion-blocks for each 
valve, by the use of which the horse 
power of the various cylinders may be 
altered without affecting the total horse- 
power, which can thus be equally divided, 
giving a nice, smooth-running engine. | 
have had a quadruple-expansion with the 
low-pressure 100 inches and no greater 
variation in the horse-power of either 


cylinder than 40° horse-power, and de 
veloping 7000 total indicated horse-power. 
the 


“Lancashire 


Possibly be of in 
the 


compound 


following may 
terest to Lad” in 
of the expansion-blocks in 


and triple-expansion engines: 


use 


For ComMpouNnD ENGINES 

Shutting in the high-pressure decreases 
both engines. 

Opening out the high-pressure increases 
both engines. 

Shutting in the low-pressure increases 
the low-pressure and decreases the high 
pressure. 

Opening out the low-pressure decreases 
the low-pressure and increases the high- 
pressure. 


TRIPLE-EXPANSION ENGINES. 


Shutting in the high-pressure decreases 
the horse-power of all engines. 

Opening out the high-pressure increases 
the horse-power of all engines. 

Shutting in the intermediate increases 
the horse-power of intermediate and de 
creases the high-pressure, the low-pressure 
remaining the same. 

Opening out the intermediate decreases 
the horse-power of the intermediate and 
increases the high-pressure, the low-pres 
sure remaining the same. 

Shutting in the low-pressure increases 
the horse-power of the low-pressure and 
decreases the intermediate, the high-pres 
sure remaining the same. 

Opening out the low-pressure decreases 
the horse-power of the low-pressure and 
increases the intermediate, the high-pres 
sure remaining the same. 

In the above “Shutting in” shortens the 
point of cut-off and “Opening out” 
lengthens the point of cut-off; the results 
at first may appear at least contradictory, 
but by a little study the seeming contra 
dictions will soon disappear. 

“DEVONSHIRE LAp.” 

San lrancisco, Cal. 
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C. R. K.’s Peculiar Dynamo 
Trouble 


In the February 18 number, on page 265, 
i ee ee 
trouble. 
after 


speaks of a peculiar dynamo 
I believe that he will find that 
truing up his and 
brushes the brushes were not in the same 
position as they 


commutator 


were originally. If he 
will check this up and put the brushes 
back where they were before the com 
mutator was touched, moving them proba 
bly slightly forward, I believe he will find 
his trouble corrected. 

It may possibly be, however, that while 
making the changes he the 
shunt field connections were changed so 


mentions, 


that the field winding was changed from 
a long shunt to a shunt, which 
would tend to produce the effect noticed. 


Henry D. Jackson. 


short 


Boston, Mass 


In regard to “C. R. K’s’” 
dynamo trouble, about which he 
page 265 of the February 18 number, he 
did much his 
were turned off in truing 
they were turned off 
commutators 


peculiar 
told on 


not say how commutators 
them up. If 
the 
smallet 
in circumference, which would give less 
surface for the brushes to work on at 
that speed and the speed would probably 
have to be increased to make up the dif 
ference. 


much, 
slightly 


very 
would be 


If the machines are belt-driven, 
one of the pulleys may be slipping a little 
Or, some bars may be nearly burned to 
gether, causing short-circuits in the arma 
ture. 
THOMAS GorDON. 
Sacaton, Ariz. 


Oilless Bearings 





\ dryer containing six circulating fans, 
with bearings made of bronze and graph 
The 
slip, come off and 
They were run “as tight as fiddle 
strings’ to make drive. Although 
that the shafts 
got blue, they did not cut or wear appre 
ciably, the shaft 


driven, 


ite, was sold to be run without oil. 
belts would’ stretch, 
break. 
them 
the bearings ran so hot 


nor would 


stick fast 
collectively, 
through a 10-horse-power angle coupling. 
The friction of the fans caused the coup 
ling to run so hot that the oil boiled and 
smoked This was 


double belt 
stalled in its place 


The six fans were 


taken down and a 


rigid, direct-drive 
7 he 


also changed to double 


was in 
fan belts were 


To my surprise, 


the engine was caused to labor, and the 
electric lights were unsteady. 
As an experiment we drilled and 


grooved one of the bearings to receive a 
cheap, glass self-oiler, with the result that 
it could be revolved with the little finger 
Finding that oil 


shown to. thr 


did no harm, it 


up rintend nt, who said: 


was 
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“If you had thought of this in the first 
place, you would have saved us about 
t'vo hundred dollars.” 
CuHaArLeS HAEUSSER. 
Albany, N. Y. 





Classified Licenses 





Since my letter on “Classified Licenses,” 
appeared, on page 153 of the January 
28 number, several others have been pub- 
lished which, while evidently inspired by 
mine, have not in any way contradicted 
the arguments I set forth. The impres- 
sion seems to prevail that the writer is 
unalterably opposed to licenses, or the 
beneficial study necessary to obtain one. 
To those critics I can only say: Read 
the letter again and then point out the 
passages wherein such suggestion occurs. 

In this connection, there was an edi- 
torial in the February 11 number, on 
“Practical Examinations.” To my mind 
the word “practical” was used in connec- 
tion with examinations as an earnest to 
the future engineer that actual experience 
in the steam plant would be the basis of 
the examination and not knowledge that 
can only be obtained in the engineering 
schools. 

To find out how well this intent has 
been carried out, select two men, one of 
whom has gained his “second” by hard 
work, long hours and home study, while 
the other “pays his money” to the engi- 
neering school and is drilled to answer 
questions that the examiner is likely to 
ask. Send these men in for a “first,” and 
“pick the winner.” The editorial states 
that the man who gives the best answer 
wins; so there you are. 

On page 302 of the February 25 num- 
ber, O. C. Werner has undertaken the 
task of reproving “Lowell” for what he 
evidently considers /ése-majesté. I sin- 
cerely hope he will read “Classified 
Licenses” again, then read the letter he 
placed his name under. Where did he 
find anything written by “Lowell” sug- 
gestive of doctors or specialists? Then 
there was a letter from Mr. Selkey. He 
speaks of the inspectors educating the 
engineer by depriving him of his position. 
Yes, it is educating, but perhaps not in 
the way he implies. When the man whom 
the inspector acknowledges is competent 
to have charge of a “high-pressure plant” 
is “forced” out of his position in a high- 
pressure plant, because he cannot pass on 
“condensing plants,” it is a beautiful les- 
son, especially to the wife and children 
who must share his misfortune if he does 
not find another place. 

He also states that “license laws force 
the manufacturers to recognize the 
importance of the profession,” but in the 
same breath he states that if the owner 
can't “see it.” it must be the man’s fault. 

Ilis last paragraph needs little comment, 
only I should be pleased to have him ex- 
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plain this: If a boiler is not a boiler, 
what is it? 

As we all seem to be of the opinion that 
the license is an incentive for study and 
research, and as it seems too bad to de- 
prive the man who gets a “first” of that 
valuable incentive, I have no doubt the 
following suggestion will meet with 
favor: Let the next amendment to the 
law be so constructed as to compel each 
“first-class” engineer to appear annually 
for examination (at $1 per) and answer 
the same questions that are asked the new 
applicant for a “first,” failure to answer 
satisfactorily being accepted as_ suff- 
cient cause to relegate him to the next 
lower class. All “first-class” men who 
are in fayor please say: “Aye!” 

LowELL. 

Boston, Mass. 





Cylinder Ratio 





In the January 28 number, page 155, 
“Imprimatur” seems to have a kind of 
poor opinion of a chief’s designing abili- 
ties, and gives one the impression that 
engine builders “know it all” without fail 
when it comes to proportioning the cylin- 
ders of compound engines. Of course 
there are builders and builders, but I have 
a case in mind where the engine sent out 
was so “raw” that the manager of the pur- 
chasing company declared that it must 
have been designed by the office boy and 
stenographer. It was a 16 and 30 by 36- 
inch cross-compound, common D slide- 
valve and throttle-governor engine, built 
to run on a boiler pressure of 100 to IIO 
pounds. As the cylinder ratio was a 
shade over 3:5, it can be seen that the 
low-pressure point of cut-off would have 
to be at less than one-third stroke to 
maintain a receiver pressure without 
drop. Any engineer who has given the 
subject any study knows the troubles he 
would be up against in trying to shorten 
the cut-off on such an engine to much less 
than 2/3 or 3% stroke. 

Had the engine been fitted with a Cor- 
liss gear, or a riding cut-off valve, the case 
would have been different; but as it was, 
the receiver pressure had a drop of more 
than half, and a live-steam by-pass had 
to be kept open to get quiet running. In 
this case, where the cylinder ratio was 
3 to 5, a mean effective pressure in the 
low-pressure cylinder equal to about 1/3 
of that in the high-pressure cylinder 
would have given a better balance, I think 

The builder’s idea of getting an early 
cut-off on the low side was to put exces- 
sive outside lap on the valve (and extra 
lap on the head end, too), which, of 
course, caused excessive compression and 
too early release when the angle of ad- 
vance was increased to give prompt ad- 
mission. : 

I would like to know if any of the 
Power engineer family can explain how 
this engine could be balanced as regards 
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work in the two cylinders; or, in other 
words, how could more work have been 
got out of the lo-v-pre.stire cylinder when 
the cut-off could not be shortened, or the 
initial pressure raised? 
J. A. CARRUTHERS. 
Bankhead, Alberta, Can. 


Where the Steam Went 





On page 300 of the February 25 num 
ber, R. Manly Orr contradicts “A Lan 
cashire Lad’s” statement that steam goes 
through the engine while warming up. | 
agree with Mr. Orr that it could not go 
through the engine if everything were 
tight, but the “Lad” states very clearly 
that there are drains in the steam chests 
and that they were hot. That’s where the 
steam went to if everything else was 
tight. But was everything else tight? 

GeorGE R. WILLIAMS. 

Findlay, O. 


J. C. F.’s Faulty Diagrams 








In the February 18 number, page 263, 
“J. C. F.” submitted two sets of cards 
taken from a Russell engine, and he re 
marks that the engine suddenly began to 
knock, and asks for criticism of the dia 
grams. In the first diagram all of the 
valve motions were too early, so that com 
pression took place very nearly at half 
stroke, and was carried above the steam 
line on both crank and head ends, so I do 
not wonder that the engine knacked, and 
knocked badly. 

In the second diagram compression was 
far too great, as shown conclusively on 
the crank end, where the compression was 
carried above the steam line; and admis- 
sion was also late. I should suggest the 
delaying of the exhaust valve to a con- 
siderable extent. 

I suggest that “J. C. F.,” in setting the 
valves, allow only sufficient compression 
to ease up the movement of the piston, 
carrying it around the dead center 
smoothly, and adjust his release so as to 
give the maximum expansion of the 
steam. The admission valves should be 
given a slight lead, and the cut-off will 
be taken care of by the governor. 

Henry D. JAcKSON. 

Boston, Mass. 





In answer to the letter, “Faulty Indi- 
cator Diagrams,” on page 263 of the Feb- 
ruary 18 number, I would say that the 
main faults shown by the diagrams are 


too much angular advance, excess of 


lead, excessive compression and prema 
ture closing of the exhaust ports. 

If the eccentric were set back som 
where between 20 and 30 degrees it would 
in all probability put an end to the 
trouble, granting that there was no leak- 
age of the piston. 

A. B. DurYEE 

New Rochelle, N. Y. 
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Boiler-explosion Inquiries in 
Great Britain 


By W. H. Booru 


Every boiler explosion which occurs in 
Great Britain, no matter how trivial, has 
to be inquired into by the Board of Trade. 
lt is said that the blowing out of a fu- 
sible plug was once the object of inquiry. 
Such an investigation has lately been tak- 
ing place in Greenwich town hall concern- 
ing an explosion of a_ thermal-storage 
vessel in December, 1906, a year before 
the investigation was begun. The part 
that failed was the shallow-dished end of 
a thermal-storage vessel carrying 160 
pounds gage pressure, the dished end be- 
ing flanged to about one-inch radius and 
riveted to a shell of about 54 inches di- 
ameter. About three days before the ex- 
plosion a leak was perceived through a 


crack about 234 inches long in the outer: 


curve of the flanging at the lower side. 
The boiler inspector was sent for to 
examine it, for, owing to the custom in 
Great Britain of making men with purely 
electrical training responsible for steam 
plants, it had never occurred to anyone 
that this leakage in a plate subject to ten- 
sion implied possible serious danger. 

Just as the inspector had clambered up 
to the drum end and was holding his 
candle to the leaking portion, the whole 
end tore around the root of the flange, 
cutting or blowing off the man’s head. 
The remainder of the vessel, that is, all 
of it except the blown-out end, flew 95 
yards, passing through three brick walls 
on its way, and landed in a gasworks. 
Examination showed that the failure was 
immediately due to cracking about two- 
thirds round the circumference of the end 
at the root of the flanging. The crack 
was of some age initially and had ex- 
tended until there was only about '%-inch 
thickness of plate left, and, as above 
stated, the plate was actually leaking for 
2% inches. 

The inquiry is hardly over at the time 
of writing this, but so far not a word 
has been said as to the primary cause of 
the disaster, even though the absence of 
the cause might not have prevented the 
plate failure. Undoubtedly this drum 
should have been stayed from end to end 
by a competent bolt-stay. Assuming that 
the end was 54 inches in diameter, its 
area would be about 2300 square inches 
and the pressure on this would be about 
360,000 pounds, so that a stay-bar of 60,- 
000 pounds steel and six inches cross-sec- 
tion would have broken, if the end plate 
had failed all around, and thrown all the 
load on the stay. That is to say, a stay- 
bar of 3 inches diameter would almost 
certainly have held the ends together 
while pressure escaped, for it is unlikely 
that, thus stayed, the end would have 
blown out. It would have leaked so badly 
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that the boiler would have been laid off 
and the full trouble ascertained. 


WHAT INVESTIGATION SHOWED 

Investigation of the plate showed that 
in the process of making the vessel there 
had been impressed in the root of the 
flanging a series of shallow indentations 
about 134 inches across and 1/16 to % 
inch deep. These were made by the snap 
of the riveter which had been employed, in 
the usual way, to close the plates before 
riveting. These indentations were close 
together and even confluent all around the 
circle, and failure followed them; and 
where they were least marked the plate 
had remained sound or had less damage. 
Just on this point the question turns as 
between the boiler makers and the mak- 
ers of the steel plate. On the one side it 
is contended that the plate is brittle in 
places, being, as tests show, of unequal 
ductility, and that had it been first class 
throughout, the making of these indenta- 
tions would not have caused trouble; but 
the plate being brittle, it could not bear 
even these gentle impressions and shear 
planes were developed which extended 
with the breathing action of the dished 
end, until the cracks went right through 
the plate. But the plate makers say that 
no plate could be safely exposed to the 
local hardening and stress produced along 
the root of the flange, and that the in- 
dentations must have produced initial 
cracks in the safest and most ductile of 
plates; that, in fact, if we read between 
the lines, failure must have occurred in 
the course of time, for these end plates 
constantly breathe in and out with every 
change of pressure, and do we not all 
know that grooving will occur in all plates 
exposed to constant bending? 


DISCREDITING OF TECHNICAL WITNESSES 

So there is hard swearing on each side 
and the non-technical listener becomes 
hopelessly confused. All questions are 
put to witnesses by lawyers, who not only 
may possess no knowledge whatever of 
technical matters, but seem quite incapable 
of understanding a proper answer. If a 
technical witness speaks the truth and is 
understood by every engineer in the room, 
he seems to be regarded as a bad witness. 
He is regarded as shuffling when he is 
merely being careful not to give positive 
replies on doubtful points. And so much 
of the inquiry seems to be quite superflu 
ous, points being gone into that have very 
little bearing on the case, as though they 
were serious, while important details of 
the first order slip by unnoted. In olden 
times no one attempted to make a cylin- 
drical-pressure vessel without hemispher- 
ical ends and when these old egg-ended 
boilers did fail by parting in two, they 
usually failed at the bottom of some ring 
seam through being called upon to act as 
a long girder supported at the ends, their 
middle supports having settled away. Then 
the two ends would fly apart like rockets 








unless there was a good longitudinal stay. 
Lately, the smaller, shorter drums of wa- 
ter-tube boilers and thermal-storage ves- 
sels have been made unstayed. This might 
be safe enough with hemispherical ends, 
but with only dished ends it is not con- 
sidered to be safe by many engineers, and 
the result of this present inquiry, or rather 
the explosion of an unstayed drum, will 
probably be to direct attention to that 
point. In fact, already one of the boiler 
insurance companies had demanded such 
stays before the explosion took place. 





Some Possible Developments of 
the Gas Engine 


Possibly all builders of the steam 
engine, even those most thoroughly con 
vinced of the excellence of their wares, 
have, at times, an uncomfortable feeling 
that the days of steam are numbered, and 
that 
rather than later—the commanding posi 
tion now held by the steam engine as a 
prime mover will be taken by the internal- 
combustion engine. This belief is mainly 
founded on the greatly superior thermo- 
dynamic efficiency of the internal-combus- 
tion engine. As has, however, been pointed 
out by Prof. S. A. Reeve, in a paper re- 
cently read before the American Society 
of Mechanical Engineers, economy of fuel 
is in general of much less importance 


sooner or later— perhaps sooner 


than the more material qualities of relia 
bility, steadiness of running, and flexi- 
bility. In fact, even the gas engine itself 
had found a large market long before the 
advent of the day in which its commercial 
efficiency began to be comparable with 
that of 
experiment, a fair-sized gas engine, run 


a steam engine. After years of 
ning on illuminating gas, requires some 
20 cubic of gas brake 
A small steam engine, even 
if a steam-eater, taking 45 to 50 pounds 
brake 


would not consume more than 6 pounds 


feet per horse- 


power-hour. 
of steam per horse-power-hour 
of coal, which in many districts would 
Even so, however, 
the great convenience of the gas engine 
for small powers led to the development 


cost well under “d. 


of a large trade in them, clearly showing 
that other than 
fuel economy commonly govern the choice 
of a 


similar way, the steam engine may still 


considerations those of 


source of motive power. In a 
hold its own for many years to come, even 
though the advent of the producer has 
given the gas engine a much cheaper sup 
ply of fuel than was formerly available. 

There is, perhaps, a tendency to over 
rate the advantage thus reaped by the gas 
engine. Undoubtedly, in plants of medium 
size, the internal-combustion engine has 
now often a marked superiority in the 
cost of its fuel as compared with that re 
quired for a steam plant of equal capacity, 
and this preéminence becomes the more 
marked the the the 


greater 


proport ion 
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freight charges bear to the local selling 
price of the fuel. In the larger sizes the 
steam engine is not quite so hopelessly 
out-distanced in the matter of fuel cost 
by its newer rival. In the 
test of the Carville turbine, where the 
steam consumption was reduced to just 
over 13 pounds per kilowatt-hour, the 
corresponding fuel consumption was pre- 
sumably at least somewhere about 14 
pounds per brake horse-power-hour. Of 
course, the fuel used was not anthracite ; 
but, on the other hand, vacua of 29 inches 
or so are impracticable save in the depth 
of winter. This result may perhaps be 
improved on as further experience is 
gained, but it is unlikely that the fuel 
consumption can ever be reduced as low 
as now seems practicable with a gas plant 
running at its most economical load. 

In all other points, however, steam yet 


well-known 


holds considerable advantages over its 
rival. In spite of recent progress, it is 
still a much more reliable and flexible 


source of power than the gas engine. The 
latter is commonly most efficient at its 
maximum output, and accordingly it is 
very frequently rated by its makers at 
very nearly the maximum load it can pull. 
With some steam plants, on the contrary, 
an overload of 100 per cent. can be taken 
over and above the rated power of the 
plant. In the matter of close governing, 
too, the steam engine still holds the ad- 
vantage, many and ingenious as have been 
the attempts made to improve its rival in 
this respect. In the paper already re- 
ferred to, Professor Reeve discusses these 
at length, and points out that with the 
four-cycle engine in particular the defect 
is an inherent one. The governor has to 
determine the strength of the next im- 
pulse imparted to the piston practically a 
whole revolution in advance of the next 
working stroke. The fluctuations in speed 
are maximum with hit-and-miss govern- 
ing, and are much diminished when the 
governing is effected by throttling the 
charge; but this method, though dimin- 
ishing the irregularities, is less economi- 
cal at low loads than its cruder predeces- 
sor, since the compression falls off with 
the reduction in the quantity of mixture 
drawn into the cylinder. It is quite pos- 
sible to methods by which the 
clearance can be varied in correspondence 
with the average load on the engine, and 
in this way the average efficiency of an 
engine running on the Otto cycle could be 
one-quarter, and the true 
overload capacity of the engine substan- 
tially raised. Several plausible schemes 


devise 


increased by 


for effecting this variation in the clear- 
ance space in correspondence with changes 
in the load have been suggested, but Pro- 
fessor Reeve claims that other methods 
show more promise of conferring on the 
gas engine some of the best attributes of 
its rival. 

An attractive plan is that of resuscitat- 
ing the Lenoir engine, with the modifica- 
tion of compressing the charge before 
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allowing it to enter the cylinder. In the 
old Lenoir engine, it will be remembered, 
a mixture of gas and air was drawn in 
during the first half ot the out-stroke of 
the piston. The charge was fired at mid- 
stroke, and did its work of propelling the 
piston during the second half of this 
stroke. There was an impulse every revo- 
lution, and the engine was governed by 
throttling the charge. The objection to 
the engine lay mainly in its extravagant 
consumption of gas, owing to the absence 
of compression; since, although, as al- 
ready stated, fuel economy is not the main 
quality required in a prime mover, it 
forms nevertheless a factor which cannot 
be entirely ignored. From a mechanical 
standpoint the cycle had many advantages. 
By compressing the charge before it enters 
the cylinder most of the advantages of 
the cycle are retained, whilst an even 
higher efficiency should be possible than 
is now commercially practicable with the 
Otto cycle, since by using stage compres- 
sion with an intercooler between the suc- 
cessive cylinders very high compressions 
would be practicable. The addition of this 
external compression does, of course, 
complicate the plant, though this draw- 
back would be compensated for in some 
cases, at least, by the facility with which 
the engine could be rendered reversing. 

The cycle is, however, obviously unfit- 
ted for small powers, but may be worth 
further investigation in regard to its ap- 
plicability for large units, where the pres- 
ence of the separate compressor might be 
less objectionable. The engine would, how- 
ever, possess many of the best features of 
the steam engine, and could be designed so 
as to take a Considerable overload without 
much loss of efficiency, whilst it would 
also be the equal of its rival in the mat- 
ter of securing an even turning speed 
without an excessive fly-wheel weight. 
This solution, in spite of its merits, which 
he clearly sets forth, is rejected by Pro- 
fessor Reeve in favor of another, which, 
in its essentials, really amounts to turn- 
ing the gas engine into a kind of steam 
engine. His proposal is to compress gas 
and air into a fixed chamber, where it 
would be ignited. The products of com- 
bustion would next pass through a tank 
of water, and the mixture of these gases 
with superheated steam would then be 
used for driving the engine. In order to 
compete with the Otto cycle a high com- 
pression—at least 350 pounds per square 
inch—would be necessary, and, as in the 
case already considered, the scheme ap- 
pears feasible for large units only. 

Of course, in the interchange of heat 
between the hot gases and the steam there 
is a large loss of the heat theoretically 
available, and to us it is extremely doubt- 
ful whether it will be possible to build a 
commercial engine on the plan set forth. 
Its advantages lie in the great reduction 
of the maximum working temperature, 
and in the possibility of compounding the 
engine, which has not hitherto proved 


March 17, 1908. 


practicable with gas engines pure and sim- 
ple. As a consequence, the strains to be 
taken in an ordinary gas engine have 
always been enormously greater than in a 
steam engine of corresponding capacity. 
Some years ago Professor Weightman 
made an instructive comparison between 
the maximum total pressure to be pro 
vided for in equivalent simple, compound, 
and triple-expansion engines. The initia! 
pressure on the single piston of the sim 
ple engine was, he pointed out, four time 
as much as that on the more heavily 
loaded piston of the compound engine, and 
seven times as much as on any piston of 
the triple-expansion engine. The gas 
engine works under still more trying con 
ditions than the simple steam engine, and 
this fact has been emphasized in practice 
by frequent broken bed-plates during the 
earlier years of the development of the 
large gas engine. Again, it is the practical] 
necessity of expanding the charge wholly 
in one cylinder which renders necessary 
the use of liners 2% to 3 inches or more 
in thickness in the case of large engines, 
and this necessity would be avoided by 
the adoption of compounding, which ap 
pears quite practicable with the cycle just 
set forth. 

There is also some reason to believe 
that the inefficiency of the suggested plan 
of operations is not, in practice, fairly 
represented by the quantity of heat theo 
retically available in the products of com- 
bustion in their initial state, and in the 
final mixture. Extreme temperatures in- 
volve large losses by radiation and con- 
duction, which would be almost wholly 
suppressed in the Reeve engine, and 
water-jacketing would be unnecessary. 
On the other hand, the suggested engine, 
as compared with the ordinary steam 
engine, would suffer from its inability to 
work with a condenser, since an air-pump 
of truly colossal proportions would be 
needed to remove the gases carried out 
with the exhaust of the engine. Actual 
trial of a plant of the type proposed has 
been made by Professor Reeve, 
claims that from the purely mechanical 
standpoint it ran as well as a 
engine. No figures are, however, given 
as to the consumption of gas or as to thie 
probable capital cost of such a plant per 
rated brake horse-power. He 
however, one very interesting point, viz., 
that the temperature of the exhaust from 
the engine was well below 212 degrees 
Fahrenheit, although the pressure was, of 
course, above that of the atmosphere. This 
was rendered possible by the large ad 
mixture of non-condensible gases with the 
steam. Some, at least, of the advantages 
of a condenser would seem, therefore, to 
have been successfully realized. Neve! 
theless, this solution of the large-gas 
engine problem would seem too compli 
cated to have much commercial value, 
interesting as it undoubtedly is from 
the purely theoretical standpoint.—EFng! 
neering. 
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Inquiries 


Questions are not answered unless they are 
of general interest and are accompanied by 
ihe name and address of the inquirer. 








Auxiliary Field-magnet Poles 

(a) What is the advantage of the 
small extra poles between the main field- 
magnet poles of some electric motors? 

(b) If the extra poles are of real ad- 
vantage, why do not all motor builders 
use them? 

C. W. W. 

(a) They supply a magnetic field for 
reversing the current in those armature 
coils connected to the commutator seg- 
ments under the brush faces at any given 
instant and thereby prevent sparking dur- 
ing commutation. The coils on these poles 
are in series with the armature, so that 
the commutating field varies with the load, 
as it should for best results. These poles 
also prevent the armature reaction from 
shifting the magnetic field of the main 
poles into the commutating zone and 
thereby render commutation independent 
of the main field strength. This makes 
it practicable to control the speed of the 
armature by varying the main field 
strength without disturbing commutation 
and provoking sparking, and also without 
making the field magnet abnormally large. 

(b) For motors running at constant 
speed auxiliary poles are not required, be- 
cause the field strength is constant. 


Stationary and Automobile Engines 


Why is it necessary to use such heavy 
construction and low piston speeds in sta- 
tionary gas and oil engines, when auto- 
mobile engines of equal power are so 
much lighter and run at higher speeds? 

N. W. C. 


Because the duty of a stationary engine 
is more nearly continuous and its economy 
is more important. The automobile engine, 
if operated at full load and maximum 
speed 10 hours per day, would not show 
as favorable maintenance expense as the 
conventional stationary engine, although 
the materials used in its construction are 
much more expensive. Its high piston 
and valve speeds are not conducive to 
best economy in fuel per unit of delivered 
power, because the gasolene vapor and 
air cannot mix thoroughly in the brief 
time available, the friction of the in-rush- 
ing mixture and out-rushing exhaust is 
high, the cylinder does not usually get a 
full charge of mixture, and ignition can- 
not be advanced far enough to get thor- 
ough combustion without producing back 
pressure during the compression stroke. 
[sothermal Expansion 

Why is the expansion of saturated 
team along or near the hyperbolic curve 
referred to as isothermal expansion? Does 
not the temperature drop during the 
ictual expansion ? H. G. M. 

he hyperbolic curve represents the iso- 
thermal expansion or compression of a 
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perfect gas, therefore it is referred to as 
the isothermal curve. Steam expanding 
in an engine cylinder follows more nearly 
this curve than any other; hence the 
curve is used as the ideal one. The two 
facts are sometimes confounded, but it 
is true, of course, that the temperature of 
steam falls with the pressure during ex- 
pansion. 





Book Reviews 





INDUSTRIAL ALCOHOL. By John Geddes 
McIntosh. Published by Scott, Green- 
wood & Son, London. Distributed in 
America by D. Van Nostrand Com- 
pany, New York. Cloth; 258 pages, 


5x8% inches; 75 illustrations; 25 
tables. Price, $3. 


As an exposition of both theory and 
practice, this book is highly praiseworthy. 
The author explains the properties of 
alcohol in a very clear, non-pedantic style 
and describes in detail the various pro- 
cesses of manufacture, including the ap- 
paratus and equipment employed. He then 
outlines the industrial uses and applica- 
tions of alcohol. It is regrettable that 
the discussion of alcohol motors was not 
extended; only six pages are devoted to 
this important subject. 

STATIONARY STEAM ENGINES. Edited by 
William H. Fowler. Published by the 
Scientific Publishing Company, Man- 
chester, Eng. Cloth; 300 pages, 74%4x 
9% inches; illustrated. Price, $5. 

This book is made up largely of matter 
with emendations which have appeared in 
the columns of the Mechanical Engineer, 
of which Mr. Fowler is the editor. It 
has thus had the advantage of a submis- 
sion to a technically trained audience 
before being revised and offered in 
this form. The four-page introduction 
touches the mountain peaks of steam- 
engine development. After chapters upon 
types, general principles of design, and 
steam consumption, the author proceeds to 
consider the engine, member by member, 
the cylinders and valves, pistons, metal- 
lic packings, engine frames and bearings, 
etc., being topics of separate chapters. 
Governors and fly-wheel design are ex- 
ceptionally well covered. The author has 
had the advantage of an extensive supply 
of illustrative material to draw upon, and 
the book is replete with engravings. 


ELECTRICAL ENGINEERING. By H. H. Nor- 
ris. Published by John Wiley & Sons, 
New York. Cloth; 404 pages, 6x9 
inches ; 179 illustrations. Price, $2.50. 

This is an “introduction to the study of 
electrical engineering,” according to the 
author, but it is a pretty elaborate and 
comprehensive “introduction.” It is, more 
accurately, a general presentation of the 
rudiments of electrical engineering. Its 
scope embraces the whole field, from 
fundamental units to the repulsion and 
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compensated alternating - current motors. 
While the style of the book is that of the 
regulation college textbook, the contents 
are by no means academic in the sense of 
being abstruse or non-practical; the treat 


ment is simple—almost “popular.” Each* 
section of the book contains numerical 
examples which greatly facilitate the stu 
dent’s mental grasp of the principles in 
There are, unfortunately, many 
examples, 


volved. 
arithmetical 
most of which are pointed out on an 
errata sheet pasted in the front. The 
space devoted to some subjects is meager 
to skimpiness, notably in the 
transformers and alternating-current mo- 
tors, and the discussion of power stations 
is perfunctory, although redeemed to a 
considerable degree by some excellent dia- 
grams of plant lay-out. To those who 
wish merely to obtain a general ground- 
work’ a little better than superficial, the 
book should be valuable; for the serious, 
thorough study of electrical engineering 
we do not quite see where it comes in. 


Tue Gas Enoine. By F. R. Hutton. 
Published by John Wiley & Sons, 
New York. Cloth; 582 pages, 6x9 
inches; 241 illustrations. Price, $5. 

This is the third edition of Professor 

Hutton’s widely known textbook, and it 

bears evidence of extensive revision. A 

most useful table giving the properties ol 

a large number of fuel gases has been 

added; the chapter relating to the expan 

sion of combustion products has been am 
plified to advantage, and the producer de 
scriptions extended. Chapters V, VI and 

VII have not been brought up to date, nor 

anywhere near it, and one or two prac 

tically obsolete examples of internal-com 
bustion engine have escaped the prun 
ing knife. On the other hand, a some 
what disproportionate amount of 
space has been devoted to the carbureter 


errors in_ these 


cases of 


new 


this discussion, 
than 


of the automobile engine ; 
moreover, is 
analytical, and will doubtless become obso 


descriptive rather 


lete before the present edition is half sold. 


The chapters on ignition and governing 
remain wofully inadequate, as in the 
previous edition. The chapter on the 


Combustion Chamber and the Exhaust has 


been enriched by a discussion of mean 
effective pressure and tables of constants 
from Dr. Lucke’s “Gas Engine Design.” 
The section on theoretical analysis has 
likewise received attention, but the out-of 
date table of “usual” compression pres 
We 


engines 


sures has survived. venture to 
that no natural-gas 


built by intelligent makers within the past 


Say 
have been 
five years in which the compression pres 
sure was below 100 pounds at full load. 
One of the best additions to the book i: 
Chapter XX on costs of operation, al 
though, in view of the quantities of data 
that have become available during the past 
few years, this chapter should have been 
several times its present length, and corre 
spondingly exhaustive. 
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The Steam Path of the Turbine 


On page 429 we present an abstract of 
an interesting paper on the above subject, 
read by Dr, Charles P. Steinmetz before 
the American Society of Mechanical En- 
gineers on March 10. On account of the 
briefness of the time available for getting 
the abstract into type, it was impracticable 
to place it in the front part of the paper, 
where it should have appeared. 





Relative Cost of Butt- and Lap- 
joint Boilers 


The principal reason for the extensive 
use of the lap-joint boiler seam has been 
due to the belief that it is cheaper to con- 
struct than the butt-joint seam. The ap- 
parent cheapness in first cost is not suff- 
cient reason for choosing a lap-joint boiler 
rather than one of butt-joint construction. 
We say “apparent first cost,” because it 
is only apparent, the fact being that it is 
cheaper to build a butt-joint boiler than 
a lap-seam boiler of the same size and 
for the same steam pressure. For in- 
stance, it will cost about $1100 to con- 
struct a 72-inch boiler, 18 feet long, hav- 
ing a tensile strength of 58,000 pounds and 
a factor of safety of five, the working 
pressure being 132 pounds. In order to 
build a similar boiler with double-riveted 
seams, capable of operating at the same 
pressure, a shell 9/16 inch thick would be 
necessary, while the heads would have to 
be % inch thick. This would increase the 
cost of the boiler by about $65. Of course 
boilers of the above dimensions are not 
made with lap-riveted joints, but if they 
were the cost would be in favor of the 
butt-joint. This difference in cost, how- 
ever, applies to boilers of smaller sizes as 
well. These figures cannot, of course, 


apply to every boiler manufacturer, as’ 


wages differ vastly in different sections of 
the country, while the cost of transporta- 
tion of raw material will also be a deter- 
mining factor in the cost of the finished 
product. The cost will also depend upon 
the steam pressure to be carried. 
Although the work of constructing the 
butt-joint is more expensive than the lap- 
joint, the lower cost for the thinner plate 
required will more than offset the differ- 
ence. The factor of safety would also be 
lower with the butt-joint. The saving in 
the freight rates on the completed boiler, 
which would weigh about 600 pounds less, 
would be an additional saving on the first 
cost of the boiler. This would amount to 


considerable, providing it is to be trans- 
ported any distance. 

The recent agitation in Massachusetts, 
which resulted in prohibiting the sale of 
new lap-joint boilers, should not be much 
of a stumbling block in the path of pros- 
pective purchasers of steam boilers. While 
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it is possible to obtain a suitable boiler 
with butt-joints for less money than the 
lap-joint boiler, or at the same price, the 
purchaser should not find very much fault 
if laws are made compelling him to buy 
the better make of boiler. 





The Significance of the Solution 


The Engineering Record, in response to 
a correspondent, tells in a recent number 
about the use of the salt and oxalic-acid 
solution for burning ashes in the New 
York public school buildings. It explains 
that from 10 to 20 per cent. of the bulk 
of the “ashes” was found to consist of un- 
burned coal, and the plan was devised of 
re-firing these ashes direct from the ash- 
pit to the furnace unchanged, except for 
moistening with the oxalic-acid solution. 

This is a quite different proposition 
from that contained in the original cir 
cular to the janitors, which instructed 
them to use a mixture of one part coal to 
two parts ashes, and after having used the 
ashes once to “re-use it again when moist- 
ening the same with solution.” We recall 
it now just by way of introduction to the 
following letter addressed to the editor 
of the Engineering Record by another 
correspondent : 


Dear Sir: 


The detailed information on “burn- 
ing ashes,” contained in an editorial 
note in your issue of February 29, en- 
courages me to hope that you may be 
able to supply some further and much 
desired information on the same sub- 
ject. 

You state that in burning anthra- 
cite in the furnaces of the New York 
public schools often as much as 10 to 
20 per cent. in bulk of the ash con- 
sists of coal or cinders, and that by 
sprinkling this ash and cinders with 
a solution of salt and oxalic acid it 
has been possible to reduce the fuel 
consumption by 15 to 50 per cent., the 
average saving being in the neighbor- 
hood of to per cent. 

Now, I would especially like to 
learn what the significance is of the 
salt and oxalic acid. These sub- 
stances cannot increase the heat 
evolved by the combustion of carbon 
to CO., nor will they by their own 
combustion, in the quantities used, 
give out any appreciable amount. of 
heat, and even if they did, it would 
probably be cheaper to buy more coal 
than to buy salt and oxalic acid. 

If the salt and oxalic acid act as 
a flux and thus make it possible to 
burn cinders mixed with a great ex- 
cess of ash, this fact should be ex- 
plained and made known to engineers 
generally. If this is not the case, it 
would seem that the sprinkling is a 
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sort of superstitious rite, and that 
perhaps careful and intelligent ma- 
nipulation of the fire would give just 


as great coal economy without the 
addition of the “holy water.” 

I would further suggest that the 
continued use of salt and oxalic acid 
might in the end prove injurious to 
the boilers and other metallic surfaces 
with which the flue gases come in 
contact; at least, it has been found 
that when salt is thrown upon clay 
ware in kilns, hydrochloric acid is 
evolved, which is very corrosive to 
induced-draft fans, ete. 

Trusting that you may be able to 
enlighten me on the above points 
through the medium of your esteemed 
journal, I am, 

Yours very truly, 


G. H. G. 





A. Will o’ the Wisp 


When a man who knows what he is 
about unloads a fake on the public, that 
is common, vulgar stealing; when an 
“inventor” imagines himself to have over- 
turned physical laws and wheedles the 
public into supplying money to carry out 
his plans, that is unconscious swindling. 
It is the latter occupation in which the 
Decker Electrical Manufacturing Com- 
pany, of Wilmington, Del., is engaged. 
This company is selling stock for the 
purpose of marketing a primary battery 
cell “invented” by Frank A. Decker, who, 
we feel sure, really believes and has con- 
vinced his associates that his battery is a 
legitimate bonanza. The sincerity of 
those concerned is indicated by their hav- 
ing had tests of a Decker battery made 
by Dr. Carl Hering, a chemical engineer 
of recognized standing. Their fatuity 
is equally well demonstrated by their 
optimistic enthusiasm based on Doctor 
Hering’s test, which showed an output of 
not quite 10 watt-hours per pound of 
complete cell. 

These deluded creatures announce with 
an elation that is pathetic that the 
Decker battery will supply  electrica 
power at an expense of 47 cents per kilo- 
watt-hour, gross, or 20 cents if the zinc 
is reclaimed from the polarized elec- 
trolyte. Disregarding the absence of 
practical details as to the process of re- 
claiming the zinc, it is pitiful to think of 
anyone being so irrational as to try to 
commercialize a scheme for producing 
energy on any _ considerable 
scale at 20 cents per kilowatt-hour. It 
reminds us of another engineering im- 
becile who assured us in great glee that 
he had a gas producer and engine cap- 
of developing power for five cents 
per brake horse-power-hour, not includ- 
ig fixed charges. 


electrical 
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Power Generation in 2208 


CONTRIBUTED 


This subject is of little or no practical 
interest to the readers of Power. How- 
ever, when one stops to consider the 
problems to be overcome in the future 
it is very easy to see along what lines 
power-generating plants must develop in 
order to solve these problems. The 
writer is an enthusiast on the subject of 
the internal-combustion engine; while 
working out some new ideas along that 
line, his thoughts wandered from the 
present to the future and some ideas new 
to him presented themselves with results 
rather startling. 

Let us assume that in 2208 the world’s 
supply of coal and oil will be exhausted. 
This supposition is most likely correct 
for practical purposes. I believe I have 
seen three hundred years stated as the 
time necessary to exhaust the fuel de- 
posits. At the end of that time the sup- 
ply of mineral fuel must at least be de- 
pleted enough to have a great effect upon 
power generation. What will be the effect 
of this upon the world’s work? The last 
one hundred years have seen the steam 
engine develop at an almost incredible 
rate. From pressures not over 20 pounds 
the maximum pressure has increased to 
600 pounds, in steam plants of the highest 
state of perfection. 
developed from plants not exceeding 200 
at the most up to plants which generate 
100,000 horse-power. As far as can be 
seen there is no tendency toward letting 
the development of the steam engine rest 
here. We have recently seen a steam 
liner take her maiden trip across the 
ocean driven by a _ 70,000-horse-power 
steam plant and have heard rumors of 
still greater liners to come. All this is 
tending toward an earlier depletion of the 
fuel deposits of the world. 

When this time comes, is the world 
going to contract its development and 
revert to a more pastoral mode of living? 
Owing to the elaborate systems of com- 
munication between the different parts of 
the world this would seem impossible. It 
would seem that our present civilization 
had come to stay and that there will be 
no more “lost arts.” The contact between 
the different races and nationalities will 
keep each posted on the progress of the 
other and the natural spirit of rivalry 
between the different sections will keep 
the world, as a whole, keyed up to the 
highest pitch. 

Whatever ultimate result 
upon civilization, it is hard to see how 
the generation of power can be much cur 
tailed. Under this condition merely a 
substitute for coal and oil must be ob 
tained. There can be but two substitutes 
for these fuels, and they are wood and 
alcohol. In wood and alcohol the world 


The horse-power has 


the may be 


$27 


has a perpetual supply of fuel, because 
these two fuels can be produced in years 
at least, where the mineral fuels require 
centuries. Wood as a fuel does not offer 
much, the 
power generation up to its present stand 
Where 
needs years for its growth, alcohol can 
be made in weeks; while wood is bulky, 
alcohol is compact; wood has a low ther 
mal value, alcohol has 


however, in way of keeping 


ard; alcohol is different. wood 


a relatively high 
value. The whole problem will become 
merely one of producing enough alcohol 
to generate power where no water power 
exists. As the 
alcohol can be 


understands it, 
from 


writer 


made any sour or 


fermented waste and it is especially well 


suited to become a by-product of the 


farms. When the world’s work depends 
upon alcohol for a fuel we may expect to 
find a little still on every farm and to 


have every country village and hamlet a 
forwarding station the fuel. 

Granting that look 
ahead into the 
correct, how is the fuel to be used? To 
When 
the world is so hard pressed for fuel that 


for world’s 
this 


future is in 


attempt to 
the general 


this there can be but one answer. 


it is compelled to manufacture it, this fuel 
will become much more precious than it 
Alcohol will be 


tirely in the internal-combustion engine, 


is at present. used en 
where it. will do at least twice the work 
The 


ratio quoted is the present one, but in the 


that it could in the steam engine. 


future it may be increased considerably. 
It certainly is not easy to see how the 
steam engine can be improved and we do 
know that the explosion engine is making 
rapid strides in its struggle the 
steam engine for supremacy. 

The condition of things here set forth 
should be very encouraging to those who, 
like the writer, giving their best 
efforts to the advancement of the internal 
combustion engine. 


with 


are 


For our life time, at 
least, the fight between the “steam-engine 
man” and the “gas-engine man” will be 
sharp. It is a fortunate condition of affair 
that at present the internal-combustion 
engine is pushed hard by the steam en 
gine on account of the flexibility of the 
steam plant and its reliability. 
spur on designers and builders of inter 


This will 


nal-combustion engines to the evolution 
of machines which will earn the full and 
absolute confidence of the engineering and 
engine-buying 
gained in the internal-combustion engine 
will never be lost again, and the solution 
of a “coalless age” will be at hand. 


public. Confidence 


once 





\ newspaper report from Portland, Me 
states that Alfred S. Black, Rockland, M« 


and associates, have bonded both sides of 


Back Bay, near Portland, with the inten 
tion of establishing a tidal-power plant 
capable of developing 25,000 horse-powe1 
\n experimental station at Thomaston, 
Me., has been in operation for several 
years, after designs by William 


() Wel 


ber, a mechanical engineer, of B 
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Power Plant Machinery and Appliances 


Devices 


Used 


Original 
No 


Descriptions 
Manufacturers 


of 
or 


Cuts 


Power 
Write-ups 





MUST BE NEW OR 


United States Boiler Furnace 


The object of this furnace is to promote 





head. The injectors are so placed that 
the current of steam and air are directed 
diagonally across the furnace, striking the 
flue as shown at B, causing a portion of 














F1G. I. 


combustion by introducing the proper 
amount of air into the furnace at dif- 
The air injectors A, Fig. 
Fig. 2, contain steam jets, 


ferent points. 
1, and 4 A, 
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SIDE VIEW OF 


FURNACE 


the flame to strike the sides of the boiler 
shell. 

The bridge wall contains a manifold set 
in an air space 5x5 inches contains 
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EXCELSIOR COMMUTATOR TRUING DEVICE 


the air supply being regulated by a re- 
volving 


shutter placed in the injector 





steam jets set as shown in Fig. 2, the air 
supply being taken through the side wall. 





INTERESTING 


The manifold is removable in case repairs 
are necessary for replacing burnt-off jets. 
The device can be applied to any fur 
nace without changing the setting, and it 
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FIG. 2. POSITION OF STEAM JETS 


is said to conform with any smoke ordi 
nance now in force in the United States. 
This furnace is manufactured by the 
United States Furnace Appliance Com- 
pany, 612 Farmers Bank building, Pitts- 
burg, Penn. 





Commutator-truing 
Device 


* Excelsior” 





A machine new to the greater number 
of lighting and power-plant engineers is 
the “Excelsior” commutator-truing device 
manufactured by the Tschudi-McBarron 
Machine Company, of Dayton, O., and 
illustrated herewith. The device can be 
applied to generators having commutators 
not more than 15 inches wide. It is de 
signed so that the base may be bolted to 
the floor, the upper portion or column 
being slotted and fitted with a tightening 
screw equipped with a swing-handle. As 
the upper portion of the tool only weighs 
about 50 pounds, the operator can easily 
adjust it to a hight of 20 inches, or lower 
it to 14 inches above the floor level, giv 
ing a vertical adjustment of 6 inches. The 
cross-feed is 15 inches and the in-and-out 
feed 5 tnches. 

The upper portion of the design is 
merely a tool-holder fitted to a table and 
operated by means of a long feed-screw, 
the handle of which may be changed | 
either end. The feeding of the cutting 
tool is accomplished by means of a feed 
screw, so that any desired chip may be 
cut. With the device in place and the 
tool properly adjusted, it is an easy mat 
ter to true up a commutator, with tic 
engine turning slowly. 
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The Franklin Oil Filter, Type B 





An oil filter to be efficient must be so 
designed as to thoroughly filter the oil 
with the greatest rapidity. A filter which 
seems to be designed to accomplish this is 
the “Model B” Franklin oil filter, here- 
with illustratéd, manufactured by the 
Franklin Filter Company, 308 North Com- 
mercial street, St. Louis, Mo. 

It will be seen that the dirty oil enters 
the strainer chamber, where the coarser 
particles of impurities are caught, the re- 
mainder passing down in the direction 
shown by the arrows to the bottom of the 
tank, where the heavy impurities are de- 
posited in the water. The oil then passes 
under the deflecting wall and flows hori- 
zontally over precipitating traps. The im- 
purities which are deposited in each trap 
as the oil passes over it ar: permitted to 
find their way to the bottoin of the filter 
through the small opening in the bottom 
of the trap. 

The filter is supplied with a steam 
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FRANKLIN OIL FILTER 


jacket so that while in the refining cham- 
ber the oil is treated to che proper puri- 
fying temperature, which assists in re- 
leasing the impurities and depositing them 
in the traps. After the oil has passed over 
the precipitating pans it passes through 
the filter bag, which removes the lighter 
impurities, and the oil then enters the 
clean-oil section of the reservoir. The 
filter is equipped with two gage glasses, 
to indicate the condition and amount of 
oil in each chamber. 





(he Buyers’ Club, of St. Louis, Mo., 
has a $4,000,000 building now in process 
ot construction, -the first floor of which 
will be devoted to general display, dem- 
Onstration and advertising, the basement 


to demonstrating engines, machinery, 
tools, ete. while 16 floors will be oc- 
cupied solely by sample rooms. Power 
will be provided for every purpose. The 


building company proposes to pay the 


fares to St. Louis, each year of 10.900 
buy ors 
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THE STEAM 





PATH 


OF THE TURBINE 





In his paper upon the above subject 
presented at the March meeting of the 
American Society of Mechanical Engi- 
neers, Dr. Charles P. Steinmetz evolves 
the following formula for the energy de- 
veloped by the adiabatic expansion of 
steam: 


— 0.06 { (4. on (#2 ae 
Bm one 1) ») § 
where E = The energy in kilogram-meters 

per kilogram of steam, 
p1 = Initial pressure 
p: = Final pressure 
fo =Pressure at which steam of 
the given quality would reach saturation 
if expanded adiabatically. 

For saturated steam, where pi: = fu, the 

formula becomes 


; { D2 0.112 
£? = 78,700 po J 1 — . 
( po 

These formulas are based on exponen- 
tial expansion curves of which the ex- 
ponents are 1.064 for saturated steam and 
1.126 for adiabatic expansion. The total 
energy available in the steam when ex- 
panded to zero (that is, when p20) is 
given by the equation 


pi° 112 
— 


which, for saturated steam, becomes 


Eo = 78,000 — 7°94 py V;, ’ 


£° = 78,700 po °° = 7.94 po Vo. 


In these formulas, the volumes V> and 
V; are those corresponding respectively 
to the pressures Po and p:. All of the 
pressures are in kilograms per square 
meter, absolute, and the volumes are in 
cubic meters per kilogram of steam. 


MoiIsTuRE AND SUPERHEAT 


For the proportion of moisture in the 
steam at any given pressure p, Dr. Stein- 
metz derives the equation 


ak 


from which it follows that the “dryness 
fraction” (usually represented by -) is 


ara 


and the pressure at which steam, by adia- 
batic change, would become saturated is 


po = § 19.238 » 


y=1—( 


p and 6 are, of course, the coexistent 
pressure and dryness fraction prior to the 
change producing saturation. 





When the value of p is greater than 
that of ~ the steam is superheated, of 
course, and the superheat, being consid- 
ered as negative moisture, may be repre- 
sented by 


pf BF renee, 


Using empirical formulas for the spe- 
cific heat of steam and for its latent heat 
of evaporation at constant temperature, 
the author works out the following equa- 
tion for the moisture equivalent of 6 
degrees (Cent.) of superheat: 


p \o0s 
i 104 = 
1390 224 ( £ - 


On the basis of his empirical formula 
for latent heat, the change of moisture 
or of superheat produced by the addition 
of one kilogram-meter of heat energy to 
the steam is 


T 
AyzAti= 


93 9° 


p 0.19 
272,c00 — 43,800 ( — ) 


and the new saturation pressure, p’ , 
established by the input of a kilogram- 
meter of energy is 


' p 
p= 
| 1 (2 0.052 
0.052 n ; p \ 9.193 ‘z) 
\ 272,000 — 43,800 ( an ) 
VELOCITIES 


He then proves that, when expressed 
as a fraction of the total velocity pro- 
ducible by expansion into the vacuum, 
the velocity of the steam depends only 
on the pressure ratio, not upon the abso- 
lute pressures nor upon the quality of the 
steam. 

With an impulse wheel the most eco- 
nomical velocity parallel to 
the jet is one-half the jet velocity. 

With a reaction wheel the most eco- 
nomical velocity parallel to 
the jet is that of the jet itself. 

A combination wheel— impulse at the 
entrance and reaction at the exit —ab- 
stracts twice the wheel velocity in two 
and so has the 


component 


component 


successive expansions 


most economical wheel velocity at 


where v is the velocity due to expansion 
through the total pressure range. 

The types of turbine require, 
therefore, the following velocities, respec- 
tively: 


three 











430 
Impulse Reaction Combination 
Vv : . i 
elocities 2 v v3 
Ratios : 1 2 1.41 


With an economical range of steam 
pressure it is not possible to abstract 
economically the jet velocity by a single 
reaction or combination wheel; while 
with a single-impulse wheel it seems 
possible, as in the De Laval, only at 
limited outputs and by going close to the 
limits of mechanical strength of materials. 

It is necessary therefore, in the steam 
turbine to convert the steam energy into 
mechanical rotation in a number of suc- 
cessive steps. In the reaction turbine and 
the combination turbine, these successive 
energy steps of necessity are pressure 
steps or expansions, while in the impulse 
turbine pressure steps, or stages, and 
velocity steps are feasible. 

As the velocity varies with the square 
root of the energy, a reduction of the jet 


. , I 
velocity and so the wheel velocity o— 


requires n* energy steps or pressure steps, 
or expansions. 
In the impulse turbine, instead of con- 


Pressure ratio 


POWER 


energy loss by wheel friction, windage, 
etc., and increases the simplicity and the 
reliability of the turbine, but increases 
the energy loss by steam friction and 
degeneration, due to the higher jet velo- 
city; and the proper number of pressure 
steps, and of velocity steps in each pres- 
sure step, is a problem as determined by 
considerations of efficiency. In general, 
in slow-speed turbines a larger number 
of velocity steps per pressure step or 
stage is economical than in high-speed 
turbines. 


THE STEAM PASSAGES 


The author demonstrates that the 
minimum section of the jet is at the point 
where the pressure has been reduced by 
expansion to 0.579 of the initial, and is 

= 57.5 

:= “po po 
square millimeters per kilogram of steam 
per second. This is called the “throat” of 
the nozzle, and the section of the steam 
jet, expressed by its ratio to ihe throat 
or minimum section, when the expansion 
has extended to any pressure p, will be 
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volume, but beyond this point the volume 
increases faster than the velocity requir- 
ing a greater area. 

The shape of the nozzle depends upon 
the distribution of pressure or velocity, 
and the rate of energy conversion. Fig. 
2, for instance, indicates what would 
be the shape corresponding to a con- 
stant rate of energy conversion. A lower 
rate of energy conversion leads to a lon- 
ger nozzle, or steam passage, and so 
greater friction losses; a more rapid rate 
of conversion to irregularity of the velo- 
city and a greater divergency of the out- 
flowing steam jet, so that efficiency con- 
siderations determine the design of the 
nozzle or steam passage regarding its 
energy distribution. The efficiency of 
conversion of a well-designed nozzle is 
very high, giving a mean velocity of the 
steam jet as high as 97 to 98 per cent. 
and more of the theoretical jet velocity. 

The auther then shows how the kinetic 
energy of the steam is converted into 
mechanical motion, tracing its path 
through the turbine as shown in Fig. 3. 

In the multiple-wheel impulse turbine, 


Velocity ratio 








Section of steam jet 














12 14 .16 013 .20 .22 .24 26 28 .30 .B .3f 36 
| v! T T T T T 
i ae = 


Section of steam jet 











verting the total jet velocity v in a single 


. ; v 
wheel having a velocity s of ~ the same 


steam jet can be sent successively through 
a number of wheels, and with n wheels, 
each abstracting velocity 2s, the theoreti- 


— v , 
cal wheel velocity is s = That is, 


. I 
to reduce the wheel velocity to —- at the 


same jet velocity requires m wheels in 
tandem, or n velocity steps. 


While m pressure steps reduce the 


wheel velocity only to a of that of 


m 
a single step, m velocity steps reduce the 


F I P 
wheel velocity to is and velocity steps 


are far more effective than pressure steps, 
in reducing the speed of rotation. 

The use of velocity steps in the im- 
pulse turbine reduces the total number 
of revolving wheels and reduces the 
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the first equation being based on the 
pressure ratio and the second on the 
velocity ratio. Figs. 1 and 2 give the 
steam section of nozzles with the throat 
or minimum section as unit ordinate, and 
with the pressure ratios” and the squares 

; ae ss oe 
of the velocity ratios (2) as abscissas, 
respectively. 

Up to the point where the pressure in 
the nozzle is greater than 0.579 of the 
initial pressure the nozzle contracts, for 
the energy developed is sufficient to gen- 
erate velocity in excess of the increase of 


in successive wheels the entrance and exit 
angles gradually increase, from the noz- 
zle toward the exhaust, due to the de- 
crease of velocity by the abstraction of 
the speed at every transition between 
moving and stationary elements; the tan- 
gential velocity of the steam decreases, 
from a maximum, and nearly equal to 
the total steam velocity, at the nozzle 
mouth, to practically zero at the exhaust 
from the last wheel. The axial velocity, 
however, decreases only in proportion to 
the increasing hight of the steam pas- 
sages, and so remains more nearly unal- 
tered, as it is the velocity which passes 
the steam through the passages in wheels 
and intermediates. The ratio of these 
velocities, or the tangent of the entrance 
and exit angles, increases rapidly, as seen 
in Fig. 3. 

In the combination turbine, with 
pansions in every wheel, as a rule the 
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jet and vane velocity do not greatly dif- 
fer, and all the entrance angles are large, 
approximating 90 degrees, while the exit 
angles are small, the former correspond- 
ing to the low relative steam velocity at 
the entrance, the latter to the higher 
relative velocity at the exit after ex- 
pansion. 

It is obvious that many considerations 
of design, regarding mechanical construc- 
tion, efficiency as resulting from a com- 
promise between the different losses, etc., 
more or less modify the above theoretical 
reasoning, but cannot be discussed in a 
short paper. A number of other condi- 
tions also require consideration, for in- 
stance, during the passage of the steam 
through a number of successive wheels, 
starting as a jet in a tangential plane, 
and curving in the steam passages of 
radial walls, from the lateral deflection, 
results in an increase of the radial dis- 
tance of the steam jet during its passage, 
that is, a “radial deflection of the steam 
jet,” as shown in Fig. 3, which then re- 
quires an increase of the pitch diameter 
of the successive steam passages of suc- 
cessive wheels of the same pressure step. 


Tue LossEs*AND THE ENERGY FLow 

Investigation of the steam path of the 
turbine, together with a knowledge of 
frictional constants and their variation, 
allow a study of the components of the 
output and the distribution and magni- 
tude of the losses, and therefrom a de- 
termination of the energy flow in the 
turbine. Illustrating this on a multi-stage 
multiple-wheel impulse turbine: 


POWER 


from the potential energy of steam, in 
the expansion nozzles. Kinetic energy of 
steam is consumed by steam friction and 
eddies in the nozzles, wheels and inter- 
mediates, and is consumed by rejection 
in the exhaust of each pressure step. 
Potential energy of steam is produced 
from the heat energy derived from the 
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from stage to stage is partly recovered 
in the lower stages, in the same way. 
The different forms of energy losses 
are not equivalent, since the losses of 
kinetic and potential energy multiply with 
the efficiency of conversion from kinetic 
potential energy respectively to mechani- 
cal energy, in their effect on the output. 
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conversion of the energy losses into heat, 
in the form of an increase of the quality 
of the steam, that is, decrease of the 
saturation pressure 4, and of the mois- 
ture, and potential energy is consumed by 
the leakage between the stages. 

Heat energy is produced by all the 
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FIG. 3 


Mechanical energy of rotation is pro- 
duced from kinetic energy of steam, in 
the steam passages of the rotating wheels, 
and mechanical energy is consumed by 
conversion into heat, by friction and 
Windage at the surfaces of the revolv- 
ing wheels and in the bearings. 

Kinetic energy of steam is produced 


above energy losses, and is consumed by 
radiation. 

The energy consumed by mechanical 
and steam friction is not entirely lost, ex- 
cept in the last and lowest pressure step, 
but a part of it is recovered in the lower 
pressure steps or expansions, and the 
potential energy of the steam leakage 


That is, if yo = efficiency of conversion 
of the kinetic energy of the steam into 
mechanical rotation, y = efficiency of con- 
version of the potential energy, or total 
available energy, of the steam into me- 
chanical energy, a loss of L kilogram- 
meters of mechanical energy lowers the 
output by L kilogram-meters, but a loss 
of L_ kilogram-meters kinetic steam 
energy lowers the output only by » Z 
kilogram-meters and a loss of L kilo- 
gram-meters of potential energy only by 
vy L kilogram-meters, without counting 
the energy recovered in the lower ex- 
pansions. 

Starting then with the total available 
potential steam energy as it enters from 
the steam supply as 100 per cent., the 
chart, Fig. 4, presents the log of the 
energy conversion in a steam _ turbine 
having two pressure steps or stages, and 
three velocity steps or wheels in each 
stage. 

The reading of the paper was followed 
by an interesting discussion, which we 
hope to publish next week. 





Personal 





William E. Dodds has resigned as head 
of the steam-engine department of the 
Allis-Chalmers Company. His connection 
with the company dates back to the regime 
of Edward Reynolds, of whom Mr. Dodds 
was an active assistant for a number of 
years, and since the retirement of his old- 
time chief he has been a prominent factor 
in the development of the steam-engine 
department of the company’s works. 
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Business Items 





The new pumping station of the Buffalo water 
works is equipped with a 30-ton alternating-cur- 
rent. traveling crane, of about 70 feet span, 


furnished by the Northern Engineering Works, 
of Detroit. 


The Berry Engineering Company, of Chester, 
Penn., recently equipped several boilers in the 
different plants of the Philadelphia Rapid Tran- 


sit Company, Philadelphia, with feed-water 
regulators. 


Edward H. Ludeman & Company, 42 Broad 
way, New York, will in future represent the 
Detroit Stoker and Foundry Company, of De- 
troit, Mich., throughout the Eastern States, 
and for the export trade, for the sale of the 
Detroit automatic stoker. 


The general offices of the Wheeler Condenser 
and Engineering Company have been removed 
from New York City to the factory at Carteret, 
N. J. The New York sales office has been re- 
tained, however, at room 1009, West street 
building (90 West street), under the manage- 
mentfof George D. Atwood. 


The Parker Boiler Company, of Philadelphia, 
reports recent sales as follows: Three 234- 
horse-power boilers for the Quincy Mining Com- 
pany, Hancock, Mich.; one 116-horse-power 
boiler for the City Laundry Company, Pueblo, 
Colo.; two 122-horse-power boilers for the 
Hawaiian Pineapple Company, Honolulu. 





New Equipment 





A power plant, to cost $70,000, will be erected 
for the Presbyterian Hospital at 301 Hermitage 
street, Chicago, Ill. 


The Krey Packing Company, St. Louis, Mo., 
is having plans prepared for a cold-storage and 
curing plant to cost $150,000. 

The Board of Light and Power Commissioners, 
Marquette, Mich., has decided to build a sub- 
station to cost about $12.000,% ith] 


The Seattle (Wash.) Electric Company will 
expend about $1,500,000 in improvements at 
its power plant in Georgetown. 


The city of Farmington, Mo., will construct a 
municipal electric-light plant to cost about 
$25,000. S. L. Asbury, city clerk. 

The Independence (Kan.) Electric Company 
contemplates building more pole lines and will 
probably install another gas engine. 

The citizens of Easton, Md., will vote on issuing 
$30,000 bonds for the construction of a municipal 
electric-light, heat and power plant. 

The Oregon Electric Railway Company, Port- 
land, Ore., is planning the construction of a 
substation and a branch line 21 miles long. 

The citizens of Norman, Okla., voted to issue 
$45,000 bonds for water works and $35,000 for 
&@ sewerage system. John E. Miller, mayor. 

The City Council of Macon, Ga., granted a 
franchise to the Citizens Electric Company, who 
will construct a plant, to cost about $100,000. 





New Catalogs 





The Strong, Carlisle & Hammond Company, 
Cleveland, Ohio. Catalog. Squires steam 
specialties. Illustrated, 44 pages, 6x9 inches. 

Jacobson Machine Manufacturing Company, 
Warren, Penn. Bulletin F. Gas and gasolene 
engines, hit and miss type. Illustrated, 16 
pages, 6 x 9 inches. 


General Electric Company, Schenectady, N. Y. 
Bulletin No. 


4566. Tantalum incandescent 
lamps. Illustrated, 12 pages, 8x104 inches. 
Bulletin No. 4571. Tungsten lamp for street 
lighting.- Illustrated, 4 pages, 8x104 inches.” 


POWER 
Help Wanted 


Advertisements under this head are inserted for 
25 cents per line. About six words make a line. 
AN ENGINEER in each town to sell the best 
rocking grate for steam boilers. Write Martin 
Grate Co., 281 Dearborn St,, Chicago. 
WANTED—Reliable manufacturers’ agents to 
handle the Riblet Transverse Current Feed Water 
Heater. Liberal terms. Address The Riblet 
Co., Erie, Pa. 
WANTED—tTerritorial agents and salesmen 
on liberal commission to demonstrate to users 
a high-class hydraulic packing. Address Car- 
michael & Haas, 109 Liberty St., New York City. 
SALESMAN for your state for remarkable fuel 
and labor saving device for boilers selling for 
$50. Over 20,000 in use in the U. S. and Canada. 
-Also hardware salesman to carry as side line 
our wonderful newly patented spirit level, 
Diamond Power Specialty Co., Detroit, Mich. 


Situations Wanted 

Advertisements under this head are inserted for 
25 cents per line. About six words make a line. 

MECHANICAL DRAFTSMAN AND ESTI- 
MATOR on power house work and high and low 
piping, wishes position. ‘‘ A,’ POWER. 

POSITION as teacher of applied mechanics 
or experimental engineering in a technical school 
or university by a man holding a similar position. 
Address ‘“‘ Instructor,’”” Power? 

BY COMPETENT MECHANICAL ENGI- 
NEER, with thorough practical and theoretical 
education, position as superintendent, salesman 
or erecting engineer. Best of references will be 
given. Box 33, Power. 

ENGINEER with central station experience, 
understanding Curtis turbines and reciprocating 
engines, desires plant. Owns indicator and good 
kit of tools. Age 32, married, sober. Refer- 
ences. Box 36, Power. 


WANTED, position as superintendent of light 
or power plant. Eight years’ experience in d.c 
and a.c 1-2-3 phase. ave Chicago first class 
steam engineer’s license. Good reasons for 
changing. References from state and largest 
electrical company in the U. S. Address F. L. 
James, Syracuse, Ind 

POSITION WANTED as assistant superin- 
tendent or chief engineer of a light and 


ower 
company of steam, water or gas. Am a technical 
man with eight years’ experience in central 


station construction and operation; expert on 
all meter work, armature winding and repairs. 
Am at present employed but desire a change. 
Western states or. Mexico preferred, but will go 
abroad. Box 37, Power. 


For Sale 


Advertisements under this head 
serted for 25 cents per line. 
make a line. 

150 HORSE POWER tandem compound 
Corliss engine; in good order; 16 ft. fly-wheel. 
F. W. Iredell, 11 Broadway, New York. 

FOR SALE, at a reasonable price, two 60 H. P. 
vertical engines, 12”x12”; one 15 H. P. wall 
engine, 6”’x10”. American Bank Note Com- 
pany, 86 Trinity Place, New York. 


Alphabetical Index to 


are in- 
About six words 
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How a Refrigerating Plant Was Remodele 


Electric Equipment of a Packing House Discarded and Gas 
Engines Substituted, with Marked Improvement in Efficiency 





BY 





If designers of steam and refrigerating 
plants could determine positively the fu- 
ture requirements of such plants there 
would be less necessity for remodeling 
and, in many instances, reconstructing 
within a few years. As such demands can- 
not be foreseen, installations capable of 


doing the work satisfactorily today are 








WARREN 


O. 


more in evidence since the gas producer 
and gas engine have become perfected, 
practically. 

The particular case with which this 
article is to deal is that of a refrigerat- 
ing plant in a packing house. The origi- 
nal equipment consisted of one 15-ton ice 
machine, 


driven by a  25-horse-power 





ROGERS 


force, it was thought best to remodel the 
plant, discard the motors and substitute 
gas engines to operate on natural gas at 
30 cents per 1000 cubic feet. 

ENGINES OPERATE ON NATURAL GAS 
It was decided to install,one 100-horse- 
Bruce - Merriam - Abbott 


power vertical 











handicapped tomorrow, and are next to 
wort the day after. There 
humerous reasons why it is necessary to 
remodel steam and refrigerating plants. 


less are 


The original capacity may have become 
incapable of taking care of an increased 
load, the machinery may have become old 
tis, and inefficient, or it may, be advisable to 


change from one type of motive power to 
another. This last reason is becoming 
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ENGINE AND COMPRESSOR ROOM 


shunt-wound motor, 
motor and one of 10 horse-power. The 
25-horse-power motor was belted to a 
line shafting which in turn was belted to 
the ice machine. Owing to the steadily 
increasing load in the motors, which 
varied from 5 to 35 per cent. above their 
rating, thus making the installation un- 
economical to operate, although a rate of 
2 cents horse-power-hour was in 


one 15-horse-power 


per 


twin-cylinder natural-gas having 


14x14-inch cylinders, and operating at a 


engine 


speed of 260 revolutions per minute; one 
100-horse-power Rathbun three - cylinder 
vertical natural-gas engine having 11x13- 
inch cylinders, and operating at 280 revo- 
lutions, and one 12-horse-power twin- 
cylinder vertical natural-gas engine direct- 
connected to a_ 10-kilowatt 
wound 125-volt generator. 


compound- 
The motor in- 
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stallation consisted of a total of about 
28 horse-power. There was also installed 
a 35-kilowatt 125-volt compound-wound 
generator. A new I1Ix22-inch ammonia 
compressor of 40 tons refrigerating capa- 
city, requiring approximately 80 horse- 
power under full load, at 60 revolutions 
per minute, was also installed, as well as 
one motor-driven air compressor for 
charging the air tanks for starting the gas 
engines. 

Fig. 1 shows the engine and compres- 
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15 Ton Ice Machine 














and Shafting 





POWER 


motor driving the old compressor, and to 
keep the old line-shaft in operation while 
the new line-shaft was being placed in 
position, both coming in at almost the 
same place, a somewhat difficult task. This 
was overcome, however, by running the 
new line-shaft as close to the old one as 
possible without placing the pulleys in 
position. The new compressor had to be 
rolled to as near its final position as exist- 
ing conditions permitted, as it would be 
impossible to get it past the gas engines 
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engine was put on, which could be easily 
accomplished, as the original shaft did not 
extend out beyond the original wall par- 
tition, while the gas engines were placed 
on the other side. After the large gas 
engine had been tested out and found to 
operate satisfactorily, it was belted to the 
new line-shaft and plans made for put- 
ting the driving pulley on the other end 
ef the shaft for driving the old 15-ton 
compressor. When all was ready, and 
the weather favored, the motor was shut 
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FIG. 2. PLAN OF ENGINE AND COMPRESSOR ROOM 


sor room after the machinery was in- 
stalled and in operation. Fig. 2 shows 
a plan of the same, giving an idea of the 
restricted area and the difficulty encoun- 
tered in placing the new machinery, at the 
same time keeping the old machines in 
operation, as was absolutely necessary in 
order to prevent the goods in cold storage 
from spoiling. Fig. 3 shows a plan of the 
original plant. 

It was necessary to locate the new 40- 
ton refrigerating machine in the same 
place occupied by the 25-horse-power 


once they were installed. Fig. 1 shows 
how impossible this would have been. 


How THE CHANGE Was MADE 


The first procedure was to remove the 
brick partition shown in Fig. 3 and to con- 
struct the foundation for the two 100- 
horse-power gas engines. The new ice 
machine was then moved in past the 
engine foundations and the large Bruce- 
Merriam-Abbott engine put in place. At 
the same time the friction clutch for the 
driven pulley on the line-shaft for this 


down, the old line-shaft dismantled, the 
new driving pulley placed on the new line- 
shaft and. the belt driving the compressor 
cemented, the whole operation requiring 
only five hours from the time the motor 
was stopped until the gas engine was 
started up carrying the motor load. The 
rest of the machinery was installed as 
fast as possible and is now giving very 
satisfactory results, the old compressor 
being kept in reserve, the new one carry- 
ing the load. 

The cost of operation since the change 
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was made seems to have justified the ex- 
sense and trouble, as the cost for gas for 
the first six months under the new con- 
ditions of operation, or from October 27, 
906, to March, 1907, was only $208.02. 
\s the cost of electricity before the 
hange averaged $350 per month, the sav- 
ing in the cost of operation amounted to 
about $301 per month. The first six months 
f operation included the winter months, 
consequently these figures would doubt- 
less change somewhat in computing a 
yearly average. 

The writer is indebted to D. L. Fagnan, 
chief engineer of the plant, and also of 
several other branch plants of the Swift 
Packing Company, Cleveland, O., for data 
and plans. 





The Engineering Laboratory of 
Ohio State University 





This building, which has just been com- 
pleted and will be fully occupied by Sep- 
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run balconies eight feet wide, to be used 
for light apparatus and such lines of work 
not especially adapted to space on the 
main floor. The northern portion of the 
building, devoted to electrical engineering, 
has a total floor space of 17,600 square 
feet. 

Next to this department is a_ small 
amphitheater for demonstration purposes, 
seating 120 persons. In this section also 
is the locomotive- and automobile-testing 
room, 30 feet wide by 70 feet long, to be 
devoted exclusively to this line of work. 

The next section, 48 feet wide by 144 
feet long, is for boilers, gas producers and 
gas engines. The equipment of this room 
will consist of seven different types of 
boilers as follows: One horizontal water- 
tube, with economizer; independent sub- 
heater; vertical water-tube; horizontal 
return-tubular, with setting especially de- 
signed for high volatile coals; one loco- 
motive-type; one stationary locomotive- 
type, with return flues; one internal-fired 
marine-type, with corrugated furnace, and 
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FIG. 3. PLAN OF ORIGINAL PLANT 


tember, 1908, is of the modern shop con- 
struction, with saw-tooth roof, and is 
made up of one 48-foot and seven 30-foot 
bays or divisions, which with the in- 
closed galleries or rooms at the sides 
give a total width of 310 feet. 

The inclosed galleries, with the spaces 
under them, are for special laboratories, 
computing rooms, offices and the like. 
Each bay is abundantly lighted by glass 
Occupying almost the whole area of the 
north slopes of the roof, thus admitting 
only diffused light. Along four rows of 
columns in the main laboratory rooms 


one cast-iron sectional boiler of the class 
used in low-pressure steam heating. A 
complete outfit for induced and forced 
draft will be installed so that any boiler 
may be run under a variety of conditions. 
It is also expected to install different 
types of feed-water heater. There will 
be all necessary equipment for carrying 
on complete fuel trials with boilers and 
gas producers, the natural advantages in 
this direction being excellent in view of a 
good supply of natural gas and the close 
proximity of the university to the great 
coalfields. In the west end of this fuel- 
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testing room will be located two different 
types of gas producer and several dif- 
ferent makes of gas engine. 

The main laboratory room, 90x112 feet, 
is divided into three sections: Steam- 
engineering, hydraulics and general labo- 
ratory work. The steam-engineering sec- 
tion, next to the boiler room, will con- 
tain a simple slide-valve unit for valve- 
testing work, a simple throttling engine, 
a simple automatic cut-off, a vertical tan- 
dem-compound, a McEwen horizontal 
tandem-compound, a vertical cross-com- 
pound Buckeye, 13 and 26 by 16 inches, 
direct-connected to two centrifugal pumps, 
each having a capacity of 8000 gallons 
per minute against a 40-foot head, and a 
cross-compound Corliss engine with pis- 
ton-rods extended to air-compressing 
cylinders; each half of the engine has its 
own fly-wheel and the two are coupled 
by means of a flange coupling, so that the 
whole can be run under a variety of con- 
ditions. There will be surface, jet and 
barometric condensers. 

The hydraulic section now contains 
eleven cisterns having capacities ranging 
from 4000 to 30,000 gallons, with weirs 
above and connections below. In one cis- 
tern is a water-tight well of sufficient 
depth to obtain lifts of 30 feet. In this 
well will be located the barometric con- 
denser, thereby bringing the condenser 
head within easy reach and in proximity 
to the source of exhaust-steam supply. 
Each cistern has a 2-inch connection to 
an observation well where the gage-glass 
columns and hook gages will be located. 
Along one side of the cisterns is a 3x4- 
foot concrete flume, with provision for 
weirs at several points. The apparatus 
for this section will be a Knowles plunger 
pump, .a Worthington duplex-tandem 
compound, a Blake cross-compound, a 
steam turbine direct-connected to a six- 
stage pump giving high pressures, a 
power pump, several different types of 
belt-driven centrifugal pump, a stand-pipe 
for orifice and nozzle experimentation, a 
stand-pipe connected to an hydraulic tur- 
bine, three types of impulse wheel, hydrau- 
lic rams, hot-air pumping engines and the 
like. 

The third section is intended for ap- 
paratus pertaining to the transmission of 
power; to blowers and fans, oil testing, 
refrigeration, air compression, etc. For 
the present all the machines for the test- 
ing of materials will be located in this 
section, until the main structure for these 
departments is erected, containing the 
materials-testing laboratory. The _ build- 
ing is heated and ventilated by two dif- 
ferent types of hot-blast apparatus, 
located in full view on platforms level 
with the balconies and so installed as to 
permit of a wide range of experimental 
work. 

These several experimental laboratories 
in the mechanical-engineering department 
have a combined total floor area of 26,400 
square feet. 





436 


A New Bearing Metal* 





By LotHar SEMPELL 


If one had accurately installed and per- 
fectly lubricated shafts, it would be im- 
material what metal was employed for 
the bearings. It is only in case of ab- 
normal operation that the character of 
the bearing metal plays a considerable 
part; but it may nevertheless be assumed 
that the phenomena of heating and wear 
occur, under circumstances otherwise 
equal, very much more seldom if the 
bearing consists of a properly chosen 


alloy. 
Much light has been thrown on these 
phenomena through the investigations 


published by G. Rennie in the Philosoph- 
ical Transactions. Rennie investigated 
the friction arises between two 
bodies that are pressed upon each other 
with a gradually increasing pressure. He 
found that in the beginning, with light 
loads, the coefficient of friction was fair- 
ly constant, increasing substantially pro- 
portionally with the pressure in accord- 
ance with the law of Coulomb. Above 
a certain point, however, the coefficient 
of friction increases rather rapidly. The 
surfaces in contact grind each other off, 
become considerably heated in doing so, 
and suffer wear which indicates a rapid 
and very large increase of the frictional 
coefficient. The harder the bodies the 
smaller the coefficient of friction and the 
greater the load at which the grinding 
process begins. Accordingly, in order to 
decrease the friction and avoid wear, 
hard bodies are necessary for the rubbing 
surfaces. - 

The use of hard substances is of ad- 
vantage, however, only in the case of 
lack of lubrication, and pre-supposes that 
the surfaces in contact are accurate in 
form, and that the load is evenly distrib- 
uted. Practically, such an agreement is 
not to be obtained, especially if a shaft 
is supported by several bearings. Fur- 
thermore, the bearing metal is abraded 
apparently by means of the dust suspended 
in the lubricant, and = continually in 
the prevailing direction of movement, 
which comes into evidence especially in 
the bearings of railway cars. In all cases 
it transpires that the lubricant is pressed 
out at particular points through the lo- 
cally high bearing pressure, and an im- 
mediate contact between shaft and bear- 
ing metal occurs. Upon the character 
of the latter it will now chiefly depend 
whether a_ partial destruction of the 
bearing or an accommodation of form 
takes place. If the metal is hard and 
does not yield, the local pressure will be- 
come considerable at these points, and 
will be able to produce heating and wear. 


which 





- *Translated from Metallurgie. 
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If the bearing metal consists of a soft 
material, as lead, then the coefficient of 
friction is very high, and the danger is 
imminent that particles of metal may be- 
come detached, imbed themselves in the 
shaft, and, through the unceasing fric- 
tion, increase the temperature of the 
bearing, through which the metal is soft- 
ened and finally pressed out by means of 
the shaft pressure. 

A bearing metal evidently works to the 
best advantage which consists of hard 
grains surrounded by a soft plastic foun- 
dation material. If for any reason the 
bearing pressure at any point becomes too 
high, then the grains are pressed into 
the plastic enveloping material. In this 
manner, the form of the bearing accom- 
modates itself accurately to that of the 
shaft. The number of the hard grains 
must, however, be sufficiently small in 
order that the metal may not become 
brittle, and the constituents must be 
chosen of such sort that the easily fused 
alloy which welds together those grains 
possesses the right amount of resistance 
and plasticity. 

A bearing metal, generally recognized 
as excellent, consists of 83.33 per cent. 
tin, II.II per cent. antimony and 5.55 per 
cent. copper. M. Salomon, chief engineer 
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MACHINE TO MEASURE THE DEGREE OF WEAR 
OF AN ALLOY 


of the Chemins de fer de l’Est, says of. 


this alloy: “White metal bearings wear 
away exceedingly slowly. Since 1885, the 
date of the introduction of these bearings 
by the compagnie de 1|’Est, their parts 
have never been replaced on account of 
wear in thickness but only on account of 
the increase of play longitudinally or 
from accidental causes. According to the 
experiments which have been instituted 
on coaches of the first class, bearings of 
white metal which weigh 7.56 kilograms 
(16.667 pounds), presenting a load sur- 
face of 185 square centimeters (28.675 
square inches) and loaded with 15 to 18 
kilograms per square centimeter (213 to 
256 pounds per square inch), lose 26.2 
grams (404.3 grains) on the average 
through wear, after a continuous run of 
100,000 kilometers (62,138 miles).” 

This will probably be sufficient in order 
to get an idea of the alloy.” On this ac- 
count, likewise, this alloy appears espe- 
cially suited to establish the requirements 
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which must be imposed upon a _ good 
bearing metal. 

The curve of cooling of an alloy which 
had the above-mentioned composition was 
taken by reading the temperature every 
10 seconds on a nitrogen thermometer 
and the melting-point was found to be at 
225 degrees Centimeter (437 degrees 
Fahrenheit). No comprehensive studies 
appear to have been made with regard 
to the composition of the self-separating 
crystals up to the present time. Accord- 
ing to Goerens, a cubical crystallizing 
compound of the form SbSn is said to 
arise in the alloy of antimony with tin 
of a standard of 10 per cent. to 40 per 
cent. antimony. Between 5 and 50 per 
cent. coppér, the copper-tin alloys are said 
to contain a hard component SnCus, 
which is surrounded by a eutectic sub- 
stance Sn, SnCus. Since the crystals ap- 
pearing in the ternary mixtures Sb-Cu-Sn 
are identical with those described above 
and no others are to be identified, one 
may assume that ternary compounds are 
not formed, and that the systems, in so 
far as they are rich in tin, behave exact- 
presence of the hard needles if SnCus 
SnCus. In my metallographical investi- 
gations, I found this confirmed. Micro- 
scopical investigation discloses only the 
presence of the hard needles of SnCu 
and the cubes of SbSn. It is therefore 
probable that no triple combination is 
formed. 

According to Guillet, there is no 
definite criterion in accordance 
which one should prefer the alloy 
excess of copper or with excess of anti 
mony. It appears, however, as if the 
latter were more advantageous. Fractur- 
ing begins with the former much more 
quickly. The compound SnCus, which is 
much harder than SbSn, appears to be 
more brittle; it will splinter more easily, 
and will be worn more quickly. 

To establish the 
loy to pressure, plates of 60 millimeters 
(2.362 inches) square, by 30 millimeters 
(1.182 inches) in thickness were 
The pressure experiments were carried 
out in accordance with the Brinell pro- 
cess of measuring the indentations pro 
duced by a ball under varying pressure 
With a load of 2000 kilograms (4409.2 
pounds) a depression of 1.68 millimeters 
(0.066 inch) was produced. The plate did 
not show the slightest cracks after the 
loading. 


very 
with 
with 


resistance of this al- 


used 


In order to obtain a measure for the 
degree of wear of the alloy, the arrange- 
ment shown in the accompanying sketch 
was used. It consists of a cast disk fast 
ened to the face-plate of a lathe. The 
piece of the alloy which is investigated 
is laid upon the disk, and upon this 
piece a known load may be applied by) 
means of the weight—in this case 15 kilo 
grams (33.069 pounds)—attached to the 
lever. The disk makes 300 revolutions in 
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a mjnute; the circumference of the disk 
amounts to 550 millimeters (21.65 inches), 
so that in an hour a run of 300 * 550 
xX 60 = about 10,000 millimeters (6.214 
miles) was accomplished. ‘The actual 
load which is exerted upon the little rod 
amounts to 15 X* (150 + 450) = 150+, 
where + = 60 kilograms (132,276 pounds). 
This pressure of 60 kilograms was exerted 
by the square centimeter; since the alloy 
was in contact with the disk over a sur- 
face of I square centimeter = 0.155 square 
inch. In order not to get from 
practical conditions, the disk was lubri- 
cated with oil, in which was a littie em- 
ery powder. An alloy of 83.33 per cent. 
Sn, II.11 per cent. Sb and 5.55 per cent. 
Cu wore away 0.01 gram (0.154 grain) in 
an hour. 


away 


The results, concisely stated, were as 
follows: 























Melt- Compression |Loss in Weight 
Alloy in at a Load of jupon 1 Sq.Cm. 
‘ F went 2000 kg. after Friction 
“| (4409.2 Lbs.) for 1 Hour. 
83.33 Sn. 
. P 1.68 mm. ) | (0.01 gram. 
11.11 Sb. | 225°C. (0.066 inch.) | | (0.154 grain.) 
5.55 Cu. | 437°F. ‘ 
Through numerous’ experiments—for 


the most part, however, yielding negative 
results—with alloys, whose basic masses 
were cheap metals, such as Pb (lead), 
Zn (zinc) and Al (aluminum), and 
whose components consisted of Sb (anti- 
mony), Al (aluminum), 
um), Zn (zinc), Cu (copper) 
(tin), my attention was directed to the 
copper-aluminum 
lately Carpenter and Edwards (Engineer- 
ing, 1907, Vol. 83, pp. 127 and 253; com- 
pare also Metallurgie 4, S. 152 and 250) 
maintained were not available for prac- 
tical purposes. 
a white appearance, can be separated easi- 
ly with a knife. 

Upon proceeding with the pressure test, 
however, it was found that the resistance 
of this alloy to compression is greater 
than the tin alloy. With a load of 2000 
kilograms (4409.2 the ball 
showed only a depression of 0.81 milli- 
meter (0.0319 inch). 

The establishment of the melting point 
was proceeded with in the same manner 
as before and located at 628 degrees 
Centimeter (1162 degrees Fahrenheit). 
Since this temperature may be conveni- 
ently obtained over a coke fire, one does 
not require crucible furnaces the 
melting of the alloy. In comparison with 
the investigated tin alloy, which melts at 


Mg (magnesi- 
and Sn 


alloys, of which only 


These alloys, which have 


pounds ) 


for 


225 degrees, the aluminum alloy with its 
melting point of 628 degrees is superior, 
for the danger of softening, and then of 
eing squeezed out of the bearing through 
the pressure of the shaft, is much less 
than with the alloy of tin. 

The experiments as to wear were car- 
ried out in the same manner and under 
he same conditions as with the tin alloy. 
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The result was a loss in weight of 0.003 
(0.0463 grain). 
this, wear is much less than in the case 
of the tin alloy. 


gram As is plain from 


If the aluminum and tin alloys be com- 
pared, the following arithmetical values 
are obtained: 





Compression |Loss in Weight 
ata Load of |upon 1 Sq.Cm. 

“nt 2000kg. | after Friction 
"| (4409.2 Lbs.) | for 1 Hour. 


83.33 Sn. 











. | gene (1.68 mm. } | (0.01 gram. 
11.11 Sb. | 225 1 (0.066 inch.) { | | (0.154 grain.) 
5.55 Cu. | 
91.7 % Al 0.003 gram. 


° | 40.81 mm. | 
s 


" . j 
7.61% Cu. | { 628 | (0.03189 in.) | | (0.04629 gr’n.) 





The cost of the tin alloy is twice that 
of the aluminum per unit of weight and 
the same weight of the aluminum alloy 
make the bulk of the 
tin, so that the metal for a given bear- 


will three times 
ing will cost one-sixth as much in the 
aluminum as in the tin alloy. 





Drainage for a Boiler-room 


Floor 


By Epwin KiILBURN 


fall we replaced the floor in our 


The old floor being of plank 


Last 
boiler room. 
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Tile 


DRAINAGE FOR 
laid on stringers resting on the ground, 
naturally wore, rotted and was eaten out 
by the rats, and the writer determined in 
replacing it to have one which would, 
with reasonable last as long as 
the plant and that would be strictly rat- 
The floor laid was of cement con- 


usage, 


proof. 
crete, and with a perfectly tight floor of 
this material the question of taking care of 
the several drips usually found around a 
plant itself. It would 
festly be impossible to have a hole bored 
through the floor and allow the water to 


suggested mani- 


run down, as is oftentimes done, and at 
the same time it was inconvenient to lay 
a drain line out to the outside wall of the 
building; so we determined to try an ex- 
periment, and the accompanying sketch 
shows the result of our planning. 

There were two principal places, situ- 
ated fect apart, 
would expect a small 
After tearing out the old wooden floor a 
trifle than 


which 
of drip. 


several from we 


amount 


trench excavated a less 


was 


oer. ee 4’ Unglazed Drain 


BOILER-ROOM 





437 


2 feet deep and about 1 foot wide between 
these two points. In the bottom of this 
trench was laid a layer of about 3 inches 
of loose broken stone from 2 to 4 inches 
then there was laid on this stone a 
eries of ordinary un-glazed 4-inch drain- 
tile such as is used for draining swamps, 
Around these tile and on top of them 


long ; 


etc. 
was placed some more broken stone, about 
half filling the trench, and at each end a 
length of tile was stood on end reaching 
to within 1 inch of the completed floor 
level. It the sketch 
that the two end sections of the horizontal 
series of drain tile were roughly beveled 
off by breaking with a chisel and hammer 
in order to form a rough sort of an elbow, 
surrounding this point 
being chosen with an eye to picking out 
pieces that would not fall into the space 
between the vertical and horizontal sec- 
After having placed all these parts 
of the drainage system a layer of clay- 
like earth was placed in the trench to 
bring the level up to the bottom line of the 
The floor was then laid over 
the the rest of the 
boiler room, with the exception that sur- 
rounding these vertical drainage holes it 
was sloped down for about 12 inches each 


will be noticed in 


* 
the loose stone 


tions. 


floor laver. 


this trench same as 


way to carry the water toward the hole. 

This drainage scheme has so far given 
perfect satisfaction, and it seems nice to 
have a place in which to dump a pail of 








Diteh Section 
Indicated 


FLOOR 


water without going to the boiler-room 
cold weather. If the 
boiler-pump packing should be leaking a 
little, the water does no harm but runs 
into the drain and out of sight at once. 

So far we have not placed any covering 
holes, but a small cast-iron 
cover with small holes around its edge 


door in well or 


over these 


would be an improvement. 





The N. Y. Alumni of the Georgia 
School of Technology met in New York 
City on the evening of March 7 and de- 
cided to effect a permanent organization. 
A committee, consisting of C. E. Fair- 
banks, F. C. Furlow, S. F. Jeter, G. J. 
Merritt, I. C. Morton, S. L. 
J. H. Williams and P. V. Stevens, was 


appointed to carry out the details. 


Snowden, 





The production of petroleum in the 
United States in 1906, according to the 
Geological Survey, aggregated 126,493,936 
barrels, valued at more than $90,000,000. 
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Turbine 


When a Surface Condenser Is Available; Weighing and Measuring 
Tanks; Test Loads; Method of Starting; Gland Seal, Steam or Water 





BY THOMAS FRANKLIN 


SPECIAL AUXILIARY PLANT FOR CONSUMP- 
TION TEST 

There are one or two points of im- 
portance in the conduct of a test on 
a turbine and these will be briefly 
touched upon. Fig. 1 illustrates the gen- 
eral arrangement of the special auxiliary 
plant necessary for carrying through a 
consumption test, when the turbine ex- 
haust passes through a surface condenser. 
The condensed steam, after leaving the 
condenser, passes along the pipe A to the 
pump, and is then forced along the pipe B, 
(leading under ordinary circumstances to 
the hot-well), through the main water 
valve C directly to the measuring tanks. To 
enter these the water has to pass through 
the valves D and E, while the valves F 
and G are for quickly emptying the tanks 
when necessary, being of a larger bore 
than the inlet valves. The inlet pipes H / 
are placed directly above the outlet valves, 
and thus, when required, before any meas- 
urements are taken, the water can flow 
directly through the outlet valves, the 
pipes terminating only a short distance 
above them, away to an auxiliary tank or 
directly to the hot-well. Levers K and L 
fulcrumed at J and J are connected to the 
valve spindles by auxiliary levers. The 
valve arrangement is such that by pulling 
down the lever K the inlet valve D is 
opened and the inlet valve E is closed. 
Again, by pulling down the lever L the 
outlet valve F is closed, while the outlet 
valve G is also simultaneously closed. 

During a consumption test the valves 
are operated in the following manner: 
The lever K is pulled down, which opens 
the inlet valve to the first tank and closes 
that to the second. The bottom lever L, 
however, is lifted, which for the time be- 
ing opens the outlet valve F, and _ inci- 
dentally opens the valve G; the latter 
valve can, however, for the moment be 
neglected. When the turbine is started, 
and the condensed steam begins to accu- 
mulate in the condenser, the water is 
pumped along the pipes and, both the in- 
let and outlet valves on the first tank 
being open, passes through, without any 
being deposited in the tank, to the drain. 
This may be continued until all conditions 
are right for a consumption test and, the 
time being carefully noted, lever L is 
quickly pulled down and the valves F and 
G closed. The first tank now gradually 
fills, and after a definite period, say fifteen 
minutes, the lever K is pushed up, thus 
diverting the flow into the second tank 


While the latter is filling, the water in the 
first tank is measured, and the tank 
emptied by a large sluice valve, not shown. 

The operation of alternately filling, 
measuring and emptying the two measur 
ing tanks is thus carried on until the pre- 
determined time of duration of test has 
expired, when the total water as measured 
in the tanks, and representing the amount 
of steam condensed during that time, is 
easily found by adding together the quan 
tities given at each individual measure 
ment. 

All that are necessary to insure success- 
ful results from a plant similar to this are 
care and accuracy in its operation and 
construction. Undoubtedly in most cases 
it is preferable to weigh the condensed 
steam instead of measuring the volume 
passed, and from that to calculate the 
weight. If dependence is being placed 
upon the volumetric method, it is advis- 
able to lengthen the duration of the test 
considerably, and if possible to measure 
the feed-water evaporated at the same 
time. Such a course, however, would ne 
cessitate little change, and none of a radi 
cal nature, from the arrangement de 
scribed. Where, however, the measuring 
method is adopted, the all-important fea 
ture, requiring on the tester’s part careful 
personal investigation, is the graduation 
of the tanks. It facilitates this operation 
very considerably when the receptacles 
are graduated upon a weight scale. That 
is to say, whether or not a vertical scale 
showing the actual hight of water, be 
placed inside the tank, it is advisable to 
have a separate scale indicating at once 
to the attendant the actual contents, by 
weight, of the tank at any time. It is the 
tester’s duty to himself to check the grad 
uation of this latter scale by weighing the 
water with which he performs the opera 
tion of checking. 

Apart from the foregoing, there is little 
to be said about the measuring apparatus 
As-has been stated, accuracy of result 
depends in this connection, as in all oth 
ers, upon careful supervision and sound 
and accurate construction, and this the 
tester can only positively insure by ex- 
haustive inspection in the one case and 
careful deliberation in the conduct of the 
other. 

It will be readily understood that the 
procedure—and this implies some limita- 
tions—of a test is to an extént controlled 
by the conditions, or particular environ. 
ment of the moment. This is strictly 


true, and as a consequence it is often im 
possible, in a maker’s works, for exam. 
ple, to obtain every condition, coinciding 
with those specified, which are to be had 
on the site of final operation only. Foi 
this reason it would appear best to re 
serve the final and crucial test of < 
machine, which test usually in the oper 
ating sense restricts a prime mover in 
certain directions with regard to its aux- 
iliary plant, etc., until the machine has 
been finally erected on its site. Obvious- 
ly, unless a machine had become more or 
less standardized, a preliminary consump 
tion test would be necessary, but once 
this primary qualification respecting con- 
sumption had been satisfactorily settled, 
there appears to be no reason why ex- 
haustive tests in other directions should 
not all be carried out upon the site, where 
the conditions for them are so much more 
favorable. 

When: the steam consumption of a 
steam turbine is so much higher than the 
guaranteed quantity, it usually takes little 
less than a reconstruction to put things 
right. The minor qualifications of a 
machine, however, which can be examined 
into and tested with greater ease, and 
usually at considerably less expense, upon 
the site, and consequently under specified 
conditions, may be advantageously left 
over until that site is reached, where it is 
obvious that any shortcomings and gen- 
eral deficiency in performance will be 
more quickly detected and diagnosed. 


Test LoADS FROM THE TESTER’S VIEW- 
POINT 
Before proceeding to describe the 
points of actual interest in the consump 
tion test, a few considerations respecting 
test loads will be dealt with from the 
tester’s point of view. Here again we 
often find ourselves restricted, to an ex- 
tent, by the surrounding conditions. The 
very first considerations, when undertak- 
ing to carry out a consumption test, 
should be devoted to obtaining the steadi 
est possible lead. It may be, and is i 
many cases, that circumstances are such 
as to allow a steady electrical load to be 
obtained at almost any time. On _ the 
other hand an electrical load of any de 
scription is sometimes not procurable at 
all, without the installation of a special 
plant for the purpose. In such cases a 
mechanical friction load, as, for example, 
that obtained by the water brake, is some- 
times available, or can easily be procured 
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Whereas, however, this type of load may 
be satisfactory for small machines, it is 
usually quite impossible for use with large 
units of, say, 5000 kilowatts and upward. 
It is seldom, however, that turbines are 
made in large sizes for directly driving 
anything but electrical plants, although 
there is every possibility of direct me- 
chanical driving between large steam tur- 
bines and plants of various descriptions, 
shortly coming into vogue, so that usually 
there exist some facilities for obtaining 
an electrical load at both the maker’s 
works and upon the site of operation. 
One consideration ‘of importance is 
worth inquiring into, and this has rela- 
tion to the largest turbo-generators sup- 
plied for power-station and like purposes. 
Obviously, the testing of, say, a 7000-kilo- 
watt alternator by any standard electrical- 
testing method must entail considerable 
expense, if such a test is to be carried 
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out in the maker’s works. Nor would this 
expense be materially decreased by trans- 
ferring the operations to the power sta- 
tion, and there erecting the necessary elec 
trical plant for obtaining a water load, or 
any other installation of sufficient capacity 
to carry the required load according to 
the rated full capacity of the machine. 
Assuming, then, that there exist no per- 
manent facilities at either end, namely 
the maker’s works and the power station, 
for adequately procuring a steady electri- 
cal-testing load of sufficient capacity 
there still remains, in this instance, an al- 
ternative source of power which is usu- 
lly sufficiently elastic to serve all pur 
poses, and this is of course the total vari 
able load procurable from the station bus. 
bars. It is conceivable that one out of 
a number of machines running in parallel 
might carry a perfectly steady load, the 
latter being a fraction of a total varving 








POWER 


quantity, leaving the remaining machines 
to receive and deal with all fluctuations 
which might occur. Even in the event of 
there being only two machines, it is pos- 
sible to maintain the load on one of them 
comparatively steady, though the percent: 
age variation in load on either side of the 
normal would in the latter case be greater 
than in the previous one. This is accom- 
plished by governor regulation after the 
machines have been paralleled. For ex- 
ample, assuming three turbo-alternators 
of similar make and capacity to be run 
ning in parallel, each machine carrying 
exactly one-third of the total distributed 
load, it is fair to regard .the governor con- 
dition, allowing for slight mechanical dis- 
parities of construction, of all three 
machines as being similar; and even in 
the case of three machines of different 
capacity and construction, the governor 
conditions when the machines are paral. 
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leled are more or less relatively and per 
manently fixed in relation to one another 
In other words, while the variation in 
load on each machine is the same, the 
relative variation in the governor condi 
tion must be constant. 

By a previously mentioned system of 
governor regulation, however, it is possi- 
ble, considering again for a moment the 
case of three machines in parallel, by de 
creasing the sensitiveness of one governor 
only, to accommodate nearly all the tota! 
variation in load by means of the two re 
maining machines, the unresponsiveness 
of the one governor to change in speed 
maintaining the load on that machine fair 
ly constant. By this method, at any rate 
the variation in load on any one machine 
can be minimized down to, say, 3 per cent 
either side of the normal full load. 

There is another and more positive 
method by which a perfectly steady load 
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can be maintained upon one machine of 
several running in parallel. This may be 
carried out as follows: Suppose in a 
station having a total capacity of 20,000 
kilowatts, there are three machines, two 
of 6000 kilowatts each, and one of 8000 
kilowatts, and it is desired to carry out a 
steady full-load test upon one of the 6000 
kilowatts units. Assuming that the test 
is to be of six hours’ duration, and that 
the conditions of load fluctuations upon 
the station are well known, the first step 
to take is to select a period for the test 
during which the total load upon all 
machines is not likely to fall below, say 
8000 The tension upon the 
governor spring of the turbine to be 
tested must then be adjusted so that the 
machine on each peak load is taxed to its 
utmost normal capacity; and even when 


kilowatts. 


the station load falls to its minimum, the 
load from the particular machine shall 
not be released sufficiently to allow it to 
fall below 6000 kilowatts. Under these 
conditions, then, it may be assumed that 
although the load on the test machine will 
vary, it cannot fall below 6000 kilowatts 
Cherefore, all that remains to be done tc 
insure a perfectly steady load equal to the 
normal full load of the machine, or 6000 
kilowatts, is to fix the main throttle or 
governing valve in such a position that 
the steam passing through at constant 
pressure is just capable of sustaining full 
speed under the load required. When this 
method is adopted, it is desirable to fix a 
simple hight-adjusting and locking mech 
anism to the governing-valve spindle. The 
load as read on the indicating wattmeter, 
can then be very accurately varied until 
correct, and farther varied if necessary 
should any change occur in the general 
conditions which might either directly o1 
indirectly bring about a change of load. 


PREPARING THE TURBINE FOR TESTING 


All preliminary labors connected with a 
test being satisfactorily disposed of, it 
only remains to place the turbines unde 
the required conditions, and to then pro 
ceed with the test. For the benefit of 
those inexperienced in the operation of 
large turbines, we will assume that such a 
machine is about to be started for the pur 
pose outlined. 

It is always advisable to make a strict 
practice of getting all the auxiliary plant 
under way before starting up the turbine 
In handling a turbine plant the several 
operations might be carried through in 
the following order: 

(1) Circulating oil through all bear- 
ings and oil chambers.* 

(2) Starting of condenser circulating- 


- 

*In a self-contained system, where the oil 
pump is usually driven from the turbine 
spindle, this would of course be impossible. 
In the gravity and allied systems, however, 
it should always be the first operation per- 
formed. The tests for oil consumption, de- 
scribed previously, having been carried out, 
it is assumed that suitable means have been 
adopted to restrict the total oil flow through 
the bearings to a minimum quantity. 
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water pumps, and continuous circulation 
of circulating water through the tubes of 
condenser. 

(3) Starting of pump delivering con. 
densed steam from the condenser hot 
well to weighing tanks. 

(4) Starting of air pump, vacuum be- 
ing raised as high as possible within con. 
denser. 

(5) Sealing of turbine glands, whether 
of liquid or steam type, no adjustment of 
the quantity of sealing fluid being neces 
sary, however, at this point. 

(6) Adjustment of valves on and lead 
ing to the water-weighing tanks. 

(7) Opening of main exhaust valve or 
valves between turbine and condenser. 

(8) Starting up of turbine and slowly 
running to speed. 

(9) Application of load, and adjust- 
ment of gland-sealing steam. 

The running to speed of large turbo 
alternators requires considerable care, and 
should always be done slowly; that is to 
say the rate of acceleration should be 
slow. It is well known that the vibration 
of a heavy unit is accompanied by a syn 
chronous or non-synchronous vibration of 
the foundation upon which it rests. The 
nearest approach to perfect synchronism 
between unit and foundation is obtained 
by a gradual rise in speed. A machine 
run up to speed too quickly might, after 
passing the critical speed, settle down with 
little visible vibration, but at a later time, 
even hours after, suddenly begin vibrating 
violently from no apparent cause. The 
chances of this occurring are minimized 
by slow and careful running to speed. 

Whether the machine being tested is 
one of a number running in parallel, or a 
single unit running on a steady water load 
the latter should in all cases be thrown on 
gradually until full load is reached. A 
preliminary run of two or three hours— 
whenever possible—should then be made 
during which ample opportunity is af 
forded for regulating the conditions in 
accordance with test requirements. The 
tester will do well during the last hour of 
this trial run to station his recorders at 
their several posts and, for a short time at 
least, to have a complete set of readings 
taken at the correct test intervals. This 
more particularly applies to the electrical 
water, superheat and vacuum readings. In 
the case of a turbo-alternator the steadi 
ness obtainable in the electrical load may 
determine the frequency of readings 
taken, both electrical and otherwise. On a 
perfectly steady water-tank load, for ex. 
ample, it may be sufficiently adequate tc 
read all wattmeters, voltmeters and am- 





meters from standard instruments at from 
one- to two-minute intervals. Readings 
at half-minute intervals, however, should 
be taken with a varying load, even when 


the variation is only slight. 


The water-measurement readings may 
of course be taken at any suitable inter- 
vals, the time being to an extent deter 
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mined by the size of the measuring tanks 
or the capacity of the weighing machine 
or machines. When designing the meas- 
uring apparatus, the object should be to 
minimize, within economical and practical 
range, the total number of weighings or 
measurements necessary. Consequently, 
no strict time of interval between indi- 
vidual weighings or measurements can be 
given in this case. It may be said, how- 
ever, that it is not desirable to take these 
at anything less than five-minute intervals. 
Under ordinary circumstances a_ three- 
to five-minute interval is sufficient in the 
case of all steam-pressure, vacuum—in- 
cluding mercurial columns and barometer 
—superheat and temperature readings. 


GLAND AND Hot-WELL REGULATION 


There are two highly important features 


Vacuum Here 

















requiring more or less constant attention 
throughout a test, namely the gland and 
hot-well regulation. For the present pur- 
pose we may assume that the glands are 
supplied with either steam or water for 
sealing them. All steam supplied to the 
turbine obviously goes to swell the hot- 
well contents, and to thus increase the to- 
tal consumption. The ordinary 
steam gland is in reality a pressure gland. 
At both ends of the turbine casing is an 
annular chamber, surrounding the turbine 
spindle at the point where it projects 
through the casing. A number of brass 
rings on either side of this chamber en- 
circle the spindle, with only a very fine 
running clearance between the latter and 
themselves. Steam enters the gland cham- 
ber at a slight pressure, and, when a 
vacuum exists inside the turbine casing, 
tends to flow inward. The pressure, how- 


steam 
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ever, inside the gland is increased until it 
exceeds that of the atmosphere outside, 
and by maintaining it at this pressure it 
is obvious that no air can possibly enter 
the turbine through the glands, to destroy 
the vacuum. The above principle must be 
borne in mind during a test upon a tur- 
bine having steam-fed glands. Perhaps 
the best course to follow—in view of the 
economy of gland steam consumption ne- 
cessary—is as follows: 

During the preliminary non-test run, 
full steam is turned into both glands while 
the vacuum is being raised, and main- 
tained until full load has been on the tur- 
bine for some little time. The vacuum 
will by this time have probably reached 
its maximum, and perhaps fallen to a 
point slightly lower, at which hight it 
may be expected to remain, other condi- 
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tions also remaining constant. The gland 
steam must now be gradually turned off 
until the amount of steam vapor issuing 
from the glands is almost imperceptible 
This should not lower the vacuum in the 
slightest degree. By gradual degrees the 
gland steam can be still farther cut down, 
until no steam vapor at all can be dis- 
cerned issuing from the gland boxes. This 
reduction should be continued until a 
point is reached at which the vacuum is 
affected, when it must be stopped and the 
amount of steam flowing to the gland 
again increased very slightly, just enough 
to bring the vacuum again to its original 
hight. The steam now passing into the 
glands is the minimum required under the 
conditions, and should be maintained as 
nearly constant as possible throughout the 
test. Practically all steam entering the 
glands is drawn into the turbine, and 
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thence to the condenser, and under the 
circumstances it may be assumed the in- 
crease in steam consumption arising from 
this source is also a minimum. 

There is one mechanical feature which 
has an important bearing upon the fore- 
going question, and which it is one of the 
tester’s duties to investigate. This is il- 
lustrated in Fig. 2, which shows a tur- 
bine spindle projecting through the casing. 
The gland box is let into the casing as 
shown. Brass rings A calked into the 
gland box encircle the shaft on either 
side of the annular steam space S. As 
the clearance between the turbine spindle 
and the rings A is in a measure instru- 
mental in determining the amount of 
steam required to maintain a required 
pressure inside the chamber, it is obvious 
that this clearance should be minimum. 
An unnecessarily large clearance means a 
proportionally large increase in gland 
steam consumption and vice versa. 

When the turbine glands are sealed 
with water, all water leakage which takes 
place into the turbine, and ultimately to 
the condenser hot-well, must be measured 
and subtracted from the hot-well contents 
at the end of a test. 

The foregoing remarks would not ap- 
ply to those cases in which the gland sup- 
ply is drawn from and returned to the 
hot-well, or a pipe leading from the hot- 
well. Then no correction would be ne- 
cessary, as all water used for gland pur- 
poses might be assumed as being taken 
from the measuring tanks and returned 
again in time for the same or next weigh- 
ing or measurement. 


GENERAL CONSIDERATIONS 


There are a few principal elementary 
points, which it is necessary always to 
keep in mind during the conduct of a test. 
Among these are the effects of variation 
in vacuum, superheat, initial steam pres- 
sure and, as already indicated, in load. 
There exist many rules for determining 
the corrections necessitated by this varia- 
tion. For example, it is often assumed 
that 9 degrees Fahrenheit, excess or oth- 
erwise, above below that specified, 
represents an increase or reduction in effi- 
ciency, of about 1 per cent. It is probable 
that the percentage increase or decrease 
in steam consumption, in the case of su- 
perheat, can be more reliably calculated 
than in other cases, for example, 
vacuum; but the increase cannot be said 
to be due solely to the variation in super- 
heat. In other words, the individuality of 
the particular turbine being tested always 
contributes something, however small this 
something may be, to the results obtained. 

These remarks are particularly applica- 
ble where vacuum 


or 


as 


is concerned. Here 


again rules exist, one of these being that 
every additional inch of vacuum increases 
the economy of the turbine by something 
slightly under half a pound of steam per 
But a moment’s considera- 


<ilowatt-hour. 
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tion convinces one of the utter unreliabil 
ity of such rules for general application 
It is, for instance, well known that many 
machines, when under test, have demon 
strated that the total increase in the water 
rate is very far from _ constant. A 
machine tested by the writer, for exam 
ple, gave approximately the following re 
sults, the object of the test being to dis 
cover the total increase in the water rate 
per inch, decrease in vacuum: 

From 27 inches to 26 inches, 4.5 per cent 
From 26.2 24.5 
per cent. 

This illustrates to what an extent the 
ratio of increase can vary, and it must be 
borne in mind that it is very probable 
that the variation is different in different 
types and sizes of machines. 


inches to inches 2.5 


There can exist, therefore, no empirical 
rules of a reliable nature upon which the 
tester can base his reductions. The only 
way calculated to give satisfaction is to 


441 


“floating quantities,” short tests during 
exceptionally favorable conditions, and 
disregard of the vital necessity of run 
ning a test under the proper specified 
conditions, it is comparatively easy to ob 
tain results apparently highly satisfactory, 
but which under other conditions might 


be just the reverse. 


These considera 


tions are, however, unworthy of the teste 
proper. 





Gas-engine Research at Birming- 
ham University 


gas-engine research. 


By W. H. Boor 


The research committee of the Institu- 
tion of Mechanical Engineers of Great 
Britain has just issued its third report on 


The research has 


been in the nature of a series of tests on 
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conduct a series of preliminary tests upon 
the turbine undergoing observation, and 
from these to deduce all information of 
the nature required, which can be per- 
manently recorded in a set of curves for 
reference during the final official tests. 
In conclusion, it must be admitted that 
many published tests outlining the per 
formances of turbine 
are unreliable. To determine, honestly 
the capabilities of any machine in the di 
rection of steam economy is an operation 
requiring time, and unbiased and accurate 


of certain makes 


supervision. By means of such assets as 





a gas engine of 


somewhat special design 


at the new Birmingham Uni 
It is of 
150 horse-power, 


revolutions per minute and has a cylinder 


which is 
the scavenging type, of 


runs at a speed of 170 


versity. 


16 inches diameter by 24 inches stroke. 
The engine was originally built with a 
cylinder diameter of 20 inches, but a new 


cylinder of 16 inches bore was_ substi 
tuted so as to obtain very high compres- 
sion and initial pressure. The new 


cylinder was fitted with horizontal admis- 
sion and exhaust valves of the mushroom 


as the cut shows. There is a I9- 


type, 
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inch differential piston for scavenging 
and there are separate water jackets on 


the insulated central stem of a jump-spark 
plug, one side of the high-tension cir- 











All figures reduced to 32° Fahr., and Atmospheric Pressure. 
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the cylinder barrel, head, valves and the 
inlet casing; the piston is also water- 
cooled. 

Seven series of tests were made with dif- 
ferent clearance volumes, ranging from 6.82 
to 14.36, as cited in Table 1; the differences 
were obtained by varying the length of 
the connecting-rod and were, therefore, 
accurately measurable. The increase of 
compression naturally reduced the super- 
ficial area of the clearance space, and this 
is also stated in Table 1. The tests were 
all carried out on the system of constant 
charge with varying gas ratio and on the 
ordinary Otto cycle; a scavenging charge 
was admitted, however, about half-way of 
the exhaust stroke. 

The engine was direct-coupled to a 55- 
kilowatt electric generator supplying cur- 
rent at Ilo to 125 volts. The fuel was 
producer gas from a 500-horse-power pro- 
ducer of the Mond type using bituminous 
coal. 

The ordinary make-and-break ignition 
worked well up to 140 pounds compres- 
sion, beyond which the igniter points 
heated and premature ignition occurred, 
especially with rich charges; the Lodge 
ignition system was therefore used. This 
consists of the usual induction coil and 
trembler, the primary circuit being made 
and broken by a contact on the engine 
lay-shaft. The secondary circuit is led to 
one of the terminals of a Leyden jar, the 
other terminal of which is connected to 
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SPECIAL OBJECT OF THE RESEARCH 


The special object of the research was 
to determine the thermal efficiencies 
(based on the indicated horse-power) at 
various compressions with various mix- 
tures, and to formulate a law if possible 
connecting efficiency and compression. It 
is rather academic, however, to endeavor 
to deduce a general formula from the re- 
sults of tests on an individual engine, 
especially an engine of a special design 
worked as far as possible with gas of 160 
B.t.u. per cubic foot. 

It was estimated from the electrical 
data that to drive the engine at full load 
required 22 horse-power and to drive it 
unloaded required about 20.8 horse-power. 
The indicated horse-power was calculated 
from the mean effective pressures meas- 
ured on a diagram made up of the indica- 
tion of the expansion stroke and that of 
the compression stroke. Such a diagram, 
of course, does not show the indicated 
horse-power of the engine, but the bal- 
ance is thrown into the loss and friction 
of the engine, and this method simplifies 
the measurement of indicated pressures. 
With a mean effective pressure of 90 
pounds (test No. Cr) the compression 
was 172 pounds, the minimum pressure 
was 356 pounds, the speed was 167 
revolutions per minute, the indicated 
horse-power 91 and the thermal efficiency 
42.9 per cent, the latter being the maxi- 
mum efficiency obtained. In this test 5930 
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sumed, of which 17.1 per cent. went into 
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the cooling water. When the compression 
was 88 pounds (test No. Q1), the effi- 
ciency was minimum, at 28.2 per cent. 
Considerable stress was laid on the fact 
that the maximum efficiency was reached 
at 85 to 95 pounds mean effective pres- 
sure for all compressions, though the 
mean pressure tends to rise as the com- 
pression increases. This result need not 
have caused the surprise it appeared to 
produce, for it is obvious that with the 
high initial temperatures necessary to high 
mean pressures there must be heavier 
losses to the water jackets and exhaust. 
The water jacket of a gas engine is pri- 
marily intended to keep the cylinder wall 
cool, not to absorb heat from the burn- 
ing gases; but, unfortunately, it does ab- 
sorb heat from the gases and there must 
come a point where the economy due to 
higher compression and _ higher initial 





POWER 


always shown by indicator diagrams, and 
it will be interesting to have the results 
of the repeated tests on the basis of brake 
horse-power, for on this really hangs the 
commercial economy. 

The analyses of the gas employed are 
given in Table 2, together with the 
calorific value and consumption. Table 3 
gives the distribution and total of the 
heat losses in the jacket water. As might 
be expected, high efficiency coincided with 
small. water-jacket losses. It would be 
interesting to know if the high efficiency 
was a consequence of hotter water in the 
jacket or in any way to be connected with 
the jacket temperature. 

The figures of these tests would be well 
put into graphic form. They are too 
numerous to follow out and connect in 
tabular form. So far as they go, about 
four-tenths of the jacket heat appears in 






Outlet Valve 
from Scavenger 











443 


. Smoke-prevention Furnaces for 


Chicago Schools 





The Chicago smoke inspector having 
refused to issue permits to contractors 
for the installation of steam-heating plants 
in the Chicago public-school buildings, 
on the ground that the boiler settings did 
not meet with his approval and were not 
in compliance with the city smoke ordi- 
nance, a recommendation that an appro- 
priation be set aside for making evapora- 
tive and smoke tests at the Felsenthal 


school building was adopted by the Board 
of Education, and such tests were con- 
ducted by Collins and Stevens. 

One of the boilers at this school was 
equipped with the fire-brick inclosed fur- 
nace, designed by the smoke inspector, 
and shown in Fig. 1, 


and the other with 
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LONGITUDINAL SECTION OF 


pressure is counterbalanced by the greater 
losses to the water jacket, even if the 
higher initial pressure should not in- 
crease the exhaust losses, which it usually 
does.. 

The figures obtained with this engine 
cannot be considered generally applicable. 
For another engine the most economical 
mean effective pressure might be consid- 
erably lower or higher. 


STATEMENT OF RESULTS UNSATISFACTORY 


The statement of the results per indi- 
cated horse-power is of course more or 
less unsatisfactory, and the tests which 
showed the best results per indicated 
horse-power are to be repeated with a 
water brake so as to ascertain the figures 
per brake horse-power. 


‘ompression pressures more power is 


With increasing 


the barrel jacket, the piston absorbs one- 
half as much heat as the cylinder-head, 
and the valves about three-quarters that 
of the cylinder-head. One reason for the 
high heat loss to the cylinder - head 
jacket is that the exhaust outlet passes 
through it. 

Generally, the experiments seem to 
show that maximum efficiency is obtained 
with mean pressures much below the 
maximum that can be attained and also 
with comparatively low “explosion” tem- 
peratures. Widely different conclusions 
might be reached on the brake horse- 
power basis, however. 

[The compression curve exponents in 
Table I were not included in Professor 
Burstall’s report, but they were computed 
from his diagrams and data. This is also 


true of the temperature-rise and _ heat- 
distribution figures in Table 3.—Enitors.] 





16X24 -INCH EXPERIMENTAL GAS ENGINE 


a furnace designed by T. J. Waters, the 
engineer of the Board of Education, and 
shown in Fig. 2; the latter being the 
furnace to the installation of which the 
smoke department objected. 

Tests were made on January 2 and 3 
of the present year, the avowed object 
being to ascertain the following: 

First, the ability of the two boilers to 
economically carry the loads as required 
in the average daily operation of the 
school. 

Second, the relative amount of smoke 
produced. 

Third, the relative efficiency, economy 
and capacity of the boilers. 

Fourth, the practicability and economy 
in operation of the two settings. 

The tests were made under as nearly 
as possible equal conditions, with the 
same kind of coal, boiler No. 1 being fired 
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PLAN AND SECTIONS OF BOILER INSTALLED BY THE CHICAGO DEPARTMENT OF SMOKE INSPECTION 
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PLAN AND SECTIONS OF THE WATERS BOILER IN FELSENTHAL SCHOOL, CHICAGO 
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by a representative of the city smoke 
bureau and boiler No. 2 under the direc- 
tion of the engineer of the Board of 
Education. 


RESULTS OF TESTS 


The principal results were as follows: 





Furnace Furnace 





No. 1. No. 2. 
1. Fuel required to 
raise steam— a 
Pe 75 lbs. 75 Ibs. 
Sa 1200 lbs. 800 lbs. 
2. Time required to th 
raise steam....... 1 hr. 45 min. 1 hr. 45 min. 
. Efficiency of boiler ; a 
. and grate..... “ 57.75% 64.82% 
4. Evaporation per Ib. x ; 
of coal, actual.... 5.405 6.189 
5. Evaporation per lb. 
of coal from and ee aAEAN 
at 212 degrees F.. 6.503 7.463 
6. Cost to evaporate 
1000 lbs.  feed- ; - 
ET ere 18.50% 16.16% 
7. Horse-power devel- 
pone nthe Sea 117.8 104.1 








During the first hour of both tests, the 
smoke emitted was considerable for a 
short interval immediately after firing. 
In neither case was very black smoke 
given off for more than a few seconds. 

On the remainder of the tests, the 
Waters setting was operated with* very 
little smoke at any time. The condition 
of the stack was somewhat better on this 
part of the run than the performance of 
the fire-brick inclosed furnace. 

It was necessary to clean the fires three 
times during the test of the fire-brick 
inclosed furnace, against one cleaning of 
the Waters setting. This cleaning was 
the cause of a considerable loss of effi- 
ciency and also was conducive to the pro- 
duction of smoke, as well as being of ser- 
ious consequence in the reduction of the 
steam pressure to a point where it was 
necessary to shut down the engine. 


Tue Tests REPEATED 

The smoke inspector making the ob- 
jection that there had been much 
‘expert firing” on the tests, the tests were 
repeated on January 11 and 12, firing on 
both boilers being conducted by the regu- 
lar fireman employed at the plant, with 
the following results, which differ from 
the other only in degree: 


too 


Furnace 


Furnace 
No. 


No. 2. 


1. Temp. of water in 


boiler..... 194 Deg. F. 140 Deg. F. 


2. Fuel required’ to 
raise steam— 
i. 100 lbs. 100 lbs. 
er 650 Ibs. 475 \bs. 


3. Time required...... 
4. Evaporation per Ib. 
of coal, actual... 


53 min. 1 hr. 6 min. 


4.985 lbs. 5.638 lbs. 


5. Cost to evaporate 

1000 Ibs.  feed- 

es 20.06% 17.73% 
6. Horse-power devel- 

eer 96 94 
1 Waa Skok ee Slight Slight 








n neither case would it have been 
necessary to shut down school for lack 
of steam. The smoke in neither case was 
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objectionable at any time. Both settings 
smoked somewhat during the first hour. 

Results show that about 175 pounds 
more coal were required by the fire-brick 
inclosed furnace to produce steam at the 
start. This heat was no doubt absorbed 
by the brickwork to be given off gradu- 
ally after the plant was shut down. 

The the fuel with 
coal at $2.40 per ton and using the plant 
during the heating season at, say, I50 
days per year, would amount for the 507 
boilers in use in the schools of Chicago 
to more than $32,000. It cost’ $174.08 to 
build furnace No. 1, so that the cost for 
the 507 boilers would be $86,258.56. 


difference in cost, 


The Chicago Department of 


Smoke 
Inspection, to which the proof of the 
above was submitted, presents the follow- 


ing statement: 

For years the school houses have been 
among the worst smokers in Chicago. In 
these buildings horizontal tubular boilers 
are used with Indiana _ soft 
coal. All of the boilers have been set in 


Illinois or 


practically the same way year after year, 
in spite of the fact that the buildings 
proved such smoke nuisances. The city 
ordinance establishing the Department of 
Smoke Inspection, which passed the Chi- 
cago City Council in July, 1907, makes 
it necessary for any one installing a boiler 
to have the plans approved by the smoke 
inspector. The department refused to 
issue permits for the installation of boil- 
ers in according to the 
3oard of Education’s standard design. 
During the Christmas 
the -Felsenthal school was 
equipped with a brick arch or roof cover- 
ing the grates. This did not represent 
what the smoke department considers to 
be a well-designed furnace for burning 
[linois smoke. In fact, it 
is very far from what is considered good 
practice and what is required to be used 
with all horizontal 
stalled in Chicago. 


school houses 


holiday, one 


boiler in 


coal without 


tubular boilers in- 
The boiler left 
precisely as it was except that the brick 
arch was put in. 


was 


In new work the boiler 
is fequired to be set much higher than 
has heretofore been the practice, so that 
a larger furnace may be obtained in which 
to burn the highly volatile local coals. 
The city smoke department suggested 
that this boiler be so equipped, not be 
cause it that the equipment 
would represent the best that could be 
done, but that in the few days available 
during the Christmas vacation the arch 
could be put in and the results observed. 
This was done in a spirit of codperation, 
the intention being to assist the Board of 
Education in its efforts to improve its 
At the time that these 
changes were made in this furnace noth- 


considered 


own conditions. 
ing was said about making evaporative 
tests of the boiler to prove the value of 
the brick arch. As the chief engineer of 


the Board of Education had _ failed 


to 








submit any design to the smoke depart- 
ment for an improvement in his boilers, 


the smoke inspector offered his assistance 
in aiding the school board to develop a 
more smokeless furnace. 

The results of the tests should be taken 
for what they are worth and not as repre- 
senting the performance that could be 
expected from such a design as would be 
passed by the Department of Smoke In- 
spection. lI‘urthermore, the smoke depart- 
ment has never made any claim about the 
capacity or efficiency of tubular boilers 
set with a brick-arch furnace. The smoke 
inspector is only interested in the smoke, 
and the tests that were made that 
the boiler equipped with the brick arch 
was operated without making objection 
able smoke. During all of the tests a 
representative of the smoke department 
made the 


The records show 


show 


observations of smoke, using 
the Ringleman system. 
that the brick-arch furnace made 
what less smoke than the Board of 


cation’s furnace of 


some- 

Edu 
standard design. It 
is quite true that the boiler equipped with 
the Board of Education’s setting did not 
smoke seriously during the test. How- 
ever, this boiler received very expert fir 
ing, and the performance of the boilers in 
actual service shows how impossible it is 
for such expert attention to be given con- 
tinually. 

The smoke department has always be- 
lieved that the smoke problem is of suffi- 
cient importance to the people of Chi- 
cago to warrant its citizens in buying 
larger boilers, if necessary, to make the 
same amount of steam, and in using more 
coal, if necessary, to evaporate a given 
amount of water in order that the coal 
may be burned without making smoke. 
It is not believed that with a properly 
designed boiler setting it will be necessary 
to burn more coal or’ to larger 
boiler. The department believes, how- 
ever, that the expenditure would be justi- 
fied, if this was the only way that smoke- 
less results could be obtained. 


use a 


Regarding the capacity of a boiler 
equipped with a brick-arch furnace, it 
should be noted that the test results 


showed that the boiler so equipped ran 
at a higher rating than the boiler without 
the arch. 


Paut P. Birp, Smoke Inspector. 





Electric heaters were recently put to 
a novel use for a shrink fit of a crank- 
pin into a crank-disk 500-horse- 
power cross-compound Russell engine. In 
replacing the old pin, a new pin, 6 inches 
in diameter, with a taper of 1/6 of an 
inch, was to be fitted into the crank-disk 
5 inches thick. Owing to the undesirabil- 
ity of expanding the disk 
a number of heating units from 
Electric flat- 
irons were grouped around an iron core 
and inserted into the 6-inch crank-pin 
hole and sufficient current passed through 
the units to maintain them at white heat. 


on a 


with blow- 


torches, 


General 6-pound electric 
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The High-pressure Hydraulic Elevator 


Construction and Operation of the Otis Vertical Machine; the 


Functions of the Pumps and the Accumulator Clearly Shown 





BY WILLIAM BAXTER, 


All the elevators discussed in former 
articles belong to the low-pressure class, 
being operated by water under pressures 
not over 200 pounds per square inch; the 
average pressure is probably about 100 
pounds. Such machines are very well 
suited to comparatively low buildings, 
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FIG. 202 


small capacities and moderate car speeds. 
In very high buildings, where high car 
velocity is desired they are unsuitable on 
account of the room required for the ma- 
chinery and pipe connections. One ad- 
vantage of low-pressure machines is that 
there is very little difficulty in keeping the 
piston, valves and other sliding joints 
tight—so little, in fact, that ordinary 
packings meet all the requirements except 
for the valves, and in these cup pack- 
ings are necessary simply because the 
packing has to slide over the port open- 
ings. 

It is evident that if the pressure of the 
water be increased the diameter of the 
lifting piston can be reduced and there- 
fore the machine can be made more com- 
pact. If, however, the pressure is car- 
ried above 200 pounds, the ordinary type 


of packing will be satisfactory; it will be 
desirable to substitute cup packings for 
it at practically every point, and so long 
as it is necessary to make such a change, 
it is advisable to make a decided increase 
in the pressure so as to gain in a high de- 
gree the advantages derived from such 
pressure. On this account high-pressure 
clevators are operated with pressures that 
average about seven times the average 
pressure with low-pressure systems. Gen- 
erally the high-pressure machines are 
operated with a pressure of 750 pounds 
per square inch. The reduction in the 
size of the machine and piping that can 
be effected by using this pressure is much 
greater than would be supposed by those 
who have not investigated the subject. 
To give a general idea of how great the 
reduction actually is, suppose a low-pres- 
sure elevator has a cylinder 16 inches in 
diameter and works with a pressure of 
100 pounds. For such a machine the sup- 
ply pipe would probably be not less than 
6 inches in diameter. Substitute for this 
a high-pressure machine working with 
800 pounds pressure per square inch; 
then, if everything else remains un- 
changed, the area of the cylinder will be 
reduced to one-eighth, and this will make 
the diameter a trifle under 534 inches, as 
compared with the low-pressure cylinder 
of 16 inches diameter. This is not all 
the gain that can be made; there can also 
be effected a great reduction in the size 
of the supply pipe, for as only one-eighth 
of the quantity of water is required the 
size of the pipe can be reduced to the 
same degree as that of the cylinder, pro- 
vided the water is to run through it at 
the same velocity. This reduction would 
cut the pipe down from 6 inches to a 
trifle over 2 inches in diameter. 

These reductions are not exactly what 
would be made in actual practice, because 
the frictional loss in the small high-pres- 
sure cylinder would not be as great as 
in the large low-pressure cylinder, and 
the velocity of the water through the sup- 
ply pipe could be made greater for the 
same percentage of loss; this would per- 
mit a farther reduction in the size of the 
pipe. In practice the gain in this direc- 
tion is utilized in part to reduce the size 
of the apparatus and in part to reduce the 
loss of energy in forcing the water 
through the pipes. As a result, the loss 
of energy due to the friction of the water 
passing through the pipes, lifting cylinder 
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and valves is reduced to about 5 or 6 per 
cent., whereas in low-pressure machines 
it runs from, say, 10 to 30 per cent. The 
change of pressure from 100 to 700 or 
800 pounds brings about other changes in 
the construction of the machine and ap- 
paratus and also in the general arrange- 
ment of the system. 

The arrangement of the various parts 
of a high-pressure system is indicated by 
the diagram Fig. 202. This diagram 
shows a machine geared six to one. The 
cylinder is shown at C, the plunger at P 
and the traveling sheaves below it; the 
cylinder is inverted, the plunger being 
forced downward by the pressure of the 
water. This construction is used because 
the small size of the cylinder makes it im- 
practicable to use a piston and piston-rod, 
therefore a solid plunger is provided and 
the pressure acts to push it out of the 
cylinder. If the cylinder were set with 














FIG. 203 


the mouth up, the weight of the car would 
tend to pull the plunger out of the cylin 
der. Machines of this type have beet 
made, but are not in use at the present 
time. In these machines the gear was r 

duced to two to one, so as to not have t: 
add so much weight to the plunger; as 
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the weight of the plunger has to lift the 
car it must be sufficient to lift the maxi- 
mum load and in addition overcome all 
the friction. 

In Fig. 202 the pump forces water into 
the lower end of the accumulator, from 
which a pipe runs to the main valve, 
through which it passes to the pipe A and 
thence to the lifting cylinder. On the re- 
turn stroke the water passes out of the 
cylinder through the pipe A and through 
the upper end of the main valve to the 
discharge pipe, which runs up to a tank 
placed on or near the roof of the build- 
ing. The object of this arrangement is 
to provide a low pressure to operate the 
pilot valve, which is shown in the dia- 
gram just above the main valve. In the 
first high-pressure elevators made, the 
pilot valve was operated with water at 
the same pressure that was used for 
the lifting cylinder, but these valves were 
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is necessary to do this so as to replenish 
the air that gradually leaks out of the 
pressure tank. Even if there were no diffi- 
culty in pumping air into a high-pressure 
tank, the accumulator would be prefer- 
able, because with it the pressure depends 
upon the weight on top of the plunger, 
not on the hight of the -water in the 
cylinder. With a pressure tank the pres- 
sure drops as soon as you begin to draw 
water out, and it runs up as soon as the 
outflow stops, consequently the pressure 
is continually varying. 

The actual appearance and location of 
the apparatus of an Otis high-pressure 
vertical elevator is shown in Fig. 203. 
This illustration shows several parts not 
represented in the elementary diagram 
Fig. 202. The main pump is at A and at 
B is shown the prime mover, which in 
this case is an electric motor, although in 
practice steam power is almost always 
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for large plants where all the most ap- 
proved refinements are desired are not 
shown here. 

It will be noticed in Fig. 203 that the 
machine proper of a vertical high-pres- 
sure elevator is not very elaborate. This, 
however, is not true of the horizontal ma- 
chines, on which most of the devices re- 
quired for its operation are mounted, as 
can be Seen in Fig. 204, which shows a 
“double-decker.” The main and pilot 
valves are shown at A, and at B is shown 
the lever with which the ropes that can- 
nect with the car lever are connected. 
At C is shown the automatic stop-valve 
which is actuated by the rope D, that 
passes around a sheave E, located at the 
forward end of the cylinder. This rope 
D is clamped by the arm Ez which is 
fastened to a rod E2 that, runs to the for- 
ward end of the machine and carries two 
stops E E and EE. These stops are struck 

















not successful, owing to the fact that they 
had to be very small and the packings 
would not withstand the wear due to the 
pinhead jets of water striking them at 
terrific velocities; in addition, the small 
holes through which the water passed 
were soon enlarged so that the valve 
would not work satisfactorily. With the 
low-pressure pilot valve there is no 
trouble. A small tank is provided to re- 
ceive the discharge from the pilot valve 
and its actuating cylinder, and this water 
is returned to the roof tank by means of 
a small pump as shown in the drawing. 


THE ACCUMULATOR 


e accumulator takes the place of the 
pressure tank of the low-pressure system. 
A pressure tank cannot be used with the 
high-pressure system, owing to the fact 
that it is troublesome and expensive to 
pump air against a high pressure, and it 
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accumulator is shown at C 
and the main valve and pilot valve are at 
D. From the main valve the water passes 
to the lifting cylinder through a pipe E, 
passing first through an automatic stop- 
valve F, thence through the pipe G to the 
cylinder H. The plunger is shown at J, 
and the traveling sheaves at J. 

The high-pressure water from the accu- 
mulator reaches the main’ valve through 
the pipe K and is discharged from the 
valve through the pipe L which runs up 
to the tank at the top of the building. 
Through the pipe M, the water returns to 
the pump A. An air chamber is pro- 
vided at Q to smooth out any pulsations 
of the pump that its own air chamber 
does not subdue. The small pump to 
return the water discharged from the 
pilot valve to the roof tank is shown at 
N. This drawing shows all the devices 
generally used, but several that are added 


used. The 


by a projection carried on the traveling- 
sheave crosshead when the latter ap- 
proaches either end of its travel; the 
action being the same as in the low-pres- 
sure horizontal machines previously de 
scribed. The only object of using the rod 
E2 is to reduce the length of the operat- 
ing rope D. If the sheave E were placed 
at the extreme forward end of the ma- 
chine, and the rope D were run over it, 
then stops could be placed on the rope D 
in the usual way adopted in other types 
of horizontal machines; but with this 
construction there would be more danger 
of getting the stop-motion out of order 
by reason of having so long and exposed 
an operating rope. The design of Fig. 
204 increases the cost of construction, 
but as an offset to the increased expense 
makes the machine more reliable in 
operation. 

At F is the automatic stop-valve, and 
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at R is a speed regulator to prevent the 
car from running at an excessive velocity 
if the operator should move the lever far 
enough to open the valve wide when the 
car is lightly loaded. In many of the 
elevators heretofore described the maxi- 
mum speed is determined by the set of 
the automatic stop-valve, but in this ma- 
chine, as well as in the vertical-cylinder 
high-pressure machines, the devite R is 
used for this purpose; in fact all the 
valves used in the vertical and horizontal 
high-pressure machines shown in Figs. 
203 and.204 are the same. The devices 
shown at S are strainers through which 
the water for the pilot valve flows. 





Catechism of Electricity 


648. What indicates the current carry- 
ing capacity of a fuse? 
Each fuse is stamped with about 80 per 


cent. of the maximum current which it 




















FIG. 197. SINGLE-POLE FUSE BLOCKS 


can carry indefinitely; this allows about 
25 per cent. overload before the fuse melts, 

















FIG. 198. DOUBLE-POLE FUSE BLOCKS 
or, as it is sometimes stated, 
With open fuses of ordinary shapes and 
with not over 500 amperes capacity, the 
minimum current which will melt them 
in about five minutes may be safely taken 
as the melting point, as the fuse practi- 
cally reaches its maximum temperature 
in this time. With larger fuses a longer 
time is necessary. 
facilitate testing. 


This datum is given to 


blows. 
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649. Are fuse blocks equipped differ- 
ently from the one in Fig. 195, when the 
wires of the circuit in which the fuse is 

















FIG. 199. DOUBLE-POLE SINGLE-THROW 
SWITCH, WITH DOUBLE-POLE 
FUSE BLOCK 


to be connected are not provided with 
lugs? 

Yes; the fuse blocks are then equipped 
as in Fig. 197. In these, the connecting 
wires are inserted in the holes of the 
terminal blocks and are screwed tightly 
to them. The fuse block 4 is intended 
for use with small wire, that at B for 
medium-size wire, and that at C for large 
wire, 

















FIG. 200. DOUBLE-POLE SINGLE-THROW 
SWITCH, WITH DOUBLE-POLE 
FUSE BLOCK 


650. Are fuse blocks made for protect- 
ing on a single base the two wires of a 


circuit as well as one wire? 
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Yes; in Fig. 198 at 4 and B are shown 
double-pole fuse blocks, the former for 
use on circuits carrying up to and includ- 
ing 100 amperes, and the latter for circuits 
carrying current between Ioo and 600 am- 
peres. 

651. Are switches ever equipped with 
fuse blocks? 

They are. A double-pole, single-throw 
switch provided with a double-pole fuse 
block is shown in Fig. 199. The fuses 
have already been inserted, and the con- 
nections to the circuit are made on the 
front of the base a. Fig. 200 shows the 
same kind of a switch similarly equipped, 











FIG. 201. INCLOSED FUSE WITH FER- 


RULE CONTACT 


but in which the connections to the circuit 
are made on the back of the base c, as 
shown at n, s, ete. 

652. How is the inclosed type of fuse 
made? 

Figs. 201 and 202 illustrate the two usual 
forms of inclosed fuse, the former having 
what is generally known as a ferrule con- 
tact and the latter a knife-blade contact 
The ferrule contact is recommended for 
circuits carrying current up to 60 amperes, 
and the knife-blade contact for circuits 
carrying current between 60 and 600 am- 
peres. The fuse may be either of the rib 
bon or wire type and is usually packed in 
2a powdered compound within the central 
fiber tube to cushion the explosive force 
when the fuse blows, thereby preventing 
the heated metal particles from flying out 
and causing trouble elsewhere; also pre- 
venting dust or lint collecting around the 
fusible wire and becoming ignited when 
the fuse operates. The extremities of the 
fuse are soldered to the contact parts at 
the ends of the tube and these are slipped 
into circuit as indicated in the illustrations. 





























FIG. 202. INCLOSED FUSE WITH KNIFE- 


BLADE CONTACT 


653. Are the fuses and fuse blocks the 


same on both direct- and alternating-cur- 
rent circuits? 

Yes; all that has been previously stated 
concerning fuses applies to both cases 





The city of Toronto, Ont., will install 
two pumping engines, one of 15,000,000 
gallons capacity and the other 6,000,000 
gallons, the former to cost $145,530 and 
the latter $52,200. 
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One Barrel of Oil Per Year 





By Gerorce H. KELLoccG 





The remark of an oil agent, that I 
“ought to be ashamed to look an oil agent 
in the face,” when I told him that I only 
used one barrel of engine oil per year on 
a cross-compound Ball engine developing 





400 horse-power, caused*me to think that 
Power readers may be interested to know 
how I accomplished the feat. 

The engine is practically inclosed and 
has sight-feed spindles for all bearings, 
supplied by a pipe-oiling system connected 
to an elevated tank. All drips, except for 
the eccentric shields and the idler-arm 
drip, lead to the crank-case, from which 
the piping extends under the floor to a 
filter. This filter is one of my own “get 
up;” it is not patented as far as I know. 
After being filtered continuously for from 
six to eight months, the oil comes out 
perfectly clear, only slightly darker in 
color. 

I had previously made three filters, of 
the “oil through hot water” variety, for 
other plants in which I had been em- 
ployed, and was intending to make or 
get one of the same kind when I took 
charge of this plant. But at lodge meet- 
ing one night, I got into an argument with 
an oil expert regarding the efficiency of 
filters in general, and the “oil through 
water” kind in particular. One of his re- 
marks impressed me very much. It was: 
“Oil manufacturers will water their stock, 
but they keep the water away from the 
oil.” He also told me that oil exposed 
to moist atmosphere would absorb from 
2 to 3 per cent. of moisture; and that the 
muddy and turbid appearance of oil 
coming from the ordinary filter was 
Caused by the moisture it contained. By 
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putting the oil up through a filter bed of 
charcoal, or other absorbing material, the 
oil would leave the water behind and 
come out clear again. Oil manufacturers 
use a filter bed to take the dirt out of oil, 
but water, no matter how hot, will not 
take the dirt out. 

The next morning I started to experi- 
ment. I took a small funnel and soldered 
a small tin cap to the lower end, to 
spread the oil out in drops. Then I filled 
a large tumbler half full of hot water and 
placed it on the steam chest to keep it 
hot. I put the funnel in so the tin cap 
was 2 inches under the water (Fig. 1) 
and then put in the dirty oil very slowly. 
As each drop of oil formed on the upper 
edge of the cap, to flow through the water, 
I watched to see it leave some of the dirt 
behind, but it didn’t. After putting 
through enough to nearly fill the glass, 
the water was just as clear as when | 
started. I then put some fine iron filings 
in the oil, and the film of oil around the 
filings carried them up through the water, 
too. That settled me on the “oil through 
water” proposition. 

Then I got another glass and making a 
tin trough to reach from the inside of 
one glass over into the other, I put a 
lamp-wick in the trough (Fig. 2). Then 
putting the dirty oil in the glass A, I 
watched results. Soon drops of clean oil 
formed on‘ the end of the wick in the glass 
B, and in about four hours I had half a 
glass of as clean oil as anyone ever saw. 

Having found a method that produced 
good results, I worked it out on a large 
scale. I had a galvanized tank made, 20 
inches high by 30 inches diameter, for a 
clean-oil tank; another of the same diam- 
eter and 12 inches high, with the lower 
rim flanged to set on top of the clean-oil 
tank, for a filtering chamber; then on top 
of that another tank 6 inches high, with 
a flanged rim to set on the filtering cham- 
ber, with a cover, through which a pipe 
leads the dirty oil. This is a settling 


chamber, where the oil separates from 





most of the water and heavy sediment. 
See Fig. 3. 

From the settling chamber, the oil is 
fed to the filter chamber by an automatic 
valve, then through 9 feet of 1-inch wick- 
ing. By this means the -oil is separated 
from the rest of its impurities and is car- 
ried up over partitions of troughs, drain- 
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ing into the clean-oil tank. This filter will 
take care of one gallon of oil per hour, 
and so I use about that much oil, although 
half that amount would be ample for the 
engine. The extra oil washes off the bear- 
ings and keeps them cool, and I am only 
wearing out and losing about one gallon 
per week. 

I find that I cannot use a cheap paraffin 
oil, nor an oil of high viscocity, as the 
wicks soon separate the filler or heavy 
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leaving a thin oil of poor lubricating qual- 
ity. I have tried four different oils in my 
system, and always put the oil in on three 
months’ trial; if it will run three months, 
filtering continuously, I would risk it the 
other nine. 

In putting an oil on trial, I put the 
whole barrel in the system, and after it 
has worn down to about 25 gallons I put 
in a gallon of fresh oil each week to main- 
tain the level. 





Lowering the Furnace Arch to 
Prevent Smoke 


The point is made that by a. slight 
change in the arch of a furnace under a 
tubular boiler, much can be done to pre- 
vent smoke. The proper length and form 
of the combustion arch depends ,upon 
many variable factors and perhaps is best 
determined by experiment under the given 
conditions. A station was equipped with 
automatic stokers, and it was 
thought they were installed exactly alike. 
One unit made smoke and the other did 
not. On taking measurements it was found 
one arch was 6 inches higher than the 
other. The high areh was dropped 6 
inches and the smoke stopped. If the draft 
had been a great deal more, the arch 
might have had to go up.—Electric Trac- 
tion Weekly. 


a pair of 
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Diesel Oil Engines for Ship Propulsion 


Results of Test of the Latest Type of High-speed Diesel Engine, 
Built at the Augsburg Works, Germany, Especially for Marine Service 
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The superiority of the Diesel type of oil 
engine over other prime movers (which 
is founded on their independence of steam 
boilers and gas producers, on their con- 
stant readiness to start, on the small floor 
space occupied, on the low consumption 
of fuel and cooling water, etc) 1s espe- 
cially conspicuous in the application of this 
type to the propulsion of vehicles or ves- 
sels. Diesel oil engines and suction-gas 
plants both have the advantage over steam 
engines or turbines that they prepare their 
dynamic medium just in the measure 
wanted. The working fluid of a steam 
prime mover is generated, set under pres- 
sure, stored and delivered from a separate 
boiler plant. It is therefore always avail- 
able in sufficient quantities and affords 
security and elasticity of operation. On 
the other hand, when the governing me- 
chanism of the engine is not correctly ad- 
justed, or when it leaks (turbines), the 
steam consumption will grow very much 
higher than the normal without at all 
attracting the attention of the ‘operating 
engineer. Also, the economic working of 
the boiler is greatly dependent on the per- 
sonal equation: the good will and skill of 
the fireman. Hence we often find the 
average operating figures in steam plants 
very much higher than the figures guar- 
anteed by the builder. 

Internal - combustion engines, whether 
burning gas or oil as fuel, prepare their 
dynamic medium for themselves, in quan- 
tities corresponding to the momentary de- 
mand. Their maximum capacity, as now 
constructed, is determined on the one 
hand by the engine cylinder volume, on 
the other by the calorific value of a per- 
fect combustible mixture. They are there- 
fore less flexible and less capable of over- 
loading; but, the slightest leakage in the 
system or improper lubrication, or a 
faulty adjustment of the valve control, or 
a change in the quality of the gas caused 
by negligent treatment of the producer, all 
these mistakes are indicated in a visible 
manner, either by a sudden drop in power 
output, or by a change in the temperature 
of the cooling water leaving the jacket, 
or by a sooty exhaust, or by the noise of 
the escaping gases, and these unmistak- 
able signs warn the chief engineer at once 
of the losses caused by the attendants’ 
negligence. Gas and oil engines, like all 
superior organisms, are more sensitive to 
bad treatment, but they care better for 
their possessors. 
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These advantages make themselves 
doubly felt in plants which serve for the 
propulsion of vehicles or vessels, the con- 
tinuous operation and radii of action of 
which depend entirely on the economic 
handling of the store of fuel. Even the 
most enthusiastic advocates of steam-tur- 
bine drive for large ships have come to 
realize two things: Turbine-driven ves- 
sels will never be able to run at eyen half 
the economy of vessels equipped with gas 
or oil engines, or both. This means that 
the radius of action and the profitableness 
of the latter type are more than double 
those of steam-turbine vessels. The su- 
periority of gas and oil ships over steam- 
ers will become the more pronounced the 
greater the price difference between high- 
grade steam coal and low-grade producer 
or oil fuel. Secondly, since by far the 
greatest number of commercial and war 
vessels run at speeds below 20 knots, the 
application of steam turbines in which the 
economy grows very poor at low speeds is 
undesirable for the majority of cases. 

Oil engines of the Diesel type, with all 
their economy, do not occupy more floor 
space than steam engines of equal capa- 
city. The boiler plant is entirely elimi- 
nated. The constant readiness of oil en- 
gines to start compared to the slow pro- 
cess of heating boilers, the smokeless com- 
bustion of the fuel and the absence of 
smoke stacks, the inconsiderable heat 
radiation and the normal temperatures 
prevailing in the engine room, the quick 
taking in of fresh fuel by means of pumps 
and its superior storage and handling in 
tanks and pipes, the absence of ashes 
which must be removed, and, last but not 
least, the greater heat density of the fuel 
and its efficient utilization, are some of 
the advantages to be gained by the adop- 
tion of oil engines instead of steam en- 
gines or turbines. The increased radius 
of action, for the same weight of fuel, of 
oil ships is estimated at about 2% times 
the distance run by a vessel fitted with 
producer-gas engines and from 4 to 5 
times the range of a steamship. Of course 
it will take some time to conform the de- 
sign and construction of oil engines to 
the special service conditions and to the 
high-power units required for the propul- 
sion of large seafaring vessels. 


Test oN Diese, Orn ENGINE FoR SHIP 
PROPULSION’ 


The Augsburg works, in Germany, have 
just completed their latest type of high- 
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speed Diesel oil engine for ship propul- 
sion. The normal capacity is 300 effec- 
tive horse-power at 400 revolutions per 
minute. But a maximum permissible 
speed of 500 revolutions per minute, with 
an output of 400 horse-power, has been 
provided for in the design. The engine 
is of the four-stroke-cycle type and has 
four single-acting cylinders with the 
cranks set 180 degrees apart. One two 
stage air compressor or pump serves for 
all four cylinders, air being aspirated 
from the atmosphere and its delivery 
throttled at the intake in order to effect 
regulation. The four fuel pumps are like- 
wise combined, being driven from the 
valve-actuating or secondary shaft. (This 
is permissible when regularity of running 
is a factor of second consideration; in 
large engines driving electric generators, 
where the governor is operated from the 
cam-shaft, it is bad practice to drive 
pumps, with their varying resistances, 
through the same medium. ) 

The main features of this engine are 
identical with those published before. A 
departure from the stationary type is 
made in the provision for pumping oil and 
cooling water to the various parts. Lubri 
cation is performed by two small oil 
pumps directly connected to one end ot 
the crank-shaft, which deliver oil to the 
cylinders, bearings and crank-pins. The 
oil is collected, filtered, cooled and used 
over again. Similarly the water pumps, 
which are driven by connections from the 
working pistons, deliver cooling water 
through the jacket space of the engine 
and around the exhaust pipes, so that heat 
radiation is reduced to a minimum. By 
reason of this careful arrangement of 
lubricating and cooling, the heat transfer- 
ence from the engine to its surroundings 
is rendered very small, an advantag® 
which is specially felt on board of a boat, 
where the engine is often confined within 
a very small space. 

Since this engine is intended for the 
propulsion of vessels it has no_ speed- 
regulating governor, but there is a safets 
governor which prevents racing. lie 
quantity of fuel injected, and therefore 
the speed, is regulated by hand. All oper 
ating levers are located close togethe: 
When the engine is to be used for station 
ary purposes it is, of course, equipped 
with a regular governor. The great sav- 
ing in space effected by this high-speed 
Diesel engine over the slow-speed 
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tionary type is indicated by Figs. 1 and 2, 
which show the two types drawn to the 
same scale. According to the figures 
given by the manufacturers, the 300- 
horse-power high-speed engine and fly- 
wheel (designed for a degree of irregu- 
larity of 1:40), with the compressed-air 
tank, cooling and lubricating accessories 
and water pump, weighs 10,150 kilograms 
or 22,330 pounds, while the weight of the 
slow-speed stationary engine is given as 
66,000 kilograms or 145,000 pounds. 

C. Eberle, in Munich, has recently made 
a test on this engine, the results of which 
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behind the exhaust valve for measuring 
the temperatures of the burned gases 
when leaving; at the same place samples 
were taken from the exhaust gases in 
order to determine their content of car- 
bon dioxide and oxygen. The quantity 
of cooling water was measured in cali- 
brated vessels and its temperature deter- 
mined by mercury thermometers- upon 
entering and upon leaving the engine. 
The principal results are given in the 
table on page 452. In order to analyze 
the behavior of the engine at the maxi- 
speed for which it was designed, 


mum 
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The most important figure brought out 
by these test runs is undoubtedly that of 
fuel consumption per hour per effective 
horse-power. From the table it will be 
seen that this figure varies only within 
very narrow limits. At about 250 revolu- 
tions per minute the fuel consumption was 
189.5 grams; at 300 revolutions per min- 
ute it was I92 grams; at 400 revolutions 
per minute, 196.5 grams, or 0.417, 0.422 
and 0.432 pound, respectively. Between 
the limits for which this engine was de- 
signed the increase of fuel consumption 
per brake horse-power-hour was only 4 
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FIG. I. STATIONARY DIESEL ENGINE OF 300 HORSE-POWER 
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FIG. 2. MARINE DIESEL ENGINE OF 300 


HORSE-POWER 


were submitted to the Verein Deutscher 
Ingenieure and are here abstracted. The 
load was provided by a direct-connected 
dynamo, which delivered its power to a 
metal rheostat. The fuel used was gali- 
cian crude oil having the following com- 
position: Carbon, 86.41 per cent; hydro- 
gen, 12.66 per cent.; sulphur, 085 per 
cent.; oxygen and nitrogen, 0.08 per cent. 
!he lower thermal value was determined 

10,070 calories per kilogram or 18,126 
British thermal units per pound. Mer- 
cury thermometers were inserted in the 
€aust pipe of each cylinder immediately 
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OIL-CONSUMPTION CURVE OF HIGH-SPEED DIESEL OIL 


ENGINE AT VARIOUS SPEEDS AND LOADS 


eight tests were made at 500 revolutions 
per minute with loads varying from 170 
to 400 horse-power. It was also deemed 
desirable to determine the running quali- 
ties, output and fuel consumption at all 
speeds between 250 and 500 revolutions 
per minute. Hence the following tests 
were executed: (a) Test with normal 
admission of oil, at 250, 300, 400 and 500 
revolutions per minute; (b) test with 
half admission, at 250, 300, 400 and 500 
revolutions per minute; (c) test with full 
admission at 400 and 500 revolutions per 
minute. 





per cent., and this increase is accounted 
for by the greater pump work and the 
higher pressure losses at the higher 
speeds. It would seem, therefore, that 
combustion in this engine has been uwni- 
formly good at all speeds. 

Tests 4 and 5, made at 500 revolu 
tions per minute show a mean consump- 
tion of 203.5 grams, or 0.448 pound. Even 
up to this maximum speed the increase of 
fuel consumption was not greater than 
7.4 per The result of test 6 


cent. was 


dis- 


influenced disadvantageously by a 
the 


turbance in oil - conducting pipe. 
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Hence the slightly higher consumption 
should not be considered as representative 
when judging the bearing of engine speed 
on the running qualities of the machine. 
It is remarkable, however, that the test 
run in question could have been executed 
with such comparatively good results re- 
gardless of the loss caused in one of the 
working ecylinders, and this at a load 
which nearly equals the normal capacity 
of the engine at that speed. 

Test runs 7 to I0 were made in a 
similar manner as the above, but with 
invariable admission, which corresponded 
to one-half of the normal engine capacity. 
Fig. 3 gives a graphic presentation of all 
figures recorded. The values obtained at 
equal speed for various loads are con- 
nected by curves. They show quite a 
similar course as those obtained from the 
slow-speed stationary Diesel engines. The 
mean increase of fuel consumption, when 
the load drops from normal to half load, 
is 12 per cent., against 14 per cent. for the 
slow-speed type. Test runs 11 and 12 
show the behavior of the engine at maxi- 
mum speed (500 revolutions per minute), 
when yielding an output of 400 horse- 
power effective. Again the slow increase 
in fuel consumption over the normal 
capacity is remarkable. 

Regarding test run 12 it should be 
mentioned that the injection air as de- 
livered by the air compressor was not 
sufficient to support combustion, so that 
a second air pump had to be employed. 
The power consumption of this auxiliary 
air pump was determined as 6.5 horse- 
power, and this amount was subtracted 
from the effective output of 4o1 horse- 
power. 

Since in test runs I to 5, besides that 
indicated and net capacity, the amount 
of cooling water required and its tem- 
perature increase, as well as the com- 
position of the exhaust gases, were de- 
termined, the heat balance of the engine 
can be developed and shows the follow- 
ing results: During runs I to 5, that 
means while the engine was giving its 
normal output, from 31 to 33 per cent. 
of the heat contained in the fuel was con- 
verted into useful work; 32 to 24 per 
cent. was lost to the cooling water, and 
23 to 25 per cent. was carried off by the 
exhaust gases. Since the cooling water 
was discharged from all outlets at low 
temperatures, at some even below the 
room temporarily, no great radiation loss 
can be expected. .The remaining loss, un- 
accounted for, ranges from + 0.3 per cent. 
to —I.9Q per cent. 

The mechanical efficiencies of the en- 
gine made during the runs at normal ad- 
mission and at speeds between 250 and 
500 revolutions per minute, were found 
to be 80 per cent., and for the runs at 
half load 70 per cent., average. These 
values are quite similar to those which 
have been obtained from the slow-speed 
Diesel engines on various occasions. The 
mechanical efficiencies are determined ac- 





SHOWING RESULTS OF TEST ON HIGH-SPEED DIESEL ENGINE AT THE AUGSBURG WORKS, GERMANY. 
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cording to the “rules and regulations for 
testing gas producers and engines,” as 
prepared by the Verein Deutscher Inge- 
nieure, Berlin, Germany (see Power for 
January, 1907), but the power demand 
of the oil and water pumps is included 
in the indicated output, on which the cal- 
culations of efficiency is based. 


SUMMARY 


The results of these investigations can 
be summed up as follows: 

1. The engine worked between 250 and 
500 revolutions per minute with varying 
admission and with a capacity range of 
100 and 400 horse-power with apparently 
perfect combustion, without any disturb- 
ances whatsoever in the valve-actuating 
gears and driving parts. 

2. The change from one speed to an- 
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The Startability of Turbines and 
Reciprocating Engines— 


Graft 


By F. L. JoHNson 


As I was sitting at my desk the other 
day wondering whether what a man was 
worth from his collar button up, as com- 
pared with his market value from the col- 
lar button down, was so very much greater 
as to make the sale of his head worth 
while, a young man was shown in. It 
was my young friend who gave up the 
nerve-racking and brain-destroying strug- 
gle of trying to keep at the head of the 
procession in steam engineering for the 
less strenuous life of chicken farmer. I 
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other was executed within very short was glad to see him. His healthy brown 


time, requiring only the turning of one 
lever. 

3. The valves obtained for fuel con- 
sumption and heat efficiency at all speeds 
and loads are either identical with or 
slightly higher than the corresponding 
values for the slow-speed engine. 

4. The mechanical efficiencies are equal 
to those of the slow-speed engine. 

5. The automatic and forced lubrica- 
tion of the principal driving parts has 
proven highly satisfactory. During the 
two runs of 12 hours each the engine 
worked successfully at all loads and 
speeds without any of the parts becoming 
overheated or otherwise giving 
trouble. 

This new type of high-speed oil engine 
marks an important step toward the gen- 
eral application of internal-combustion en- 
gines for the driving of vessels. 


any 


skin, his clear, bright eye, his strong un- 
gloved hand, and his comfortable uncon- 
ventional dress, changed the chimney tops, 
exhaust pipes and clock towers of the city, 
as I saw them from my window, to green 
fields and wooded hills. He began to talk 
right away, but at first I did not listen. 
I did not care how he got here, whether 
he came by train or floated in at high 


tide. He was here—a part of the old life 
that I had left behind me—and I was 
dreaming. 


Presently I heard the word “turbine,” 
and I came back. 

“What did you say about the turbine?” 
I asked. 

“T said that the turbine is not much of 
a hurry-up, get-into-operation machine,” 
said he. “I have read a great deal of 
advertising matter about how quickly a 
turbine could be got into service, and do 
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you know that the turbine is not in it a 
little bit with the engine for getting up to 
speed and taking a load? I had stepped 
into a plant to look at a new turbine that 
had just been started, when something 
went wrong, and the automatic stop- 
weight came down on the run. The engi- 
neer and two oilers saw the weight come 
down and started to get other units in. 
The two oilers went for an engine, one 
started the condenser and air pump, the 
other opened the throttle, and as the 
engine was getting up to speed he left the 
throttle long enough to turn on the oil on 
one side of the engine. 
started the 
other side. 
turbine 


The oiler who 
attended to the 
The engineer went for the 
opened the throttle wide. 
The circulating and air pumps happened 
to be in operation at the time. I never 
saw better ‘team work,’ as they call it, 
than that engine-room gang did, but the 
turbine was slow. It was one of those 
‘also ran’ cases. The engine was up to 
speed, cut in, and had a 50-per cent. over- 
load on the generator before the turbine 
got to full speed. I have been in that 
plant several times, and I know that under 


condenser 


and 


_ ordinary circumstances the engineer takes 


only a minute and a half to get an 8o00- 
kilowatt engine into service after it is 
called for. How quickly it went in this 
time I do not know, but the engineer said 
to me a few minutes afterward: 

“In this business an engine is the ma- 
chine to tie to if you want something that 
you can depend on.’ 

“But before I forget it I want to tell 
you about some fun I had in the city this 
morning. I went into an engine room 
which you know fairly well, and I found 
the engineer in a hot dispute with a man 
whom I recognized as an engine sales- 
man. He was heaping abuse on the eng1- 
neer to the best of his ability. The poor 
engineer protested and swore, and stam- 
mered: ‘Who—me?’ I waited for the 
irate gentleman to go away before I said 
anything. After he had gone I coaxed the 
whole story out of the fellow. It seems 
his employer had decided to purchase a 
new engine and had left the matter 
largely, if not entirely, to the engineer. 
He saw a chance for a little graft. He 
selected an which he thought 
would suit and entered into negotiations 
with the salesman, and after it was set- 
tled that he was to $200 he 
promised the order. Another salesman 
accidentally caught on and offered the 
engineer $250 to turn the first man down 
and give him the order. He decided to 
do it and promised No. 2 the contract. 
Later a third agent got his ear and told 
him he could fix it so that he could make 
$275, and promise No. 3 resulted. 

“Then he remembered a man who had 
once been looking after some engine busi- 
ness and he called on him, telling him 
that he wanted an engine, and a rake-off. 
The salesman gave him the net price of 


engine 


receive 
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his engine and told him to add his com- 
mission to it to get his rake-off. The 
figure was so low that he decided he could 
add $300 to the price and still be under 
the others, and promise No. 4 was given. 
When he got back to the plant he found 
salesman No. 3 waiting for him with a 
contract. The engineer told him that he 
could do better and would have to give 
the order to someone else. The sales- 
man who, by the way, happened to be 
something of a grafter himself, had 
jammed the price of his engine $500 
above the regular selling price, intending 
to keep for his own use all that he did 
not have to give up to the engineer. He 
promptly relinquished his hope of more 
than $100 for himself and made an offer 
of $400 for the order. The engineer took 
the contract to the office and got it signed. 
And from that day till now he is busy 
trying to keep out of sight of the three 
unsuccessful salesmen to whom he prom- 
ised his patronage. Of course, I had to 
laugh and tell him that the ‘fools are not 
all dead yet.’ 

“Very frequently a salesman will pay 
a.commission to make a sale, but that 
commission carries with it the contempt 
of the man who gives it for the man who 
takes it, for he knows that the buyer and 
not the seller pays the price of the man 
who is bought.” 

Just here we were interrupted by a man 
with a perpetual-motion air-compressor 
scheme, and my young friend arose to 
go, saying that he was going to stay in 
the city a few days and would come and 
see me again. In fact, he was thinking of 
disposing of his chicken farm in New 
Hampshire and buying one on Long 
Island, and he said that if he did so he 
would see me frequently. 





Gas Engines for Steel Foundry 





The Duquesne Steel Foundry, which 
operates a large plant in the Pittsburg 
district, has decided to adopt the gas- 
power system to operate the works 
formerly driven by steam. The initial 
equipment will consist of a 400-horse- 
power (maximum) Westinghouse gas 
engine of the three-cylinder vertical-in- 
closed type, direct-connected to a 240- 
kilowatt generator, which will serve the 
various motor drives around the plant. 
The plant will operate on natural gas, 
which is available in large quantities in 
the Pittsburg district for power as well 
as lighting, at such low rates as to ren- 
der it the cheapest form of power avail- 
able in that section of the country. 





A 14,000-kilowatt Curtis turbine unit is 
being constructed by the General Electric 
Company at the Schenectady shops for 
Portland, Ore. This means about 20,000 
horse-power from a single unit. 
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Steam Pipes, Valves and Fittings 


By W. H. WAKEMAN 





Numerous wrecks of steam plants have 
been reported and illustrated in which a 
bursting fly-wheel has caused the chief 
damage, and in some of them heroic ef- 
forts were made by the engineer to shut 
the throttle valve while the engine was 
rapidly gaining a destructive speed. This 
effort is always dangerous under such 
conditions, because as a general rule the 
plane of the fly-wheel passes very near 
to the throttle valve. 

There are several safety devices in the 
market which automatically prevent ex- 
cessive speed of fly-wheels, but only a 





FIG. I. SHOWING POSITION OF BALANCED VALVE 


comparatively few plants are equipped 
with them. Every plant should be fitted 
with some device whereby the engine can 
be shut down without standing m range 
of the fly-wheel and turning a threaded 
valve-stem through from four to a dozen 
revolutions. 


SIMPLE SAFETY DEVICE 


Fig. 1 illustrates a very simple device 
for this purpose, consisting of a balanced 
valve in the main steam pipe that is held 
open by means of a stout cord passing 
over two pulleys, the end of which is 
fastened on a pin provided for the pur- 
pose. In case of accident which causes 
the engine to attain a dangerous speed, 
the cord may be released from the pin, 
when the weighted lever will fall and close 
the balanced valve, shutting off steam and 
stopping the engine without danger to 
the engineer, as this pin is located on the 
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other side of a brick wall. In case that 
it is not convenient to go to this pin, the 
cord may be cut, allowing the lever to 
drop. 

Fig. 2 illustrates the piping of an 
auxiliary engine as I saw it in service. 
The exhaust pipe with a drip pipe in the 
ell is in the foreground, with the live steam 
pipe behind it. The throttle valve stands 
at an angle of about 45 degrees with the 
wheel almost in contact with the ex 
haust pipe, therefore the engineer must 
be very cautious when closing it, or a 
burned hand will be the result. This 
throttle valve is not in the right place 
for another reason, because the engineer 
must stand in an awkward position in 
order to use it, as it brings him directly 








in place of one of the fly-wheels, and in 
order to avoid this he must stand in a 
dangerous position near the end of the 
crank-shaft which usuaily has a keyway 
in it and sometimes a projecting key. 

By using a cross-valve as shown, a very 
great improvement is made although the 
change seems slight when fairly con- 
sidered. The exhaust pipe is not changed, 
and the cross-valve allows a small drip 
pipe to be located in the lower opening 
of this valve by means of which all water 
is drawn out of the main steam pipe 
before an effort is made to start the en- 
gine. The engineer can now stand in a 
safe place to handle his throttle valve, as 
there is no danger of being burned on the 
exhaust pipe, and in case the engine 
should “run away” he could shut off 
steam without coming into the plane of 
the swiftly revolving fly-wheel. 

One of my duplex pumps, which takes 
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hot water under atmospheric pressure 
only, from a receiver and pumps it into 
a battery of boilers, is supplied with steam 
through a 1%-inch pipe. As the pump 
was correctly designed, well made, and is 
kept in good order it runs easily, hence 
steam at nearly boiler pressure must be 
greatly reduced by the regulator valve in 
order to deliver to the steam cylinders 
just enough pressure to run the pump. As 
the reduction is great, it puts a load on 
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FIG. 2. UNHANDY THROTTLE VALVE 
the valve that sometimes prevents it from 
working easily, hence the regulation of 
speed was not always perfect until the 
by-pass shown in Fig. 3 was installed. 
According to the general custom in such 
cases this pump is located in a deep pit 
in order to permit the hot water to 
gravitate to the receiver, but the de- 
vice shown is where it can be reached 
conveniently from the engine-room floor. 


INSTALLING A By-PASS 

This by-pass is made of 3-inch pipe 
which supplies enough steam to operate 
the pump, so long as the boiler pressure 
is above 30 pounds, but when it is be 
low this point it becomes necessary to 
open the large valve. As 70 pounds pres 
sure is carried as a general rule, and 60 
pounds for a part of the time, it is only 
necessary to open the large valve when 
the pump is wanted before the full pres- 
sure is raised in the morning, or when 
it is time to shut down at night, and 
very seldom then. The regulation of speed 
is now perfect under all variation in pres 
sure. The comparative sizes of the by 
pass and steam cylinders is an im 
portant consideration when designing, as 
steam enough to run the pump must be 
admitted. As the by-pass is made of % 
inch pipe, and supplies steam for two 6 
inch cylinders, pressure is reduced at this 
point by the small by-pass pine, thus 
relieving the regulator valve from fvll 
boiler pressure. 

The connections into the large pipe are 
made at right angles to each other, in 
order to make allowance for uneven con 

ction and expansion of the two pipes 


POWER 


Chis point is further illustrated in Fig. 
4 which is another view of the same de 


vice. When installing this by-pass it was 
not necessary to cut the long piece of 
3-inch pipe to an exact length, as the ar- 
rangement of fittings and nipples admit- 
ted of adjustments to meet an approxi 
mately correct length of pipe. 

The hand-operated oil pump was put 
on in order to provide a way for giving 
the regulator valve (not shown in the 
illustration) a small quantity of oil when- 
ever it is needed. Three ells were used 
to form a pocket in which water will 
stand when it is not full of oil. This 
pocket was not considered necessary when 
the device was first used, but without it, 
steam would heat the glass body until the 
oil boiled over. The pocket entirely elim- 
inated this trouble. On the throttle valve 
of one of my engines there is a similar 
oil pump without this pocket in the con- 
nections, and it gives no trouble by boil 
ing the oil, which shows that a given 
rule may not apply to all cases. 

The steam cylinders of this duplex 
pump are constantly lubricated by a force 
feed pump with two separate feeds, each 
of which delivers directly into one of the 
steam chests. This makes it practicable 
to feed the desired amount of oil into each 
cylinder because it is impossible for one 
to take all of it, which may be the re- 
sult where oil is fed into the steam pipe. 











PIPING OF BY-PASS 


FIGS. 3 AND 4. 


The regulator valve will be lubricated 
better if all of the cylinder-oil for the 


pump passes through it, and if any form , 


of lubricator that discharges in one place 
only is to be used, it may be located above 
the receiver, provided oil that leaks out of 
the regulator valve cannot get into the 
receiver. If this is possible the lubdzicator 
should be located directly on the pump, 
as cylinder oil is not wanted in the feed- 
water. 
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The Scenic Value of Niagara 
Falls 





At the instance of the Geological Sur- 
vey of Canada, Dr. J. W. Spencer has 
just submitted a report on the scenic 
value of Niagara Falls, in which he as- 
serts his conviction that if the concession 
of power franchises is not discontinued 
and the withdrawal of water for power 
purposes is not checked, there will soon 
be no cataract worth conserving for 
scenic purposes. 

The first place to show the disastrous 
effect of the diversion of water would 
be the American falls; but along with 
the virtual disappearance of that cataract 
would go the shortening or narrowing of 
the Canadian falls, which would lose 
800 feet off the end next to Goat island. 
The whole of the falls would be con- 
stracted in length from 4000 to 1600 feet, 
and the diameter of the Horseshoe 
would be shortened to 800 feet. If Dr. 
Spencer is right in his conclusions, the 
effect of the diversion would be to lower 
the water in the basin above the upper 
rapids to such an extent that the surface 
of Lake Erie would be lowered three 
feet, and a like teduction in depth would 
occur in Lakes Huron, St. Clair and 
Michigan, which would entail expenses to 
shipping and terminals out of all propor- 
tion to the value of the power generated 
by the entire diversion of the cataract. 





A Compound Steam Turbine 


Willans & Robinson, Ltd., of Rugby, 
England, who have made an international 
reputation with their single-acting ver- 
tical engines, and have of later years been 
manufacturing turbines of the Parsons 
type, have just brought out a turbine de- 
signed for use with steam of low or exhaust 
pressure, and yet so modified that it may 
be run economically when the exhaust or 
low-pressure steam supply is inadequate 
to the demand. To this end the turbine 
is divided into high- and low-pressure 
sections. If the turbine is to work with 
low-pressure steam only the high-pressure 
section is shut off and the turbine gov- 
erned by the governor valve in the low- 
pressure supply. As the supply to each 
section is provided with both a stop-valve 
and a governor, the turbine may be run 
under four conditions: with exhaust 
steam only, with high-pressure steam only, 
with exhaust and an intermittent 
supply of high-pressure steam, with ex- 
haust steam and a continuous supply of 
high-pressure steam. 


steam 





The marketable output of anthracite for 
1907 was 67,109,393 tons. 
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WE PAY FOR USEFUL 


The Specific Heat of Super- 
heated Steam 





In the February 25 number, Prof. S. A. 
Reeve criticizes quite strongly the ex- 
periments of Knoblauch and Jakob upon 
the specific heat of superheated steam 
under constant pressure, and especially 
questions their method of calculating re- 
sults. It may be of interest to present a 
brief description of both experiments and 
calculations, to see whether there really 
is any such great possibility of error in 
method. The manner of conducting ex- 
periments was as follows: 

In a preliminary heater steam was elec- 
trically superheated to a desired degree, 
every care being taken that the current 
of steam flowing from this apparatus 
should be absolutely homogeneous in con- 
dition. The main calorimeter apparatus 
consisted of a coil of 34-inch copper pipe 
in an oil bath. Within this coil the steam 
was raised from the initial temperature 
t, to the higher temperature tz, electrical 
energy being supplied to keep up the heat 
in the oil. The allowance to be made for 
unavoidable radiation having been care- 
fully determined by special experiments, 
the corrected amount of heat supplied by 
the current showed what was needed to 
superheat the steam. 

In passing through the coil the steam 
dropped slightly in pressure, the actual 
amounts being as follows: 

In seven experiments at 2 kilograms, or 
28.4 pounds absolute pressure, the drop 
ranged from 0.4 to 2 pounds, the mean 
value being 1.4 pounds. 

In seven experiments at 4 kilograms, or 
56.9 pounds absolute, the drop ranged from 
0.4 to 1.6 pounds, the mean being 08 
pound. v 

In five experiments at 6 kilograms, or 
85.3. pounds absolute, the drop ranged 
from 0.6 to 1.1 pounds, the mean being 
0.8 pound. 

In eight experiments at 8 kilograms, or 
113.8 pounds absolute, the drop ranged 
from 0.6 to 1.1 pounds, the mean being 
o.& pound. 

At the entrance to the coil, the pres- 
sure was fi and the temperature was h, 
this t: being anywhere from 15 to 370 
degrees Fahrenheit above the temperature 
of saturated steam of the same pressure. 
At exit from the coil, the pressure was 
p: and temperature was h:, the latter being 
from 50 to 140 degrees Fahrenheit above 





tr. The result finally attained is the mean 
specific heat over the range from h to 
t2; and in calculating this quantity it is 
necessary to take account of the small 
pressure drop from /; to p2. 

The method used by Knoblauch and 
Jakob in this connection is capable of 
simple explanation. To free the deduc- 
tion from the objectionable integration 
sign, we may assume that the specific heat 
c of superheated steam is constant: this 
serves perfectly for illustrative purposes, 
and afterward the fact that c really varies 
can readily be introduced. Using the 
regular (Regnault) formula for the total 
heat of dry saturated steam, and letting 
ts stand for the saturation temperature, 
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DIAGRAM OF RELATIVE HEAT VALUES 


we have for the heat content of one pound 
of superheated steam: 
At pi and ty— 


(1) 
O. = 1146.6 + 0.305 (ts: — 212) + 
c (ti — tsi); 
At p2 and tkh— 
(2) 
O: = 1146.6 + 0.305 (ts: — 212) + 
c (te — tsz). 
The difference, presumably the heat 
needed to superheat the steam, is: 
(3) 


Oz — Qi = 0.305 (ts2 — ts1) + ¢ (te 
—t) +c (te: — ts2), 
the first term, 0.305 (ts: —ts:), being a 
negative quantity. 


IDEAS 


The meaning of these formulas can be 
very well illustrated by means of the ac- 
companying diagram, Here the heat quan- 
tities are laid off to a convenient scale of 
heat units, along vertical lines, just as 
forces are laid off to scale in any ordinary 
force diagram, the lines marked 7 and 2 
referring to conditions 1 and 2 of the 
steam as marked by the subscripts. 

In case 1, the heat content is: Total 
heat of dry steam H; plus superheat from 
ts, to hh. P 

In case 2, the heat content is: Total 
heat H2 plus superheat from tsz to fe. 

The points A and B are supposed to 
mark on line 2 points where the tempera- 
ture is ts: and f:, respectively. 

In the subtraction performed in getting 
equation (3), this range from fs: to t: dis- 
appears from the algebraic expression. If 
the specific heat is constant, or if it has 
the same mean value over the range from 
ts, to t: at the two pressures, then the dis- 
appearance involves no error. If the heat 
required to raise the temperature from 
ts: to ti is not the same at both pressures, 
a proportionate error will be involved in 
results computed by equation (3). Actu- 
ally, with the small changes of pressure 
which occurred in these experiments, this 
error is insignificant. 

The question remains whether the mean 
specific heat over the range (ts:—ts2) in 
equation (3) is the same as that over 
(t2—t). We know that it is not, be- 
cause the instantaneous specific heat is 
much higher near saturation than farther 
out. Since, however, the difference be- 
tween the two saturation temperatures is 
very small, even a considerable error in 
this assumption as to c will have little 
effect. In the worst case presented, at 
28.4 pounds pressure, the difference was 
4 degrees Fahrenheit, and if c has the 
mean value 0.60 over this range, instead 
of about 0.48 farther out, the error in 
heat quantity would be only 0.5 B.t.u. At 
higher pressure, where the temperature 
differences are smaller in proportion, the 
range (ts:—ts:) was only from 0.4 to 
1 degree Fahrenheit in these experiments 
The greatest error, 0.5 B.t.u., if distributed 
over a (t2—#:) range of 100 degrees, will 
affect the value of c by the amount 0.005 

In the absence of an account of th¢ 
method by which Professor Reeve arrived 
at his results, it is difficult to see how h 
got values so widely different from thos 
published by the experimenters. In stat 
ing or implying that Knoblauch and Jako) 
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assumed that the specific heat is constant 
from saturation outward, he is evidently 
in error. What they did assume was that 
the mean value of c from ts: to 4 was 
essentially the same at the two pressures 
p1 and 2; and that for the small range 
from ts: to ts:, c might be taken the same 
as its mean value from 4 to tz. The gen- 
eral method is correct, and the errors in- 
volved are probably inside of the limit of 
experimental accuracy. 

As to the reason why Lorenz and 
others have found by the method of cool- 
ing much higher values of ¢ than are 
given by the experiments of Knoblauch 
and Jakob and of Thomas, this differ- 
ence is easily accounted for by a fact 
which has only forced itself upon the 
attention of experimenters in the last few 
years. This is that it is possible to have 
superheated steam and wet steam in con- 
tact within the same vessel or the same 
pipe. When a current of superheated 
steam is exposed to a water-cooled sur- 
face, as in the experiments of Lorenz, the 
outer layers cool and partially condense, 
while other parts of the steam remain 
superheated and determine the reading of 
the thermometer at the exit from the 
calorimeter; consequently, the heat ab- 
stracted from the steam is too great in 
relation to the apparent pressure drop. 

x. C. HB. Hace. 
South Bethlehem, Penn. 





Faulty Piping 


In reference to P. M. Knopp’s letter, 
on page 301 of the February 25 number, 
I would say that my plant is piped quite 
similarly to that he illustrates, except 
that my valves are in the horizontal sec- 
tion on top, thus avoiding water pockets 
when the valves are closed. But this does 
not seem to be the point in question, 
and I “jump” to the conclusion that Mr. 
Knopp considers traps, separators and 
graceful curves superfluous when the 
plant is being operated 10 hours per day. 
I did not lay out my own system of 
piping, so at first I could not understand 
the need of such a large trap and sepa- 
rator, until one day I received word from 
the laundry that they were getting dirty 
steam. “Why,” said I, “there is nothing 
purer than steam, and distilled water into 
which steam condenses.” I was wrong, 
but I believed I was right when I made 
the statement. 

A few days later the fireman came to 
me, saying: “I can’t keep water in the 
boilers; I lost two gages in three min- 
utes.” I hastened to the boiler room. He 
had the feed-pump running at a good 
clip; I heard the water slapping in the 
cylinder of the engine, while the large 
bucket-trap was dumping every half min- 
ute into the hot-well. The water in the 
hot-well was of chocolate hue. We used 
10,000 gallons of water per day. 


The 
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water contained clay in solution and this 
made the boilers foam. Such is probably 
the emergency for which the designer of 
the piping had made provision. A purifier 
and more frequent cleaning stopped the 
trouble. 

I see no reason why such a lay-out, if 
properly supported, with all flanges com- 
ing together square and true, should not 
give satisfaction without straining. Mine 
did. 

CHARLES HAEUSSER. 

Albany, N. Y. 





Piping a Steam Pump and 
an Injector 





In regard to the suggestion by W, Vin- 
cent Treeby, on page 149 of the January 
28 number, that undoubtedly flange coup- 
lings are the best and most desirable, and 
also that wrought-iron bends should be 


I 
“ih, 


<<? 











457 





and easy access to the main delivery pipe 
to the boiler. 

Another point under observation is the 
use of the flange couplings. In my engine 
room, and [ think it is no exception to 
the rule, appearance cuts some figure, and 
to my view there is nothing that locks so 
old-fashioned as the use of a flange coup 
ling on a small pipe. If the pipe is 2% 
inches or more in diameter, then a flange 
coupling is all right, but on smaller pipes 
a ground-joint union is far preferable, 
both in appearance and facility of removal 
and replacing. 

Cuartes H. Taytor. 

Bridgeport, Conn. 





Heating a Lubricator 





I do not think there would be much 
use for the method of heating a lubricator 
shown on page 302 of the February 25 
number by Gus. A. Janicke. I have 
never found any trouble with a lubricator 
not feeding fast enough, because the oil 
in the lubricator was too thick. But it 
may be a good idea to use the method 
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PIPING A STEAM PUMP 


used on the pump delivery and the main 
delivery pipe to the boiler, | am ready 
to admit that there friction on 
a bend than on two 45-degree ells, still 
it is so small as to be scarcely noticeable. 
Also, very often it is not at all possible 
to screw in a long piece of pipe with a 
bend in it, as this sometimes takes up 
considerable room, and if this is limited, 
the 45-degree ells and the shorter lengths 
of pipe would be the most desirable. 
Reference to the accompanying sketch 
will show that the discharge of the pump 
is “butting” squarely against the back of 
the T-fitting. A much better way would 
have been to use a V-fitting in place of the 
first 45-degree ell, shown in “D. K.’s” 
sketch on page 778 of the November num- 
ber. This would have provided a 


is less 


free 
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AND AN INJECTOR 


in a steam plant which only runs during 
the day, as when the engine room cools 
off at night, in cold weather, it makes the 
oil in the lubricator very stiff, and the 
lubricator will work very well in 
the morning when the engine is started. 
In such a case, if the method is used, and 
the steam turned into the coils one hour 
before starting time, it will warm up the 
coil in the lubricator so it will work all 
right. In steam plants which are run 
continuously there would be no need of 
heating the lubricator, because the engine 
room is always warm and the heat of the 
engine cylinder and the steam pipes will 
keep the oil in the lubricator in fit con- 
dition. 


not 


H. JAHNKE. 


Milwaukee, Wis. 
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Solution of Air-lift Problem 





Referring to Mr. Cerny’s air-lift men- 
tioned on page 265 of the February 18 
number, I believe that if the air pipe 
were carried down and turned up under 
the end of the suction pipe, it would be 
better; also, reduce the air pressure a 
little and increase the size of the air pipe. 
When the water starts to raise, there is 
more pressure in the 8-inch pipe than out- 
side, and when the water starts it goes all 
at once before the atmosphere has a 
chance to force water through the check- 
valve. The pressure has to be released 
below the atmospheric pressure before the 
foot-valve will lift to let the water in. 

THomAS GorDON. 

Sacaton, Ariz. 





A Broken Wrist-plate Stand 





sketch shows a 
the high-pressure 


The accompanying 
wrist-plate stand on 
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Using Graphite for Boiler 
Compound 


Having frequently seen in various en- 
gineering papers references concerning 
the use of graphite as a boiler compound, 
I feel prompted to give my experience. 
I have used it considerably on standard 


water-tube boilers and find it very satis- 


factory, as far as removing scale from 
the drums is concerned, and it will also 
prevent the formation of new scale in 
the drums; but so far I have failed to 
make it do anything for the tubes. 

I usually put from five to ten pounds 
on the baffle-plate in the top of the drum 
when washing the boiler. I think likely 
some goes over into the engine; I cer- 
tainly hope it does. But on removing 
the manhole plate the scale is found to 
have all slipped down to the bottom of 
the drum; and it looks about as much 
like a pile of very thin shingles as any- 
thing. It is very common to obtain pieces 
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A BROKEN WRIST-PLATE STAND 


side of a 600-horse-power cross-compound 
engine. It was broken by carelessness on 
the engineer’s part. In shutting down the 
engine one of the admission-valve rods 
broke and was allowed to fall down and 
catch against the exhaust rocker-arm, 
causing the break indicated. To keep the 
engine in service until a new stand could 
be got out, I bored it out and threaded 
it and put a 3-inch stud in. Then I bored 
out the flange to clear the top at the 
threads, put a nut on the end and sledge- 
hammered it up tight. After running 
about half an hour it showed a little vibra- 
tion, but after taking it off and tighten- 
ing it up again it was as firm as before 
it was broken. This happened more than 
a year ago. 
WRIST-PLATE. 


New Jersey. 


of scale less than 1/16 of an inch thick 
and fully two feet across, and so deli- 
cate as to make it almost impossible to 
handle. 

Sometime ago I visited a plant some 
little distance from here, and knowing 
that the water in that locality was in- 
clined to make considerable scale, I: asked 
the engineer what he used for boiler 
compound. He showed me a barrel of 
some chemical that appeared to be soda 
ash, although it may not have been. He 
also told me the quantity the salesman 
had told him to use for each boiler a 
day, which was very little. He said it 
worked very nicely. Another thing the 
salesman had told him to do was to use 
quite a quantity of coal oil each day. I 
think it is the first time I heard of a 





March 24, 1908. 


boiler-compound salesman advising the 
use of anything but his own compound. 
The engineer is at a loss to know wheth- 
er it is the compound or the coal oil 
that is doing the work. 
a Can 
La Salle, Ill. 





Causes of Knocks in Steam 
Engines 





I believe “W. O. R.” made a statement 
which, should he experiment with dif- 
ferent valve adjustments, he will be con- 
vinced is wrong. He states that “with a. 
horizontal engine in line and properly 
keyed, no valve setting, however bad, can 
make the engine knock.” There is no 
doubt that excessive as well as insuffi- 
cient compression will cause an engine 
to knock or pound, as will too much or 
not enough lead. “W. O. R.” also ques- 
tions the fact that a condensing engine 
should require a different valve setting 
than an engine operating non-condensing. 
Any engineer, who is a close observer 
and who has had experience with an 
engine operating under both conditions, 
and with the same valve adjustment, has 
noticed that an engine with valves prop- 
erly set for condensing, and keyed cor- 
rectly, will have a tendency to pound’ 
when running non-condensing, due to ex- 
cessive compression. 

I have in mind a particular power plant 
where three 500-horse-power, single-valve 
compound engines were installed by the 
writer, with the low-pressure valves de- 
signed to give the proper steam distribu- 
tion in the low-pressure cylinder when 
operating condensing. The engines were 
put into service and run non-condensing 
for several months before the condenser 
was installed, and they all pounded badly. 
Furthermore, there was experienced con- 
siderable trouble and anxiety from the 
connecting-rod brasses heating and break- 
ing. When the condenser was installed 
and in operation, the engine ran very 
smoothly, and trouble from hot and 
broken connecting-rod brasses was elimi- 
nated. 

E.. 3S: &. 

St. Louis, Mo. 


In regard to “W. O. R.’s” remarks on 
this subject, I wish to state that he is 
just the engineer I have been looking for. 
I would like to have him show the engine 
that will run quietly with bad valve-set- 
ting. He admits that it would cause a 
knock in a vertical engine, but what kind 
of lubricant will he use on a horizontal 
engine if he keys it up so tightly that it 
will keep cool and not pound? As to his 
ideas about a compound engine, let us 
take a tandem for illustration. Suppose 
it is working at nermal or full load with 
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cut-off at one-third, the receiver pres- 
sure Io pounds, vacuum 25 inches and the 
steam pressure 125 pounds gage. Every- 
thing is going along finely, say, when the 
condenser kicks. You put her outside, 
does everything remain the same? No. 
Why? Because the receiver pressure has 
gone way up. What is going to be done? 
There is only one thing to do—lengthen 
the cut-off on the low-pressure side. 

If “W. O. R.’s” doctrine is good, why 
do designers want to know if you are 
going to run condensing, or not? Why 
do up-to-date builders put an eccentric on 
the low-pressure side, so you can change 
the travel of the valve? Take a piston- 
valve, for instance, or a four-valve engine. 
What would “W. O. R.” do in the fol- 
lowing case: Take a 15 and 30 by 20- 
inch tandem-compound engine running at 
175 revolutions per minute, with 125 
pounds steam pressure, 25 inches vacuum, 
10 pounds receiver pressure and 2/5 cut- 
off on the low-pressure cylinder. Would 
he leave it there, or change it, if it were 
to be run non-condensing? 

With a load that varies it is very good 
policy to adjust everything for about the 
average, or a little more, and when the 
engine is in good running condition at 
that point it will do very well at the ex- 
tremes, or fairly well non-condensing; but 
the point is, if you are going to continue 
running either way you have got to adjust 
your valve, on account of the difference 
in ratio of the cylinders under the two 
different conditions. On the other hand, 
with the engine running condensing, how 
about the compression? The valve will 
close the exhaust port when the piston is 
within about 3 or 3% inches of the end 
of its stroke. What will be the effect 
when turned outside? I do not mean that 
an engine will not work fairly well if 
thrown outside; and I want to advise the 
young engineer not to lose sight of the 
valve-setting in any engine. Know where 
you set it and why, because if you do not 
you will be busy with the line, a lot 
busier with the wrench and oil-can and, 
after a short time, very busy with the 
boss, settling up and moving on. 

B. R. CUSHMAN. 
Bridgeport, Mich. 





In the February 25 number, “W. O. R.” 
writes of engines not requiring different 
valve setting for operating condensing or 
non-condensing; and he goes on to say: 
“If an engine makes any more noise run- 
ning non-condensing than it does con- 
densing, or vice versa, the valves are not 
set right for running either way. 

This may be true; but if so, there are 
Many engines in operation which will not 
run quietly non-condensing when the 
valves are set so as to give the best pos- 
sible economy when operating condensing. 
This holds true on a number of types of 
engines, as I have proved to my own 
Satisfaction. The engines which have been 
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experimented with are either compound 
or triple-expansion, in operation in rail- 
way plants, and it has been universally 
found in each of the plants that there was 
a decided knocking and chatter in the 
engine when the vacuum was lost, when 
the engines were running under load or 
not under load; that it did require a dif- 
ferent valve setting for quiet operation 
when non-condensing from that when 
operating condensing, and that no point 
in the valve setting could be found which 
would enable the engine to operate quietly 
under both conditions. Whether this is 
true in all simple-engine types, I am not 
sure; but it does hold true in a number 
of simple engines which I have experi- 
mented with. 

I feel, therefore, quite in accord with 
C. J. Larson in his statement regarding 
the valve setting for engines operating 
condensing and non-condensing. 

Henry D. JACKSON. 

Boston, Mass. 





Emergency Repair of a Flange 


Following is an account of a substan- 


tial and safe emergency repair of a 


wine Cracked 
here 


HOW CRACKED FLANGE 


cracked flange on a steam line carrying 
140 pounds pressure. In disconnecting or 
unscrewing a 12-inch pipe flange on the 
main steam line the flange cracked be- 
tween two bolt holes, as shown in the 
sketch. To get another flange in less 
than two days was impossible, so we 
decided to “hoop” it, at the same time 
sending for a new flange. 

The blacksmith made a “hoop” of 
iron of a diameter to suit the outside 
diameter of the flange, making a_ good 
tight fit, the iron being two inches wide 
and ‘4 inch thick. When made and 
welded, it was heated all over as evenly as 
possible, in the meantime the flange be- 
ing clamped as tightly as possible. The 
hoop was slipped down over the flange 
and beaten all around while hot, to make 
it lay snugly. Then it was allowed to 
cool. An iron gasket 1/16 inch thick and 


the same size as the flange, and with bolt 
holes in it, 


was cut. The flange was 
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screwed on the pipe again, and the line 
sprung with a screw-jack and blocks, 
enough to allow for the extra thickness 
of the applied flange and to allow for 
two copper corrugated which 
were put in successfully. In four hours 
from the moment the flange was broken 
steam was turned on again, very grad 
ually. 


gaskets, 


It is two years and a half since the 
repair was made, and although we got 
the new flange three days after sending 
for it, it was never put in place. 

H. M. MAcSweeNey 

Trenton, N. J. 





Boiler Test with Oil for Fuel 


Apropos of recent editorials in PowER 
on the subject of oil fuel, I submit the fol- 
lowing results of a test of two Franklin 


water-tube boilers, of 300 horse-power 
each, using oil fuel. There were no 
special preparations, such as_ careful 


cleaning inside and out, but the test was 
run under ordinary working conditions, 
beginning at I p.m. and ending at 6 p.m., 
closing-up time. The results of the test 
follow: 








One [rou ani Two Corrugated 
Copper ¢ 


WAS REPAIRED 


Water evaporated from and at 212 de- 
grees—78,592 pounds. 

Pounds of fuel oil used—s600. 

Pounds of water evaporated per pound 
of oil—14.03. 

Cost of oil per 315 pounds (barrel)— 
80 cents. 

B.t.u. per pound of oil—19,000. 

Efficiency of boiler and furnace—o.713 

Flue-gas temperature—485 to 500 de- 
grees. 

Per cent. of steam used in burner—1.5 

Wages saved per week (estimated) 
—$25. 

Cost of 10,000 B.t.u. at the plant—$2 
per ton. 

A great deal can be said about oil fuel 
and I would like to see some letters from 
other oil burners in the fuel-oil zone. 
There is not much to be learned from the 
so-called experts who sometimes repre- 
sent the oil-burner people, for their in- 
structions to firemen are usually of the 
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“hit-and-miss” pattern. There are about 
57 varieties of furnaces in which fuel oil 
is burned, but which is best seems to be 
an open question. Speak up. 
Epwarp H. LANE. 
Kansas City, Mo. 





Keeping Boilers Clean 





At a steam plant where I formerly 
worked, the boiler cleaning was done on 
the morning shift when possible; the 
engineer in charge was held responsible 
for their condition, and if any traces of 
oil were found in the boilers it was to be 
reported. . 

We obtained our feed-water from a re- 
ceiver tank containing the drips from the 
dry lofts, and the exhaust from two 
12x14-inch engines, after it had passed 
through a system of dry rolls. There was 
an oil extractor between each engine and 
the receiver tank, but the chief was 
always afraid of oil getting into the 
boilers. 

The chief, to illustrate how oil may 
cause trouble, took some water and 
poured it into the depression in the 
cylinder-head of a vertical pump, which, 
being full of steam, caused the water to 
form into small globules, which the chief 
said was the process of receiving latent 
heat and that when they got enough they 
would start for the surface of the water 
and deliver their portion of steam. They 
soon started to rise to the surface of the 
water and so quickly that the eye could 
not follow them; but one could see the 
tiny puffs of steam issue from the globules 
of water as they burst. 

I asked the chief about the circulation 
up the sides and down the center, which 
the books say takes place when a boiler 
is making steam. He replied that the 
circulation might take place in a boiler 
as the books say, but the bubbles looked 
to him as if steam was formed close to 
the hot plates or tubes and then started 
rapidly for the surface, no matter whether 
it was from the center or the sides; that 
its place was immediately taken by other 
bubbles which, receiving their heat, rose 
to the surface, and so on until the water 
was all evaporated or more added. 

When the water on the pump head was 
all evaporated I noticed that the pol- 
ished cylinder-head was red in spots. The 
chief said that it was corrosion and was 
due to the acid and oxygen in the water 
attacking the iron where the skin was 
broken; that as long as water was used 
for making steam in iron boilers, cor- 
rosion would occur in a more or less de- 
gree and would have to be guarded 
against. 

Next he put some soapy water on:the 
pump cylinder-head. It started to foam, 
which, the chief said, represented foam- 
ing in a boiler; and he advised me never 
to let a fireman feed water into a boiler 


POWER 


that was foaming, unless I knew abso- 
lutely where the water line was. The 
way to find the true water level is to 
bank the fire and close the damper, but 
there is no necessity of cutting the boiler 
out if it is working connected to other 
boilers. After the water level is known, 
if it shows in the glass, feed and blow 
down the boiler at the same time, which 
will prevent foaming from occurring 
again; then the fire may be started. 

I put more clean water on the cylinder- 
head and the chief poured some cylinder- 
oil on top of it and said that was how 
the oil looked when it first entered a 
boiler. In order to explain how oil, 
floating around on top of the water, could 
harm a boiler, he got some dirt and sand 
and put a little on top of the oil, adding 
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prevents radiation why he made me pol- 
ish the cylinder-head and valve-bonnets. 
He replied that that was another story, 
and we are keeping the scale out of the 
boilers and polishing the cylinder-heads 
and valve bonnets in the same old way. 
THOMAS SHEEHAN. 
Pittsfield, Mass. 
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What Followed the Repair of a 
Broken Crank-shaft 





Several months ago a local glass com- 
pany had the misfortune of a broken 
crank-shaft on one of their gas engines. 
The break was repaired by shrinking a 
band around the broken parts, but this 
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HOW CRANK-SHAFT WAS 


more until the oil sank to the bottom 
and stuck to the iron; but no bubbles 
formed over the oil, as the oil prevented 
the water from reaching the iron and 
also prevented the heat from radiating 
through. The chief said that if the oil 
were on a boiler sheet, the sheet would 
absorb heat from the fire; but that the 
oil would prevent the heat from being 
given up to the water and that eventually 
the sheet would become overheated and 
the internal pressure would force the 
plate down into what is called a bag. 
If it was a large bag it would be neces- 
sary to cut it out and put on a patch. 
The inspector would then change the fac- 
tor of safety from six to five and the 
steam pressure would have to be reduced. 

I next asked the chief why it was if 
corrosion attacked a boiler when clean 
and free from scale more readily than if 
it were dirty and scaled, that we cleaned 
boilers so often; and that if cylinder-oil 
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costly repair only lasted a few months, 
and all attempts to repair it again failed. 
As a shut-down would cause a very great 
loss, the engineer’s suggestion of a risky 
experiment was adopted. 

The break was in the elbow opposite 
the crank-pin and extended from the in- 
side corner to the outside, leaving the 
crank-pin joined to the part of the crank- 
shaft that did not hold the pulley fly 
wheel. The pulley fly-wheel and its piece 
of crank-shaft were entirely removed 
from the other part of the engine, the 
other fly-wheel was also removed, and the 
fly-wheels were exchanged, that is, the 
pulley fly-wheel was changed to the side 
that the other one had been on, leaving 
the piece of crank-shaft containing the 
crank-pin in its proper place. Then a 
brace A (see sketch) was run from the 
wall B. After fastening this firmly, the 
engine was started, with the time of the 
ignition retarded in order to lessen the 
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strain. Considering everything, the ma- 
chine ran very well for a while, although 
it certainly looked odd, running with only 
one fly-wheel and one bearing for the 
crank-shaft. The strain proved too much 
for the bearing F, which broke from the 
engine bed. Only the fact that the break 
was a slow one and was observed by an 
attendant prevented a disaster. As it 
was, the machine was stopped before the 
bearing had entirely broken off. 

A heavy strap of iron E was fastened 
around the bearing and to the bed by 
means of rivets, and another brace C was 
run over to the other wall D. Again the 
engine was started and this time the re- 
pair lasted until a new crank-shaft was 
received, but during this strange run there 
were some scared men in that factory. 


RoyaL WOLFE. 


Lancaster, O. 





Engineers’ Licenses 





Regarding M. E. Webber’s comments, 
on page 339 of the March 3 number, on 
the editorial, “Engineers’ Licenses,” I 
share Mr. Webber’s belief, with the addi- 
tion that a man who cannot qualify for 
the engineer's grade (the “first,” or 
“unlimited”) may at the discretion of the 
examining board receive a_ license to 
operate certain machines in one particular 
plant and nowhere glse. While I know 
that it will provoke a lot of comment 
along the line, that a man who can handle 
a 40-horse-power engine can handle a 
100-horse-power one, and, in turn, a 400- 
horse-power engine, with accessories, I 
think any fair-minded engineer will admit 
that this is not necessarily true, and that 
there are many small and medium-sized 
plants which can be safely entrusted to 
the care of a man not holding a “first.” 

The question of whether a man shall 
receive an unlimited or a special license 
may become rather delicate, and I think, 
as Mr. Webber suggests, should be in 
the hands of at least three men. In this 
State, where anybody who can open a 
throttle is an engineer, and firemen are 
rated on their shoveling ability, I have 
heard a man remark that he would rather 
have a man with some practical(?) ex- 
perience on engines, than some college 
man who could answer the high-sound- 
ing questions asked by the examiners. 
That licenses are often easily obtained is 
too true. An-engineer of my acquaint- 
ance who holds a “second” in Massa- 
chusetts declares, “I don’t know much 
and don’t want to.” This same man says 
that protecting the blow-off pipe is use- 
less, that it will never burn off if it is 
full of water; also, that a compound 
engine is no good on heavy loads; and 
that when his engine takes steam almost 
full stroke the governor is too slow to 
hold the engine, if the load should go off. 
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As the engine is a single-eccentric Cor- 
liss, his late cut-off is a mystery to me. 
D H. 
Claremont, N. H. 





Loose Piston-heads and Rods 





A. T. Rowe's letter on “How to Pre- 
vent Loose Piston-rods,” on page 152 of 
the January 28 number, reminds me of a 
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piston-head that got loose. The rod had 
been turned down, leaving a shoulder 1/16 
inch wide by 1/ 
the thrust of 


32 inch deep, to withstand 
This 


the head. shoulder 
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was sheared off, allowing the piston-head 
to move onto the Y%4 inch and the 
packing-ring to drop into the forward 
counterbore (see Fig. 1). We had an 
interesting time getting it out. 

I have noticed that common practice 
in getting the rod tight in the crosshead 
is to tighten the nut as much as possible 
with a wrench and then tip the nut up 
with a hammer. This is a very bad prac- 
tice, for the reason that the metal where 


rod 
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the nut is struck is expanded and throws 
the crosshead out of line. 
type of the crosshead is made 
up of three pieces, the crosshead, the 
wrist-pin and a cast-steel taper pin to hold 
the wrist-pin bushing in place. In the last 
five years it has been necessary to replace 
the taper pin three times. Twice the pin 
has been broken squarely off at the mid- 
dle, and once it was sheared nearly % 
inch at each end of the bushing. 

I would like suggestions as to how to 


In a certain 
engine 


prevent water coming over into the engine 
cylinder. | that 
better 


have plan 


might be 


adopted a 


works pretty well, and 
(see Fig. 2). 
H. B. Branp. 


Bre « klyn, N. a 





Keeping Tabs on Engineers and 


Firemen 
In the letter by “C. S.,” on “Burning 
Ash in the New York Schools,” pub- 


lished on page 335 of the March number, 
he speaks of what makes a good fireman. 
| heartily agree with him that a good fire- 
man must have intelligence and ambition, 
and he must feel that his efforts are ap- 
How to 


preciated. The next question is: 


SS 








a 


keep that fireman ever on his guard to 
burn the coal so as to save the most heat. 

Suppose the employer keeps an accurate 
account of the amount of,coal he buys, 
which should be the amount delivered 
into heat units under the boiler, and also 
suppose there is a good pressure-record- 
ing gage, so located that it cannot be 
tampered with, and a record is kept of 
the charts furnished by that gage; the 
fireman would be more careful about the 
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amount of coal he used, and also about 
his drafts. Then we would not hear so 
much about the smoke nuisance. 

The fireman will be more careful, but 
what about the careless engineer? Should 
we not have a check on him, so he will 
be more economical in the use of steam 
that has cost so much money? The engi- 
neer who allows a few leaky joints in the 
steam pipes, or an engine with improperly 
set valves, or a condenser not properly 
regulated, etc., is not the proper person 
to credit with the economical running of 
a plant—just because he is the engineer. 

Suppose we install a recording steam 
meter at some point on the steam main, 
where all the steam used for the plant 
would pass through it, it being so ar- 
ranged that no one could alter it. A 
record of this meter, kept by the em- 
ployer, would be a check on the engineer. 
In addition, the indicator diagrams from 
the engine also form a large link in the 
chain of economy. 

The employer, then, has four records. 
The weight of the coal, a record of the 
boiler pressure, a record of the steam 
used, and the indicator diagrams. With 
these records carefully kept the fireman 
cannot lay’ the blame on the engineer, and 
the engineer cannot attribute the fault to 
the fireman. Let credit be given to whom 
credit is due. 

Henry B. Hicks. 

Oriskany Falls, N. Y. 





A Problem in Hydraulics 





Figs. I and 2 illustrate a little exchange 
of “hot air’ at one of our engineers’ 
meetings. It was simply a question in 
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hydraulics, as I understand it, but from 
the way the house was divided there may 
still be room for argument. The proposi- 
tion is this: Both columns are filled with 
water to the top, the hight being the 
same, say 10 feet. The areas of the pis- 
tons are exactly the same, 144 square 
inches. In one case, however, the col- 
umn is the same diameter as the piston, 
while in the other the column is simply 
an inch pipe, as shown in Fig. 1. The 
question is, with both columns full of 
water and the pistons free to move in the 
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bottom of each column, which scales will 
show the most weight, the scales taking 
the thrusts of the piston-rods as shown? 
E. H. LANE. 
Kansas City, Mo. 





Engineers Should Know Steam 
Fitting 

] have seen a great many references to 
“machinist stationary engineers,’ coupled 
with the assertion that one cannot be a 
good engineer unless he has had a few 
years’ experience in a machine shop. 
There is no doubt that an engineer would 
be more valuable to his employer if he 
were also a good machinist, but would he 
not be much more valuable as an engi- 
neer if he were a practical steam fitter? 
Most engineers will agree, I think, that 
there is much more of piping work to be 
done «round a plant than of engine-repair 
work. Practical engineers know enough 
about the apparatus in their charge 
to be able to set valves, pack piston-rods 
and attend to many other demands as well 
as if they were machine-shop men. But 
how many are capable of designing a 
safe, economical and proper system of 
steam piping? Furthermore, how many 
are able to do the work themselves, or 
even to direct it intelligently, after it is 
designed ? , 

Advocates of the “machinist-engineer” 
plan appear to lose sight of the fact that 
there are many things besides the engine 
in the modern steam plant for the “chief” 
to look after. If the pipe fitting through- 
out is properly done the chances of acci- 
dent to the engine are greatly reduced, for 
one of the:most frequent causes of such 
accidents, namely, water being carried 
over from the boilers, or from pockets, 
will be eliminated. 

One does not need to be a machinist 
to keep his engine in good order, but he 
certainly must be intelligent, careful and 
industrious. If the oil supply is neg- 
lected, or if bearings are allowed to get 
dirty, or loose, through laziness or care- 
lessness, nothing but a shut-down need 
be expected. And even if the engineer 
has had a machine-shop training he may 
be careless. 

When an engine becomes old and worn, 
or the cylinder needs reboring, ninety 
times in a hundred it will pay the owner 
to have the regular engine-repair men do 
the work; for although the engineer may 
be a machinist there is a chance of his 
making a poor job of the reboring, espe- 
cially with home-made tools, or he may 
ruin the cylinder. 

In certain small isolated plants a “ma- 
chinist” engineer would be a_ valuable 
man, no doubt, but in most ‘of the city 
power plants, and in out-of-town plants 
of any size, repairmen are maintained on 
the premises, or a repair-shop is close at 
hand where serious breaks can be re- 
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paired much more quickly and much bet- 
ter than ordinarily would be done by a 
“machinist” engineer. 
James E. NoBLE. 
Toronto, Ont. 





A Peculiar Knock in an Engine 





Once I had quite an experience with a 
knock in a high-speed, tandem compouud- 
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HOW BEARING WAS FIXED 


condensing engine. I located the knock 
in the main bearing. Upon taking up the 
shaft to see if I could discover the cause, 
I found that the babbitt in the bearing had 
worn so much that the shaft ran on the 
bottom of the box and was slack on the 
sides. There being no way to adjust it, | 
scraped the bottom about two-thirds of 
the way around until I got a good bear- 
ing, leaving it a little slack in the bottom. 
After starting I found that I had over- 
come the difficulty and felt more than re- 
paid for my trouble. The accompanying 
sketch will make the matter plain. 
J. P. Grice. 
St. Clair, Mich. 


Leaky Flanges Cured 








When I took charge of the present 


,plant, the steam pipes from the two boil- 


ers had a vertical rise of six feet, with a 
globe valve located about two feet above 
each boiler. The boilers were operated 
alternately and whenever either was cut 
in, there was four feet of 5-inch pipe full 
of water above the valves. With this ar- 
rangement it was impossible to keep the 
flange between the valve and pipe from 
leaking, and the water would soak 
through the boiler covering and run down 
around the girth seam. 

I put a bleeder in each of the pipes, 
just above the valve, connected the bleed- 
ers by a tee, and’ran them to another tee 
just above the blow-off. By placing 
valves in the bleeders, close to the mains, 
and other valves close to the blow-off, we 
are able to keep each pipe drained and 
full of live steam at all times, and have 
not since been troubled by leaky flanges. 
The blow-off pipes are also used for 
boiler-feeding purposes. 

O. VotceEr. 

South Bend, Ind. 
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‘Is the Game Worth the Candle >” 


In the March 
editorial, written in a more or less jocular 
vein, headed: “Is the Game Worth the 
Candle?” ‘Therein 
questions which would seem to be quite 
easy to the vast 
amount of information about superheated 
steam which has been gained in this coun 
try during the past few years. 

1. “How highly should steam be super- 
heated to obtain the best results, either in 
the turbine or in reciprocating engines?” 

In the absence of data we 
should settle on 500 degrees at the engine 
throttle, and arrange for the steam to be 
superheated sufficiently to give this tem 
perature. Such a moderate temperature 
as this need not be regarded as providing 
an extra hazard in a steam-pipe line or 
engine of modern design, such as would be 
suitable for a pressure of 150 pounds per 
square inch, and in fact several instances 
are known to the writer where tempera 
tures approaching this are carried on old 


10 number there is an 


are asked several 


answer in view of 


specific 


engines and steam lines without extra- 
heavy bolting, and with the original rub 
ber gaskets which have been baked in 
years of service. 

2. The second and third questions re- 
late to fuel economy by the use of super 
heated steam. Exact figures would natur 
ally vary with the conditions governing 
any specific case. An important factor in 
such a calculation will obviously be the 
cost of fuel, but at an average price such 
as would be met with in most manufac- 
turing centers in this country, it is usual 
to find that a superheater installation will 
pay from 30 to 60 per cent. per annum on 
the investment, after making due allow 
ances for capital and maintenance charges. 
Extreme cases have been shown where a 
superheater installation will pay for itself 
in six months, and it is only fair to admit 
that there are cases where a superheater 
installation could not recommended 
for fuel economy alone, but other advan 
tages may be found to justify such an in 
stallation. 


be 


As examples I have chosen 
seven types of plant which have been re 
cently tested. 

First. A 34x48 simple non-condensing 
Corliss engine is served by five 72x18 hori 
‘ontal return-tubular boilers operating at 
100 pounds pressure and 150 degrees super 
heat, hand-fired. This plant had been in 
operation for some years and a careful 
record of the fuel used for pur 
poses per ton of output had been kept. 
\fter superheaters were installed in all 


steam 


ive of the boilers the fuel economy 
howed : 
First month, 10.80 per cent.; second 


nonth, 15.87 per cent.; third month, 22.18 
er cent.; fourth month, 19.18 per cent.; 
iverage, 15.26 per cent., as compared with 
he average for the previous year. 
Second. An electrical power plant con- 
isting of four 19x3Ix22 vertical cross- 
compound automatic cut-off condensing 








POWER 


engines, each connected to one 300-kilo 
watt 250-volt direct-current 


three type T D DeLaval single-stage tur 


generator ; 


bines, designed for 80 pounds steam pres 
revolutions minute, each 
geared to two 100-kilowatt DeLaval 250 
volt 
to operate at goo revolutions per minute; 
two 14x24x14 Westinghouse single-acting 
compound automatic cut-off, non-condens- 


sure, 9000 per 


direct-current generators, designed 


ing engines, one of which was belted to a 
General Electric class 14-120-1070 alter 
nator and the other to a General Electric 
class 10-60-1500 Allis-Chalmers machine. 
Six Babcock & Wilcox boilers, 14 feet wide 
and 9 feet high, equipped with Foster 
superheaters supplied the steam. About 100 
feet of steam pipe, part of which ran out 
of doors, connected the boilers with the 
engines. Tests of eight hours’ duration 
were made on both the engines and boil 
ers after superheaters were installed in 
all of the boilers. The first test was run 
with the steam superheated 140 degrees. 
For the purpose of the saturated test the 
superheat was neutralized by spraying 
water into the steam, which reduced the 
temperature to nearly the point of satura 
tion, a few degrees of superheat being 
permitted to remain to make sure of dry 
“A fuel saving of 10.8 per cent. 
the 


No change was made in details 


steam. 


was effected by use of superheated 
steam.” 
of the piping for superheated steam. 


Third. 


heaters were attached to old boilers which 


A soap factory where super 


supplied steam to non-condensing Corliss 
air compressors and direct-acting pumps 
where “an approximate fuel saving of 


15 to 20 per cent.” is reported by the 
president of the company. 

Fourth. A large bridge works, the 
power plant served by return-tubular 


boilers, the buildings extending over a 
large area. The manager reports a “fuel 
saving well over 10 per cent.” 


Fifth. 


which has been in operation for several 


A water-works pumping station 


years, equipped with direct-acting high 
duty those 
of the vertical-crank and fly-wheel type. 
The 


pumping engines, as well as 


result is “a reduction in coal con 


sumption from approximately — 13,000 
pounds per day to less than 11,000 pounds, 
doing the same amount of work.” 

Sixth. 
saving of 
after the 


attached to 


A gas-works plant where a fuel 


over 10 per cent. was shown 


installation of 
the 


superheaters 
return-tubular 
boilers, accompanied with an increase in 
output of 7 per cent. 
four 


horizontal 


The steam is used 
the of 
which is 14x12x14, and the smallest 12x12, 
and DeLaval 
three exhausters, four feed-pumps 
pur 


greatest 


on air compressors, largest 


one 300-horse-power tur 
bine, 
and several other pumps for various 
the 


for 


poses, aside from which 


amount of steam is used the water 


gas generator. 

Seventh. A 400-kilowatt Westinghouse 
Parsons steam turbine in a New England 
mill shows a saving in steam consump- 





‘furnishing superheated steam, it 
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tion of 10 per cent. for 100 degrees of 


on tests ranging from one-half 
full load. 
3- \s to the extra cost per pound ot 


superheat, 


load to twice 


must he 
explained that this extra expenditure o| 
fuel takes place at an efficiency of 100 
per cent, in cases where superheaters are 
combined with boilers and located within 
This is a more economical 
fuel than 
Furthermore, it is 
to be noticed that the efficiency 


their settings. 


way of utilizing by adding 


boiler capacity. fre 
quently 
of semi-steel for bronze, valves designed 
the installation of 
superheaters, because the gases are dis 


been increased after 


charged into the stack at a lower tem 
perature with than without superheaters 
\ pipe line of modern design, good fo 
150 pounds pressure will be good for 506 
degrees temperature, and there need be 
no difficulties experienced whatever, pro 
vided ordinary provision is made for ex 
pansion and contraction. 


4. As to valves, it is true that some 
makers find that due to the substitution 
of semi steel for bronze, valves designe | 


for superheated steam cost less than thei 
standard valves. 


5. Lubrication need not be considered 


in the case of turbines, and is not neces 
sarily more expensive on an engine. The 


writer is personally familiar with one cas« 


that of a pair of marine engines 
where no oil whatever is used in the 
cylinders, even though the steam is supet 


heated. 


6. The editorial states that “engineers 


have decided that superheat is a good 
thing and have prescribed superheat ad 
libitum.” We have not found this the 
case. Usually engineers are very care 
ful to state what superheat they wish 


and the apparatus is designed accordingly 
7. I fail to 
case cited in 


see significance in the 
small 


wet steam was required for a particula: 


any 
which a amount of 


part of a turbine where the plant was 
built for superheated steam. The percent 
age of saturated steam required far thi 
purpose is infinitesimal 


probably com 


the plant, 


m to be good engineering 


pared with the steam used for 
and it would se 
to provide a brass coil for radiating the 
superheat for this special purpose 

8. Finally, we come to the suggestion 
“a shorter pipe run through a feed 
water heater would pay bigger dividends.” 
It is difficult to furnish any statement in 


that 


regard to this because the suggestion is 
rather vague If it is intended to com 
pare a steam superheater with a feed 
water heater, I think it may be safely 
stated that there is no conflict whatever 
between these two forms of apparatus; 


each has its own field and they are gen 
erally found in combination on the same 
plant, and quite properly I should say. 
Our answer to the question, “Is the 
Worth the 


Game Candle?” is Ves! 


E. H. Foster, 


New York City, 
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‘6 We” 


When an editor says “we” he speaks 
not personally, but in the name of his 
constituents. “We believe thus and so,” 
in the columns of a great paper, expresses 
not the personal conviction of an editorial 
writer, but the belief of the constituency 
of the paper, the thing for which the 
paper stands, and for which, and for other 
equally acceptable propositions, it receives 
the support of those who patronize it. 

When Power says “we” in the future, 
it will speak for a greater constituency 
than has ever been represented by a tech- 
nical journal in the history of technical 
journalism. Commencing with the issue 
of April 14, the two leading American pa- 
pers which have devoted themselves to 
the generation and transmission of power 
will be consolidated into one great pub- 
lication under the title of Power AND THE 
ENGINEER, which will be issued, as is 
Power at present, weekly, and which will 
have a paid circulation, when all dupli- 
cates have been eliminated, of upward of 
forty thousand. 

The best talent of both papers will re- 
main in the consolidation. This combina- 
tion of the resources of the two papers 
will make it possible to do more for the 
reader in the adequate treatment of de- 
velopments and happenings in the field of 
inechanical engineering, and in the con- 
centration into the columns of a single 
publication of the best thought of the best 
minds of the profession. Every engineer 
who can read will take a paper if it has in 
it the particular things that he wants to 
know. We are going to try to be that 
paper, to print the history of mechanical 
engineering as it is made, in a way that 
all can understand and will stop to read, 
and with all the promptness which our 
exceptional facilities permit; to be the 


source of the best and most ‘reliable 
information pertaining to power-plant 
practice. 


To the patrons of our advertising col- 
umns we offer access to a constituency 
who read the paper because they like and 
believe in it; and we shall perform our 
best service to them in the future, as in 
the past, by maintaining and justifying the 
assurance that the reading columns are 
conducted entirely in the interest of those 
who buy and read the paper. The pool- 
ing of our means and facilities and the 
consequent reduction of overhead charges 
and expenses will enable us to do more 
for the advertiser for less money than 
any mechanical paper has been able to do 
before, and the advanced place which we 
shall take in technical journalism will in- 
sure an ever-increasing value in the ex- 
tent and character of the constituency 
which we shall represent. We _ invite 
cooperation to that end, in the way of 
advice as to what is wanted arfd in prompt 
notification of happenings of engineering 
interest, 
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‘* Is the Game Worth the Candle >” 


An editorial which appeared in our 
issue of March 10 under the above cap- 
tion has called out an able defense of the 
superheater by Ernest H. Foster. There 
is little use of academic discussion in the 
face of proven facts, and the many in- 
stances to which Mr. Foster is able to 
refer in which the superheater is making 
substantial savings, not in pounds of 
steam, but in the fuel bill, with little 
complication and no trouble with engines 
or piping, seem to prove that the game 
is worth the candle in many cases at 
least. , 
The article was not intended, however, 
to be a stricture on the use of superheat, 
the success of which in moderate degrees 
is established beyond controversy. The 
reason that Mr. Foster’s company has 
something like a thousand superheaters 
in successful operation is due to its early 
recognition of the fact that “success lies 
in limitation,” and to its insistence upon 
keeping the degree of superheat within 
those limits, beyond which the difficulties 
in packing and lubrication referred to in 
the editorial begin to make themselves 


felt. 





Accident and Progress 

To what extent are we indebted to acci- 
dent for advancement along mechanical 
and other lines? A working model of the 
Newcomen pumping engine at the Uni- 
versity of Glasgow, Scotland, got out of 
working order, and was turned over to a 
maker of mathematical and surveying 
instruments for repairs. The repairs were 
made and the model put into working 
order, but the work of repairing and test- 
ing the machine set under way a long 
line of experiments and tests which dis- 
closed the wastefulness of the machine as 
a heat engine. Watt seems to have pos- 
sessed a mind given to pondering, and he 
turned over and over in his mind the 
facts that he had discovered until their 
causes became clear to him. He cal- 
culated the amount of steam that should 
raise the piston to the top of the cylin- 
der; then he weighed the steam actually 
used for doing this work. He sought for 
and found the cause of the discrepancy. 
Cylinder condensation was replaced by 
the separated condensation and the im- 
provement was marked. The single-act- 
ing cylinder was changed into a double- 
acting cylinder; the reciprocating motion 
of the piston was converted into the 
rotary motion of the shaft by means of a 
crank, and the steam engine was born. 
How long it would have been delayed 
had it not been for the Newcomen engine 
model getting out of repair no one can 
say, but it is certain that that accident ac- 
celerated the march of progress in the 
case of the steam engine, 
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Gas-producer Ratings 





Several months ago we commented on 
the injudicious ratings adopted by some 
builders of suction gas producers, and 
suggested that it is not a good policy to 
rate such producers on the basis of high 
rates of coal consumption per unit of 
grate surface. This judgment has been 
vindicated many times during the past 
year by shut-downs and lesser troubles 
due to high rates of coal burning. The 
latest instance is the plant of S. W. Rush- 
more, at Plainfield, N. J., some of the 
misfortunes of which were described last 
week in a letter from Mr. Rushmore. He 
is a gas-power advocate and victim of the 
highest order, and we have personal 
knowledge of many of his troubles and 
of his plant conditions—we have seen 
those tombstone foundations and _fol- 
lowed his struggles more or less closely 
for a year or more. Mr. Rushmore says 
he does not know of a suction producer 
that can be operated continuously at 
nearly its rated load, on American coal. 
We do know one or two that can be so 
operated without giving undue trouble, 
but they are not rated on the basis of 
twenty pounds of coal per hour per square 
foot of grate; the rating is around ten 
to fourteen pounds, notwithstanding the 
fact that it is entirely practicable to burn 
thirty pounds—for a while. 





What the Indicator Does 





Two men were discussing an indicator 
diagram. One of them said: “The dia- 
gram is unreliable, for there are evidences 
of friction in the indicator.” “You will 
always find that the indicator piston 
sticks,” said the other. And in the main 
this is true. The piston sticks oftener 
than not. Indicator makers are not par- 
ticular enough about freedom in the 
cylinder, being more solicitous about mak- 
ing a piston that will not leak than in 
having one that will be frictionless in the 
cylinder. A leaking piston will not affect 
the diagram unless so much steam passes 
that a back pressure obtains above the 
piston. When no steam escapes past the 
piston the diagram should be regarded 
with suspicion. 

The indicator will tell the truth if 
allowed to do so. It is intended that the 
diagram shall be a record of the steam 
distribution in the engine cylinder, but it 
is a record of the steam behavior in the 
indicator cylinder, modified by several 
factors. Long, unprotected pipes, angle 
valves, globe valves and restricted pas- 
sages in the indicator cock all tend cither 
to modify or vitiate the record. It takes 


time for steam to travel from the clear- 
ance space of the engine cylinder through 
nipples, angle valves, or elbow and globe 
valves, 


to the indicator cylinder, and 
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when this travel is through rough iron or 
uncovered brass pipes the diagram does 
not tell what is going on in the engine 
cylinder. This discounted record, if 
still farther modified by a sticking piston, 
is worse than worthless, it lies. If any 
credit be given to a diagram taken under 
such conditions it becomes a blind leader 
of the blind. 





Jove Nods 





The discussion of Dr. Steinmetz’ paper 
on “The Steam Path of the Turbine,” at 
the March meeting of the American Soci 
ety of Mechanical Engineers, turned upon 
his formulas for the energy 
from and the velocity produced by ex- 
pansion. An astonishing feature of that 
discussion was the denial by no less an 
authority than Strickland L. Kneass that 
steam expands adiabatically in passing 
through a nozzle. This denial could be 
understood and acquiesced in if it dealt 
with the precision of the mode of ex- 
pansion. Nobody would contend that an 
action, the distinguishing characteristic of 
which is that there shall be no heat trans- 
fer, can take place with exactness in a 
conducting nozzle, one end of which is in 
contact with the high temperature sup- 
ply; but the passage of the steam through 
the nozzle is so rapid, there are so little 
time and opportunity for heat absorption 
from the nozzle, that the action is believed 
to be essentially that of a body expanding 
without receiving or giving out heat ex- 
cept as it converts it into work: that is 
to say, adiabatic. 

It is not conceivable that the steam can 
absorb much heat from the nozzle or con- 
vert much heat into friction in the brief 
time it is passing at a velocity measured 
in thousands of feet per second through a 
nozzle measured in inches; yet the re- 
marks of Mr. Kneass would indicate that 
he thinks that the steam starting with 
only the heat of saturation can develop 
the energy due to its expansion from the 
higher to the lower pressure (which de- 
velopment of energy must call for the 
transformation of heat) and still issue in 
a saturated or even superheated condition. 

The two reasons advanced for this be- 
lief seem pitifully inadequate: the fact 
that the jet is transparent and the fact 
that when the jet is made to impinge upon 
a thermo-couple the latter indicates a 
temperature equal to or even above that 
due to the initial pressure. For the lat- 
ter it is enough to say that the tempera- 
ture recorded is not that of the flowing 
jet, but that due to the impact of the ar- 
rested steam upon the obstructing couple. 

lor the former Mr. Kneass says that 
adiabatic expansion from 120 pounds to 
the pressure of the atmosphere would pro- 
duce some 16 per cent. of moisture and 
that 2 or 3 per cent. would render the jet 
cloudy. A pound of steam at atmospheric 


derivable 
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pressure occupies 26.36 cubic feet. If 16 
per cent. of it were water there would 
be 22.14 cubic feet left as steam, and as 
the relative volume as compared with 
water is 1646, the volume of the water 
would be around one ten-thousandth of 


the total volume, and might well be ac- 


counted for in the well-defined lines of 
moisture shown in the jets, evidently 
thrown out against the walls of the noz- 
zie and swept into the paths marked by 
the bright lines shown. 





Gas-engine Investigation at 
Birmingham 





Elsewhere in this issue we publish a 
brief summary of the results obtained by 
Prof. F. W. Burstall in a series of tests 
made on a gas engine at Birmingham 
University. Unfortunately, the test fig- 
ures as they reached us are not consis- 
tent throughout. The indicated horse- 
power, mean effective pressure and revo- 
lutions per minute do not always check 
with each other; the same is true of the 
gas consumption, gas quality and heat in- 
take per indicated horse-power-hour, and 
also of the heat units and the percentage 
of intake heat lost in the jacket water. A 
few of the discrepancies are obviously due 
to the fewness of decimal places used, but 
many of them are too great to be ac- 
counted for in that way. Whether they 
are due to misprints or to errors in rou- 
tine computation we do not know, but 
we hope the printer is the culprit. 

Despite the discrepancies referred to, 
the report is of considerable value. It is 
a well-established tradition of gas-engine 
design that it does not pay to carry com 
pression beyond a certain point, but we do 
not recall having before seen any test 
figures indicating where the “certain 
point” occurs with any engine or fuel. 
We have been informed by one builder 
that with producer gas 175 pounds is the 
limit of advantageous compression pres 
sure; another builder puts the limit at 135 
pounds, and there you are. The present 
investigation has at least proven the ex- 
istence of a critical compression pressure 
corresponding to maximum economy and 
determined what it is for the engine and 
fuel used in the tests. 

We do not quite agree with Mr. Booth 
that the use of special cylinder propor- 
tions for the test engine detracts from the 
value of the test results. If the compres- 
sion pressure giving maximum economy 
could not be attained with so-called prac- 
tical proportions, then those proportions 
were really unpractical and were quite 
properly discarded. It would have been 
most interesting, however, if tests had 
been made with the cylinder that was 
originally on the engine to determine the 
limit of possible compression and the 
variation of economy with varied com 
pression up to that limit. 
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Discussion of Dr. Steinmetz’ Paper; the Doctors Disagree as to How 
Steam Expands in a Nozzle, the Energy Developed and the Velocity 





Notwithstanding the abstruseness of its 
subject and the forbidding mathematical 
treatment given to it, Dr. Steinmetz’ pa- 
per bearing the title, “The Steam Path of 
the Turbine,” precipitated a lively and 
interesting discussion at the March meet- 
ing of the American Society of Mechani- 
cal Engineers. An abstract of the paper 
will be found on pages 429, 430 and 431 
of the March 17 number. 


H. E. LonNGweE.yi 


‘The first respondent to the invitation 
of. Vice-President L. P. Breckenridge, 
who presided, to participate in the discus- 
sion was H. E. Longwell, of the Westing- 
house Machine Company. Starting with 
the statement that with the basic formula 
established, mathematics are either right 
or wrong, he asked: 
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FIG. I. FIG. 2 


Does Dr. Steinmetz’ basic formula for 
energy, 


*P2 


pal, 


, f 
o Py 
represent the physical fact? 

Dr. Steinmetz had given in his paper 
results obtained by the use of his for- 
mula. Mr. Longwell had checked them 
the common entropy - temperature 

method, with the results shown 

paratively in the accompanying table. 
He characterized as “obvious 
surdity” that the energy of saturated 

steam expanding from i80 pounds to 28 

inches vacuum given identical 

with the energy of saturated steam ex- 
panding from 180 to 14.7 pounds, plus 
the energy of saturated steam expanding 
from 14.7 pounds to 28 inches vacuum: 
for, in the expansion through the whole 
range the would be no_ longer 
saturated when it got to 14.7 pounds. He 
thought it evident that the values for the 
energy and velocity between 180 pounds 
and 28 inches had not been calculated by 
the formula, but were carelessly assumed 
to be equal to the sum of the energies 
'and the square root of the sum of the 


by 


com- 


an ab 


was as 


steam 


squares of the velocities calculated for 
the first and second examples. 

This accounts for the smaller discrep 
ancy between the numerical values given 
and those calculated by the entropy-tem 
perature method in the case of the larger 
ratio of expansion. 

It would appear, then, that Dr. Stein- 
metz’ formula is wrong, and this is where 
the integration comes in. The shaded 
areas in Figs. 1 and 2 are the pictorial 
representations of the significance of the 
We seem to be 
the motions of 


the limits p: 


integrals beside them. 

able to go through all 
integrating pdl’ between 
and pz, as in the integration 


{ "* od V, 
oS a 
upon which Dr. Steinmetz’ formulas are 
based; but it is an unusual operation and 
the speaker was unable to form any con- 
ception of what the integral looks like, 


Mr. Longwell furnished the following 
errata to the paper as published: 
‘In the several equations where i 
is given a numerical value, this value is 
made in round numbers 78,700, while it 
is actually a little under 78,600. 

In the second equation on page 282 of 
the Transactions the radical sign 
omitted from the expression: 


(a—1)S 
2g ~—* 
On page 280, in the second equation 
10,350 is written for 127,000. 


1S 


STRICKLAND L. KNEASS 


Strickland L. Kneass, whose work upon 
jet apparatus, as manager of the injector 
department of William Sellers & Co., is 
well known, questioned the correctness of 
the use of the constant value 1.126 as an 
exponent in the formula for adiabatic ex 





ENERGY AND VELOCITY OF STEAM AS CALCULATED BY THREE AUTHORITIES. 











Energy in Meter- | nny Mr Energy in Velocity in Feet per 
Kilograms. Second. Foot-pounds. Second. 
Range of Expansion. : | 
Stein- | Long- | Stein- Long-| Stein- Long- Stein-| Long-| Pea- 
metz. | well. | metz.| well. metz. well. metz. | well. | body. 
180 pounds to 14.7| | 
i eae | 39000 | 43000 875 918 | 282087 311019 | 2871 | 3012 3022 
14.7 pounds to 28inches, 36000 | 40300 840 889 | 260388 291490 | 2755 | 2917 2932 
180 pounds to 28 inches.| 75000 | 78220 | 1210 1238 | 542475 565765 | 3970 | 4062 4068 
| 
or what it represents. At any rate, it pansion. Zeuner says it should vary for 
does not seem possible that it represents cvery different mixture of steam and 
the energy of saturated steam expanding water, from 1.23 for saturated steam to 
adiabatically as determined by generally 1.134 for large percentages of water. 


accepted methods. 
If we take the more rational formula 
tor E, 


m1 
, Vdp, 
. Pe 

satisfactory energy 


we develop a 


equation, 


very 


pS #' [: oe pa | 
¢ Po 
which is identical with Dr. Steinmetz’ 
equation, 
k= > po [:—(4: ) | 
a-=1 po 


except as regards the denominator of the 
fractional coefficient. 

The value of a being assumed as 1.126, 
the value for E is 1144 times that obtained 


from Dr. Steinmetz’ equation and con- 


forms very closely to the value obtained 
by the entropy-temperature calculation. 


With adiabatic expansion the quality of 
the mixture must vary, and he did not see 
how the use of a constant exponent was 
justifiable. 

Dr. Steinmetz has apparently followed 
the theory, and it is accepted by most 
authorities, that the flow of steam througl: 
a conducting or non-conducting nozzle is 
governed by the laws of adiabatic expan 
sion; but there have been many experi 
ments made during the past fifteen years 
that tend to show that the velocity and 
resultant energy must be governed by a 
somewhat different law. With any form 
of nozzle—convergent, an orifice in a 
plate, or divergent—the jet, as it issues 
the tube, is transparent. Steam 
expanded from 120 pounds to the pres 
sure of the atmosphere would have about 
16 per cent. of moisture in it. Three or 
four per cent. would make it cloudy. Ex 
periments made by placing a_ thermo 
couple in the.jet have shown an appre 


from 
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ciable Whether this 
from friction or conduction, or both, has 
not been established, but it is certain 
that the steam does not expand adiabati- 
cally. The variation cannot be great, 
however. Experiments to determine the 
energy of the jet by directing it upon a 
target, so fashioned as to reverse its line 
of motion and thus render the energy cal- 
culable from the weight of the steam and 
the pressure upon the target, gave values 


superheat. comes 











FIG. 3 


for the jet corresponding very closely 
with those as ordinarily calculated. 

The form of nozzle has much to do 
with its efficiency, and the speaker ex- 
hibited the diagram reproduced in Fig. 
3, made from observations, photographic 
and otherwise, of jets issuing from noz- 
zles of different forms in front of a black 
background. 

“The upper nozzle is conoidal and the 
black background shows perfectly clear 
through the jet. There is a line of con- 
densation at the entrance of the jet, 
where it first comes directly in contact 
with the air. (We quoting Mr. 
Kneass.) The expansion is so great and 
so quick that the inertia of the steam 
drives it beyond its normal pressure, so 
that there is a slight contraction of the 
jet beyond the nozzle where the pressure 
of the atmosphere forces it in. You see, 
also, certain lines of moisture in the 
steam, which are apparently carried down 
by condensation from the outside 
from the inside surface of the nozzle to 
the center. This also is forced in by the 
external pressure. The next nozzle is 
very similar, that the lines are 
more contracted. The other nozzle is a 
well-known form of divergent nozzle so 


are 


air 


except 
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proportioned that the pressure at the ; ie Pe s 

‘ . S'= p, « Ve S po 4 c= ’ 
delivery end shall be the same as that of a°s* 
the medium into which the jet flows, in : : 

- Reo a a . therefore equation 11 cannot be true 
which case the jet is practically cylin- i 

e ° - ° ° uniess 
drical. A series of holes was drilled into , 
the nozzle and the pressure taken at S=5, 


various positions in the length. The pres- 
sure at the throat corresponded to Ran 
kine’s estimate of 58 per cent. approxi 
mately of the initial, while the velocity 
at this point is practically constant for 
all pressures, possibly 1400 feet, so long 
as the absolute terminal pressure is below 
58 per cent. of the initial. If this nozzle 
were longer, the the 
charge end would be below that of the 


which is physically impossible. 


Energy. lhe second portion of the 
paper, concerning the available 
from steam-flow, also opens with .a fun- 
damental error. The equation for energy 
should have been the integral of V dp, 
instead of that of pdV, as stated. As 
this point was a central one in the dis- 
cussion, and since both Dr. Steinmetz and 


energy 


pressure at dis- 


atmosphere (the jet was designed for ex- one of his critics avowed a lack of com- 
pansion between 120 pounds and atmos- 
pheric pressure), and the result would be 
that the jet would contract and you would 
find it narrower at a short distance from 


prehension of the distinction involved, it 
may be worth while to explain—although 
the argument is a simple and familiar. one 
in all thermodynamic textbooks. 

the nozzle than it is at the discharge.” It is true, in the first place, that. the 
work done during the mere expansion of 
an isolated quantity of gas is given by 
the integral of pdV, as Dr. Steinmetz 
‘had 


Pror. SipNEy A. REEVE 


Prof. Sidney A. Reeve has favored us 


with the following discussion, written im- may ‘be 


states; and this integral 


mediately after the meeting, embodying Whenever we know the algebraic relations 


his oral discussion and some after- between pressure and volume during: the 
thoughts: expansion—which for ‘steam’ we. never 
may, more than approximately.' It is nol 


Dr. Steinmetz prefers to rely upon the 
true, on the other hand, that the energy 


now almost archaic and always cumbrous : , 8 
developed in the expansive flow of steam 


analytical pressure-volume method of dis- 


cussing the problem, rather than to make through a nozzle = the integral oF 
use of the much simpler and more ac- ?5¢L= /4dV, wherein s is cross-section 
curate entropy - temperature argument, of flow and L linear displacement, as Dr. 
craphically displayed. He is therefore Steinmetz stated in his closure. The lat 


obliged to introduce assumption after as- '*? ¢d¥ation 1s true only for the “tran 


sumption the constancy and 
curacy of various coefficients, exponents, 
etc., where neither constancy nor accu- 
racy can exist.. When purely mathe- 
matical error is added to this, the result 
cannot be considered satisfactory. 

Thus, equations 1, 2, 3 and 4, upon 
which he bases the entire structure of his 


sient” energy of a flow past a given point 
wherein no energy transformation takes 
place, but where merely energy transfer 
This equation applies, for in- 


as to ac 


occurs. 
stance, to a flow of water through a pen- 
stock, or the motion of a piston-rod 

It applies also 
its way into the 


turbine throttle, with the steam, as a re 


through a_ stuffing-box. 


to the energy pushing 


argument, are not true and cannot be ’ ; : 

: : A : sult « iler expans 2S 
made true. They are merely convenient ult of boiler expansion. But it does not 
approximations. For the action of even relate to the case where any thermody 


whatever is added to the 


displacement energy of flow. 


~ 7 ac iO 
the permanent gases they are open to — Se 


question; for the action of steam they 
wholly inadmissible. 


are 4 
Thus, to get the net energy available 


é 5 for work withi » nozzle ‘ ine 
With the entrance of equation 11 eniers x within the nozzle of a turbine, 


" : it is necessary to adc » transite rey 
the first mathematical error. y to add the transient energ) 


of entrance to the thermodynamic energy 
of expansion, and then to deduct the nega- 

1 tive transient energy of exit against back 
p.* Vi= S = gQo0, 


If equation 6, 


pressure. This gives: 


Entrance energy Thermodynamic Exit energy of __ Net available en- 
of flow + energy flow _ ergy. 
v, oP, Vy ‘ mw 
f pidl + "' padi (*p,aVv = Vd 
o “ Pps . o . Pe 
be true, then the corresponding equation Or, stated in terms of areas, as of Fig. 4, 


for adiabatic action must be written:, 


Area A+Area B— Area C=Area D. 


1 
pr V=S. The area B is the only one of those. in 
which. Dr.. Steinmetz allows. for 
in his equations. This result is in agree 


ment with Mr. Longwell’s position. 


volved 
Since at one point the saturated and adia 
batic curves coincide, 
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The above slip is not the only instance 
where Dr. Steinmetz has mistaken the 
mathematical identity of a symbol, which 
is used for two or more different pur- 
poses, for a physical identity of the sev- 
eral quantities symbolized. 


Negative Moisture. The next error 
noticed occurs in equation 25. Equation 
18 is true if equation 4 is true, which has 
already been questioned. If equation 18 
is true, equations 19 to 24 are true, 
although there may also be question as 
to the propriety of calling superheat 
“negative moisture”; for this trick of 
words has misled Dr, Steinmetz into seri- 
ous error, and it may so easily mislead 
others. When equation 25 is reached a 
fundamental blunder is committed. The 
percentage of moisture was derived from 
the fact that, during isothermal vaporiza- 
tion, the volumes, steam-weights and ther- 
mal energies are all mutually propor- 
tional; and volumes were the known 
quantities furnished by previous equa- 
tions. But during superheat this propor- 
tionality does not hold true. Dr. Stein- 
metz is quite unwarranted, therefore, in 
basing energy-calculations on his Frank- 
ensteinian monster “negative moisture,” 
as if it were real moisture. 


Zero Pressure. The final point of dif- 
ference between Dr. Steinmetz and the 


writer is aroused by his determination, at - 


the opening of Article 16, of a finite ex- 
pression for the velocity of steam ex- 
panded adiabatically from finite initial to 
a zero back pressure. 

The fact is that there exists in nature 
no such thing as zero pressure; and we 
now know, from mathematical considera- 
tions, that there never can exist zero pres- 
sure. Pressure is the integrated effect of 
a myriad of tiny radial components of 
molecular motion. Therefore zero pres- 
sure cannot be reached until the molecules 
have been robbed of all such. 

But the radial motions of molecular 
action are always necessarily in equilib- 
rium with the rotational motions of the 
molecular nuclei—according to the basic 
laws of mechanics derived from Kepler 
and Newton, as developed for application 
to this problem. Therefore, zero pressure, 
signalized by zero rotational radius, can 
be obtained only when the rotational mo- 
tion has shrunk to zero radius; while 
the radial motion must have surpassed the 
bounds of cohesive attraction, becoming 
a true straight line. Incidentally the dis- 
gregation energy must have become zero. 

But, according to Newton, the cohesive 
force can become zero only when the dis- 
tance of separation becomes infinite. Ac- 
cording to Kelvin’s corrections of Joule’s 
experiment, even air and hydrogen pos- 
sess disgregation energy at all volumes in- 
vestigated. It is in accordance with both 
theory and experiment, therefore, to 
state that the pressure may become zero 
only when the diameter of the molecule 
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is zero, and its rotational velocity infinite, 
while the volume of the entire body of 
gas has become infinite—a state of affairs 
wholly outside of natural possibility. 

Dr, Steinmetz’ own equation 2 corrobo- 
rates this. The value of » may become 
zero only when V= ©. 

As to the energy released by expansion 
to zero pressure, that can be proven to be 
indefinite by reference either to Dr. Stein- 
metz’ equation 2, or to the basic laws of 
molecular energetics. The first method is 
necessarily inconclusive, because equation 
2 is neither correct nor fundamental. 
But it cannot be questioned by Dr. Stein- 
metz, even if it is by others. The second 
method is ‘beyond question, however, un- 
less we are to throw our entire science of 
energetics overboard. 

Equation 2 is that of a curve asymptotic 
to both codrdinate axes. Is it necessary 
to inform Dr. Steinmetz that the area be- 
tween such a curve and its asymptote 
must become infinite before the limb will 
meet the asymptote? 


Discussing the question in terms of 


FIG. 4 


molecular energetics, the energy derivable 
from any mass system is proportioned to 


I I 
, «s 

wherein r is the minimum radius of 
action and R the maximum. But, ac- 
cording to the argument just given, in 
order that the pressure may become zero 
the value of r must sink to zero and the 
value of R rise to infinity. Therefore, the 
energy to be abstracted before zero pres- 
sure can be reached must he _ propor- 
tional to 


I 
oO 


It is true, in spite of what Dr. Stein- 
metz said concerning the statement in his 
closure, that any finite portion of matter 
is (mathematically) capable of giving out 
an infinite amount of energy before its 
pressure or its temperature may become 
zero; and it must be supplied with and 
must absorb an infinite amount of energy 
before its volume may become zero, or 
before its entropy may attain to the 
corresponding state. But we have as 
yet no name for this entropic condition, 
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the scientific world not having agreed 
upon any absolute scale for entropy as 
it has done for temperature, pressure and 
volume. 

The above does not mean that an in- 
finite amount of “ability to do work” ever 
actually can or does come out of or go into 
any infinite amount of matter. But it is 
actually true, that any finite portion of 
matter could give out or absorb energy 
indefinitely, provided that favorable con- 
ditions could be found for the process. 
The limitation comes from the surround- 
ing conditions, not from the substances 
itself. 

For instance, any amount of power can 
be got from a cubic foot of water, if a 
tail-race be provided for it to fall into. 
lf the existing one doesn’t give enough 
power, cut itdeeper. Ifithas already been 
cut down to sea level, and still not enough 
power is had, cut it down to the level of 
the Caspian sea. If that isn’t enough 
run it down to the center of the earth. 
If still more power is needed, run a pipe 
line to the sun and let it suck down that. 
If that isn’t enough, extend the pipe line 
to a bigger sun. 

Nor is this nonsense; for in heat 
energy the available work is that em- 
bodied in the outlying molecular frag- 
ments relatively to molecular nuclei 
which are like unto the suns of the gal- 
axy. If we might shrink and dwindle 
until we could inhabit a heat particle, as 
we now do our earth, we should look out 
upon the surrounding molecules of the 
body, quite as we now look out upon the 
countless millions of solar systems about 
us which we call stars. 

Out of such a galaxy of molecules the 
energy could be drawn, by a proper heat 
engine, so long as a colder galaxy could 
be found for a condenser. But never 
should we have got all the power out of 
our galaxy of molecules until each sun 
and planet had (1) shrunk to a geometric 
point; (2) until each was traveling in a 
straight line directly away from each of the 
others, at zero acceleration; and (3) until 
the law of gravitation had ceased to act. 
Then we should have attained to zero 
pressure, infinity of energy and a lot of 
other unimaginable conditions more un 
real than anything of which Jules Verne 
ever dreamed. 

No; nature possesses no zeros and no 
infinities, in spite of the fact that they are 
quite frequently and unconcernedly men- 
tioned. No dimension can be observed, 
nor even accurately imagined, whether it 
be very large or very small, that can- 
not be measured. 

That is why we know that the condi- 
tions stated in Dr. Steinmetz’ Article 16 
represents a superstition, a “something 
outside of nature,” rather than a thermo- 
dynamic fact of steam-turbine 
design. 


use in 


Pror. C. H. Prasopy 
Prof. C. H. Peabody, of the Massa- 
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chusetts Institute of Technology, sub- 
mitted the following written discussion: 

That part, of Dr. Steinmetz’ article 
which deals with the path of steam in the 
turbine and the energy conversion is most 
interesting, and since diagrams like Figs. 
3 and 4 (of the original paper, see page 
431, Power, May 17) are intended only 
to present the aspects of the problems to 
the eye, refinement is a minor considera- 
tion. 

In approaching these applications of the 
theory of thermodynamics, Dr. Steinmetz 
gives at length an approximate treatment 
of the subject based on the method that 
is proper for gases. When such an ap- 
proximate method is presented it should 
be shown that (1) it is sufficiently ac- 
curate and (2) that it is more convenient 
than the accepted method. 

Under paragraph 17 results of compu- 
tations for the velocity of flow are given 
which allow us to test both these con- 
ditions. 

(1) I have re-computed the cases 
stated there, using the accepted methods 
which can be represented by the follow- 
ing equations : 


’= | 32.2 K 2X T78 (2,7, + 17272 — 4) | * 


Yr, 
T, + 6, —4,), 


tyHe = Ty ( 
where / = Velocity in feet per second, 
= Heat of vaporization, B.t.u., 
= Heat of the liquid, B.t.u., 
= Absolute temperature, Fah- 
renheit. 
= Entropy. 


r 
q 
T 


The following table gives the data and 
results of Dr. Steinmetz’ examples in 
English units: 





Velocity, cera en 
Initial Final ft. per sec. S0im, Error, 
Pressure. Pressure. Standard wetnod Cont 
Method. _ 
180 14.7 3022 2871 5 
180 0.94 4068 3970 2.4 
14.7 0.94 2932 2755 6 


(2) By the aid of the entropy table 
the velocity can be determined very 
readily, as can be seen from the follow- 
ing calculations of the above problems. 
The following table gives the required 
properties from the entropy table. 











aa 
Pressure, | Tempera- |Heat Contents (rr + q) at 
Lbs. per ture, , 
Sq. Inch. |Fahrenh’t.|patropy 1.56| Entropy 1.75 
180 1 373 1201.0 
14.7 | 212 1018.0 1145.6 
0.94 | 100 868.3 974.6 


V = 2230 < 163: = 3030 
V = 223.9 X 332.7 = 4084 
V = 223.9 X 171 = 2935 
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The greatest discrepancy compared with 
my more exact computation is about 
three-fourths of 1 per cent. Had inter- 
polation been resorted to the work would 
be a little more, but the discrepancy 
would be reduced to a small fraction of 
one per cent. 

There are some minor matters 
which exception can be taken: 

(1) In paragraph 10 the specific heat 
of superheated steam is made to depend 
on the pressure only, which does not ac- 
cord with the experiments of Thomas and 
of Knoblauch. 

(2) In paragraph 20 the best velocity 
for a simple impulse wheel is asserted to 
be one-half the velocity of the jet; this 
is correct only for certain relations of the 
angles of the nozzle and blades. 

(3) In the next paragraph no allow- 
ance is made for centrifugal force which 
tends to increase the velocity of both jet 
and blades without limit; but this matter 
is really academic because no simple re- 
action turbines are made. 

(4) It is to be desired that Dr. Stein- 
metz will report tests on nozzles giving 
from 97 to 98 per cent. of the theoretical 
adiabatic velocity, because experiments 
by Stodola, Biichner and Rosenhain show 
a friction loss of 10 to I5 per cent., corre- 
sponding to 0.95 to 0.92 of the adiabatic 
velocity. 

It is difficult to understand why the 
whole discussion is presented in metric 
units, when English units are now almost 
universally used in America and Great 
Britain and the conversion of equations 
into that system presents no difficulty. 

[We will present Dr. Steinmetz’ closure 
in next week’s Epirors. | 


with 


issue. 





The American Society of Mechanical 
Engineers (with the desire to still farther 
develop its publications) has been fortu- 
nate in securing Lester G. French to 
direct its editorial department. Among 
the immediate improvements to be under- 
taken is the establishing of departments 
in the monthly Proceedings, thus provid- 
ing a greater variety of technical articles 
of interest. Many other features are 
planned and the aim will be to make the 
Proceedings of such value that no engi- 
neer can afford to be without it. All such 
papers, however, will first be presented 
and discussed before the society at its 
meetings, as formerly, thus benefiting the 
membership two-fold. Mr. French was 
born in Keene, N. H., in 1869, and very 
early began his training in editorial work 
and printing at Brattleboro, Vt., where 


his father published The Vermont Phenix , 


In 1891, Mr. French received his degree 
in mechanical engineering from _ the 
Massachusetts Institute of Technology. 
He served the Builders’ Iron Foundry as 
a textbook writer, and was later on the 
editorial staff of Machinery, of which for 
nine years he was editor-in-chief. 
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Buying Supplies for the Engine 
Room 





By H. JAHNKE 

Ten years ago I happened to be out of 
work, and receiving a postal card to call 
where they wanted an engineer, I did so, 
and was told by the owner | could have the 
job if I wanted it. The plant consisted 
of a 50-horse-power slide-valve engine, 
boiler and one pump. After thinking the 
matter over I decided to take the place 
until I found something better. 

I had been there about a week when the 
owner came down to the engine room 
with a 5-pound box of piston packing, 
telling me to use it, as he knew I would 
need some in a short time. Upon exam 
ining the packing I found I could not 
use it as it was not the right size, and 
was of a very poor grade. The owner 
said he had ordered the packing on ac 
count of its cheapness, and that he had 
guessed as to the size. 

An engineer in charge of a steam plant 
should order all supplies required, as he 
knows the goods best adapted for a cer 
tain use. 

A certain engineer had full charge of 
ordering all supplies needed in his plant. 
One day this engineer got drunk, result- 
ing in the engine stopping, due to lack of 
steam and low water in the boilers. The 
owner was told that the engineer had sold 
two empty oil barrels and got drunk by 
spending the money for beer during the 
working hours. With an engineer of this 
type it is not surprising that he was not 
permitted to order any more supplies until 
he had notified the owner of what was 
wanted, and for what it was to be used. 

In another case the owner of a steam 
plant ordered some cylinder-oil for the 
engine, which when used was found un 
suitable, as the engine made a groaning 
noise in the cylinder, due to the lubri 
cating qualities of the oil. Another grade 
of cylinder-oil was sent, which did the 
work without any trouble. 





The soft-coal dust which had accumu- 
lated during the last year on the roofs 
of the main buildings at Bellevue Hos- 
pital, New York, was cleaned away re- 
cently, removing a great nuisance. Most 
of it is supposed to have come from the 
plant of the United Electric and Engi 
neering Company. This company, it is 
understood, persisted in using soft coal, 
and flying soot and dust grew to be a 
great nuisance at the hospital. More 
than 800 pounds of soot was carted away. 
—New York Tribune. 





The production of coal in Indiana dur- 
ing 1907 amounted to 13,250,715 tons. 
There were 12,375,482 tons of bituminous 
and 875,233 tons of block coal mined, 


Inquiries 
Questions are not answered unless they ure 


of general interest and are accompanied by 
the name and address of the inquirer. 








Finding the Area of a Segment of a 
Circle , 
I have been trying to work out the seg- 
ment of a boiler head to be braced by the 
following formula: 


Aa | 2k. 
3 H 0.608. 
I took the head of a 60-inch boiler, with 
the top row of tubes 25 inches from the 


MGOOO 

ak ‘4 
top of the boiler, as shown in the illus- 
tration. The area to be braced is 771 
Will you kindly work this 
problem in figures so that I can under- 
stamd af Af=20; K = 27. 


square inches. 


G. G. M. 
Substituting numerical values for let- 
ters in the formula, it would read thus: 


—— 0.608, 


4X (20 X 20) aE x 27 


3 20 


Performing the operations as indicated 
by the signs we have 20 X 20= 400; 400 
X 4= 1600; 1600 + 3 = 533.33; 2X 27= 
543° 54 = 20 = 2.7; 27 — 0.608 = 2.00; 
¥ 2.09 = 1.446, 1.440 X 533.33 = 
770.195, which is the area’ of the seg- 
ment to be braced. 


and 


Where a Ball Would Go if Dropped 
into a hole through the Earth 

If a hole were bored through the earth 
and an iron ball let go into it, where 
would the ball go? 

OG. @. 

If the hole were bored through the 
earth diametrically, that is, passing 
through the center, a ball dropped from 
the surface of the earth into the hole 
would continue to fall with an accelerated 
motion until it reached the center of the 
earth. At this point it would have ac 
quired such a velocity that it would pass 
the center and keep on to an equal dis- 
tance on the other side of the center to 
that from which it had fallen, which 
would bring it. to the surface upon the 
other side. As soon as it lost its motion 
in the upper direction, on arriving at that 
side, it would again fall toward the cen- 
ter and repeat the process like a pen- 
dulum falling back and forth past the 
point of attraction: If there were no fric- 
tional resistance, this would continue for- 
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ever. If frictional resistance is taken into 
account the length of the oscillations 
would grow less and less each time and 
the ball would finally come to rest at the 
center of the earth. 


Gearing Changes Required to Change 
Speed of Engine 

A Brown engine now runs at 73 revo- 
lutions per minute and the governor at 
83 revolutions per minute. The governor 
and valve-gear are driven by a side shaft, 
the crank and side shafts making one 
revolution simultaneously. The governor 
gear-wheel has 42 teeth and the side-shaft 
gear-wheel has 49 teeth. What changes 
in gearing must be made in order to run 
the engine at 90 revolutions per minute? 

W. W. 

The governor shaft will make 49 ~ 42 
= 11/6 revolutions to one of the engine. 
If the engine runs 73 revolutions per min- 
ute the governor will run at 73 X 11/6= 
85 1/6 revolutions. The governor must 
be kept running at about this speed. A 
slight change alove or below will throw 
the balls below their working 
plane. 

If the engine is to make 100 revolu- 
tions and the governor 85, the governor 
shaft must run 0.85 as fast as the side 
shaft. Then the gear on the side shaft 
must have 0.85 as many teeth as that on 
the governor shaft. If you leave the gear 
with 42 teeth on the governor shaft you 
will need one with 42 X 0.85 = 35.7, say 
36, teeth on the side shaft, in which case 
if the governor ran 85 turns the engine 


above or 


would run - xX 85 = 9091/6 revolutions. 


You could run the governor a little 
faster as you do now and weight it to 
get the proper speed. You can use any 
gears which are convenient so long as 
that on the side shaft has 0.85 as many 
teeth (as nearly as may be) as has that 
upon the governor shaft. 

What Destroys Pump Packing’ 

I have a duplex pump, the water end of 
which I packed about eight months ago. 
One side has packed four times 
within a month. What is probably the 
cause and what the remedy? 


been 


a oe 

The. pump cylinder on one side may 
be so cut or scored that the roughness 
destroys the packing. The packing may 
have been of poor quality or improperly 
put in, or the follower may not be prop- 
erly set up, etc. There are dozens of rea- 
sons why packing may not last. See that 
the cylinder is in first-class condition; 
then pack the piston with a good quality 
of hard packing, very hard, either tuck 
or braided flat, and fasten it in the pis- 
ton so that it will stay there, and you 
should have no more trouble. 
Effect on Boiler of the Use of an “Ash- 


burning” Compound 
What effect, if any, will the use of the 
following “ash-burning” compound have 
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upon the boiler and grates: Oxalic acid, 
3 ounces; rock salt, 1 pound; warm 
water, I gallon; this to be mixed: with 
coal and ash? 
| ae 8 

The use of the compound which you 
name is apt to result in the production of 
hydrochloric acid, which will affect the 
tubes and heating surfaces injuriously. 
There is absolutely nothing to be gained 
from the use of such a compound that 
would not be gained as well by sprink- 
ling the coal with simple water. 


Should an Engine be “Run Under?” 


I have charge of a 30 and 64 by 60- 
inch cross-compound Corliss engine which 
runs under. An engineer says that the 
engine will not last as long as it would if 
it ran over, and that it is liable to go to 
pieces from this cause.. Is this true? 

W.-F. M. 

It makes no difference which way. an 
engine runs. If for any cause it were 
unsafe for engines to be “run under,” as 
the expression is used, builders would not 
contract for engines to be run that way, 
and railroad travel would not be safe, for 
all locomotive engines “run under” when 
going ahead. 


Direction of Belt Lap 


Should the lap in a cemented belt be 


Driver 


WRONG WAY 


Driver 


RIGHT WAY 


pointed toward or away from the driven 
pulley ? 
f.. I. 
The inside point of the lap should be 
pointed away from the driven pulley, as 
shown by the second sketch herewith. 





Pumps for liquids should be constructed 
from materials which are not attacked by 
the liquids elevated. The following, ac 
cording to Die Férdertechnik, are the best 
for the liquids named: 

Cast iron: 

Gun metal: 


molasses, 


Ammonia, tar, mineral oils 

Vegetable oils, salt water, 
beer, lime water, weak acetic 
acid. 

Lead: Strong acetic acid. 

Lead (with a small amount of tin and 
antimony): Hydrochloric and sulphuric 
acids 

Glass: Strong acids, alkaline liquids. 

Earthernware and gutta percha: Strong 
acids. 
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Power Plant Machinery and Appliances 


Original 
No 


Descriptions 
Manufacturers 


of 
or 


Cuts 


Power 
Write-ups 


Devices 


Used 





MUST BE NEW OR 


Westinghouse Rheostats 





The accompanying engravings illustrate 
the latest types of rheostat built by the 

















FIG. I. MOTOR-STARTER INTERIOR 
Westinghouse Electric and Manufactur- 
ing Company, Pittsburg, Penn., for start- 
ing direct-current motors and regulating 
the field excitation of motors and dyna- 
mos. Fig. 2 shows the standard motor- 
starting rheostats, the form shown at the 
left being for small machines and the 
other form for larger ones. The only 
differences are in the area of the contact 
surfaces on the segments under the travel- 
ing brush and in the provision of a con- 
tact piece on the arm of the larger rheo- 
stat for short-circuiting the entire rheo- 
stat when the arm is in the “running” 
position. This latter arrangement con- 
sists of a laminated copper bridge bolted 


The resistance of the rheostat is built 
up on the unit plan, and consists of a 
number of resistance units mounted in the 
box and connected to the series of con- 
tacts on the panel. Fig. 1 shows a box of 
eight units partly opened and viewed 
from the rear. Each unit consists of a 
strip of iron %x1 inch in section, covered 
with fireproof insulation and wound with 
special wire to the desired resistance. 
The size of the wire and resistance of the 
unit depend, of course, upon the service 
for which the rheostat is designed. 

The resistance conductor of the field- 
regulating rheostats is made up of some- 
what similar units. These, however, con- 
sist of short strips of sheet iron, insu- 
lated and wound like the long-bar units. 
These short bobbins are mounted on the 
back of the rheostat panel, as indicated 
in Fig. 3. The contacts on the front 
form a complete circle, as usual in field- 
rheostat construction. 


Cleveland Spark Plug 


The Cleveland Spark Plug Company, of 
Cleveland, Ohio, is manufacturing a spark 
plug for gas-engine ignition by “jump 
spark” which differs from the conven- 
tional types of such appliances, as may 
be seen by reference to Fig. 1 herewith. 
The “core,” comprising the central elec- 
trode and its insulating sheathing of mica, 
is shaped like a coarse-pitch screw-thread 
at its inner end, the object being to im- 
part a whirling motion to the burning 
mixture as it expands under the influ- 
ence of the heat: of combustion. This 
whirling motion is said to sweep the 








INTERESTING 


velocity in rushing out; this, of course, 
tends to keep the sparking surfaces swept 
clean and also promotes rapid flame pro- 
pagation in the cylinder by reason of the 

















FIG. I, CLEVELAND SPARK PLUG 


jet of burning gas which spurts out of 
the plug cavity. 

Two methods of attaching the conduct- 
ing wires to the plugs are employed. The 
terminal shown in Fig. 2 consists of a 


metal plug with a transverse hole 
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FIG. 2. 


+ 


to the arm 


locks. 


WESTINGHOUSE MOTOR-STARTERS 


and two beveled blocks 
mounted on the panel, the main terminals 
of the rheostat being attached to these 


FIG. 3. 


cavity clean of any carbon that might be 
outlet 
from the plug cavity into the cylinder is 


deposited by combustion. The 


small, giving the expanding gases a high 





FIELD-RHEOSTAT 








CONSTRUCTION 


threaded to fit the thread on the project- 
ing end of the core electrode and a dia- 
metral slit extending from one end of the 
plug to the hole. This makes a spring 
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clamp of the end of the terminal plug, 
and the threads, of course, prevent the 
terminal from being jarred off. It can 














FIG. 2. CLEVELAND SPARK PLUG 


be applied and removed by slipping it 
over the threads, without any rotary 
motion. The other form of attachment 
is a flat terminal piece, slotted to strad- 
dle the spark-plug stem, and an ordinary 
nurled thumb-nut, as indicated by Fig. 1. 

When desired, the makers supply a pro- 
tecting hood which incloses all of the 
spark plug except the point where the 












































FIG. 2. ELEVATION OF BOILER 
connecting cable is attached. These pro- 
tectors are useful where there is much 
moisture in the atmosphere or where 
spray may reach the engine, as in an open 
launch. i : 
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Thomas ‘‘ Automatic Smoke 
Preventer ”” 


The Thomas automatic smoke preven- 
ter is manufactured by the Automatic 
Smoke Preventer Company, 107 West 
Seventeenth street, New York City. It 
is intended to produce complete combus- 
tion in the boiler furnace by introducing 
over the furnace doors and above the 
fuel, when firing, superheated steam and 
air. The steam is depended upon to cause 
the admixture of air and fuel gas requisite 
to effect the desired combustion. The 
air supply is introduced through a dam- 
per in the furnace door which is auto- 
matically regulated by the device itself, 
the air passing through perforated baffle- 
plates and becoming heated before reach- 
ing the fire, its course being shown by 
Fig. 1, which is a sectional view through 
the boiler and furnace. Fig. 2 shows an 
elevation of the boiler front and how the 
apparatus is attached. 

The operation is as follows: Upon 
opening the furnace door, the arm with 








I. SECTION THROUGH BOILER 


the knuckle-joint actuates the shaft which 
rotates a crank and lifts the rod shown 
at the side, and this raises the plunger 
and also rotates and opens a steam valve 
which supplies the jet with the steam to 
be blown into the fire-box, there to be- 
come decomposed, and, with the atmos- 
pheric air from the damper, which passes 
through the perforated baffle-plate on the 
inside of the doors, subdivided and 
heated, after which it is supposed to 
mingle with the hydrocarbon and car- 
bonic oxide from the fuel, properly mix- 
ing them to form a thoroughly combus- 
tible gas. 

Before reaching the jet, the steam 
passes into a superheating and distribut- 
ing pipe which is furnished with %-inch 
nipples or, jets spaced 4% inches apart 
and at an angle that will cause thin films 
of steam to be thrown over the fire-bed 
so as to strike the bridge wall two or 
three inches below the top. The steam 
is then supposed to rebound to the front 
of the furnace, thoroughly -mixing the 
gas from the fuel with the heated air 
from the baffle-plate. 

When the furnace door is closed after 
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charging the furnace with fuel, a dog on 
the knuckle-level is thrown backward and 
the door is permitted to pass without 
actuating the valve-operating apparatus. 
The plunger in the dash-pot at this time 
is in the position shown in Fig. 1. The 
bell-crank arm is intercepted by and 
strikes the pin as the door is shut, its 
upper end is retarded, and as a conse- 
quence the crank is turned in such direc- 
tion as to open the damper in the door. 
The pressure is transmitted to the valve- 
opening apparatus with sufficient force to 
overpower the resistance of the fluid in 
the dash-pot, and cause the beginning of 
the gradual closure of the steam-jet valve 
and the door damper. 





Winter's Vacuum Trap 


The Winter vacuum trap consists of 
the trap body, one end of which is fitted 
with a removable head and secured by 
means of bolts, as shown in.the illus- 
tration. Connected to the top of the trap 
is a receiving pipe to which is attached the 
swing check-valve C, opening toward the 
trap. A discharge pipe carrying an out- 
let check-valve D, which swings away 
from the trap, is connected to the bottom 
of the body of the trap. 

A valve chamber is arranged on the 
upper portion of the trap, and held in 
place by bolts, in which chamber is a 
bronze bushing L, containing a piston 
valve A. Internal ports are so placed in 
the valve chamber that they communicate 
with two sets of radial ports B and G, in 
the bushing, the port M being in com- 
munication with the pipes N and O. The 
pipe N connects with the exhaust pipe, or 
apparatus to be drained, and O with the 
atmosphere. The latter pipe is shaped 
like a return-bend joint, the opening being 
down to prevent dirt from entering to the 


_ valve. 


The piston valve is attached to one end 
of a valve-stem, the movement of the 
valve being limited in one direction by 
the head of the bushing, and in the other 
direction by a socket nut screwed on the 
valve-stem, and working in a socket, as 
shown, at the right of the adjustable 
disk F. The valve-stem also carries: the 
adjustable disk J. 

There are two inward projecting 
brackets, P and Q, the first supporting a 
shaft R, upon which is loosely mounted a 
rocker with which is connected one end 
of the link S, the other end being con- 
nected, by means of a pin at 7, on the 
lever carrying the extra-heavy seamless 
ball-fioat K, which imparts a_ rocking 
movement to the lever when the water 
level in the trap varies. On the shaft R 
a hammer or lever of unstable equilibrium 
is mounted, the upper end of the hammer 
having two arms which straddle the 
valve-stem. The rocker is provided with 
two toes E and H, which engage the 
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hammer, thus giving the necessary valve 
movement. 
The operation of the parts is as fol- 


lows: With the parts in the position 
shown, which will be the case when the 
trap contains the maximum volume of 
water to escape. When the float begins 
acted and shifted the valve A to the posi- 
tion shown, the port B communicating to 
the air or steam pipe, is open and the 
air rushes in and destroys the vacuum in 
the trap and holds the inlet valve C to 
its seat, while the outlet valve D opens 
by gravity and permits the accumulated 
water to escape. When the float begins 
to lower, due to the falling water level, 
the toe E of the rocker will move to the 
right and, by contact with the yoke of 
the hammer, will shift it in 
direction. 
dead center 


the same 


When the hammer passes the 
right 


it falls to the and 
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Personal 


H. S. Demarest, of Greene, Tweed & 
Co., will sail on the “Adriatic,” on the 
25th of this month, for a four months’ 
sojourn in Europe. 


F. E. Mathews, whose writings on re- 
frigeration have appeared in Power from 
time to time, has opened an office at 150 
Nassau street, New York City, where, in 
addition to handling refrigeration equip- 
ment, he will represent the Weber Gas 
Engine Company. 


William M. Davis, formerly chief of 
the department of lubricant tests at the 
Arthur D. Little ,laboratory, Boston, 
Mass., and who previously had fifteen 
years’ experience in that line, has estab- 
lished himself independently as a “lubri- 

















SECTIONAL VIEW OF WINTER'S VACUUM TRAP 


strikes the disk E with sufficient force 
to force the shaft and valve-stem to the 
right, thus closing the port B and open- 
ing the port G, which once more estab- 
lishes and maintains a vacuum until the 
water of condensation reaches such level 
as to cause the toe to move to the left 
and again shift the hammer, causing it 
to fall to its first position; and contact 
with the disk J shifts the valve-stem and 
valve, closing the port G and opening the 
port B, when the vacuum is again de- 
stroyed and the trap again emptied of 
water. 

It will be seen that no live steam is 
required to operate the trap, unless the 
discharge is to be elevated above the 
trap. There are no _ stuffing-boxes or 
trunnions and only one valve. 

The Winter trap is manufactured by 
the Strong, Carlisle & Hammond Com- 
pany, 336 to 344 Frankfort avenue, N. W., 
Cleveland, O. 





’ 


cation engineer,” with offices at 93 Broad 


street, Boston. 

George R. Carr, vice-president of the 
Dearborn Drug and Chemical Works, of 
Chicago, is on a combination business 
and pleasure trip to the City of Mexico. 


John W. Brashears, who for many 
years has been first assistant to W. A. 
Converse, chemical director of the Dear- 
born Drug and Chemical Works, in 
charge of its analytical laboratories at 
Chicago, has been appointed assistant 
superintendent of the manufacturing de- 
partment. 


R. S. Stangland has been placed in 
charge of Muralt & Co.’s construction 
office at New Fort Lyon, Colo., and will 
superintend the erection of the complete 
lighting, heating and power plant which 
his firm is building for the United States 
Government at the New Fort Lyon Naval 
Hospital. 
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Business Items 


The Wisconsin Engine Company, of Corliss, 
Wis., has established a branch office in Atlanta, 
Ga., with oftices and rooms in the Candler build- 
ing, with Julius M. Dashiell as sales manager. 


The White Oak Mills, controlled by the Prox- 
imity Manufacturing Company, of Greensboro, 
N.C., has sent in a third order for an equipment 
of Green fuel economizers, and altogether the 
Proximity company has bought a total of about 
8000-horse-power of these economizers, which 
are built by the Green Fuel Economizer Com- 
pany, Matteawan, N. Y., including one for the 
Proximity Mills, two for the Mineola Mills, and 
two for the Revolution Mills. 


The business of the Westinghouse Machine 
Company during the month of February con- 
tinued to show the most encouraging signs of 
improvement. Quite a number of excellent 
orders were received in the various departments. 
There is, as a result, much greater activity in the 
shops at East Pittsburg. Unusually large ship- 
ments have recently been sent from the works 
on export delivery, including several large steam 


engines. One of these shipments, consisting 
of five 125-horse-power compound engines, 
was consigned to Takata & Company, the 


Japanese agents of the Westinghouse Companies 
in Tokio, for delivery to a manufacturing plant 
in Canton, China. Another compound engine 
of 500-horse-power capacity, also included in 
this shipment, was consigned to the same firm 
for delivery to the Southern Japanese Railway 
Company, of Kaisha, Japan. 





New Equipment 


The city of Cleo, Okla., will install a 10-ton 
ice plant. D. D. Griftith is president of board. 


The Public Service Corporation of Morristown, 
N. J., will erect an addition and install new 
machinery. 


The Board of Health, Trenton, N. J., is said 
to be considering the installation of an electric 
light and heating plant at the municipal hospital. 


It is reported that the Fayetteville (Tenn.) 
Electric Light and Power Company contem- 
plate increasing the output of its power plant. 


The Pure Water Ice Company, Graniteville, 
S. C., has been incorporated to establish an ice 
plant of about 20 tons daily capacity. C. B. 
Willis, manager. 


The Chatham (N. Y.) Electric Light, Heat 
and Power Company is making arrangements to 
establish a power service and will install a 200- 
horse-power boiler. 


The citizens of Dublin, Ga., voted to issue 
$60,000 bonds, proceeds to be used for improve- 
ments to municipal electric-lighting plant and 
water-works system. 


The Commonwealth Edison Company of, Chi- 
cago, Ill., will begin the construction of a mew 
generating plant, which will cost, it is said, 
$750,000, including equipment. 


The Prosser (Wash.) Traction Company is 
reported to be planning to make a number of 
extensions to its system. The power plant will 
be located five miles below Prosser, 


Plans are being made to enlarge the power 
house of the Terre Haute, Indianapolis and 
Eastern Traction Company at Terre Haute. 
A new 500-kilowatt generator will be installed. 


P. A. Bates, 42 Broadway, New York, will 
have charge of the equipment of the new factory 
of Jabez Bruns & Sons, in Jersey City, N. J., 
which will include a power plant to furnish light, 
heat and power. 
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The Taylorville (Ill.) Street Railwav, Light, 
Heat and Power Company has been organized 
to construct an electric railway and power plant. 
1.'J. Perkins, Albert Morgan, J. A. Adams and 
others, incorporators. 


Bids will be received until Feb. 25 by the 
commanding officer of the Augusta, Me., ar- 
senal for furnishing and delivering electric 
switchboard, motor generator sets, motors, 
air compresors, electric cranes, fuel oil fur- 
maces, etc. 


The city of Woodstock, Ont., intends to 
operate its lighting plant by power from 
Niagara, replacing the steam power now used. 
New pumps will be purchased. J. G. Arch- 
ibald is superintendent of the water and 
light committee. 


The New Orleans & Seashore Air Line 
Railway Company has organized in New Or- 
leans with a capital of $1,000,000 to build an 
electric railway. J. W. T. Stevens, Cotton 
Exchange building, New Orleans, is promot- 
ing engineer. 


The Cambria Steel Company, Johnstown, Pa., 
will soon let contracts for equipment at the 
Rolling Mill mine and the Millcreek power plant, 
to cost about $50,000. This will include two 
new batteries of boilers, a compound steam 
engine and dynamo. 


The Ashtabula (Ohio) Electric Street Rail- 
road Company has been organized to build 
an electric line about five miles long from 
Ashtabula to Ashtabula Harbor. A _ small 
power house may be built. C. G. Nelson, 
J. B. Anderson and others, are organizers. 


The P. A. Horlock Company, Navasota, Tex., 
has been granted a franchise to construct an 
electric-light plant. The equipment will con- 
sist of a 250-horse-power Corliss engine, 120- 
kilowatt, three-phase, 60-cycle alternator, a 
§0-kilowatt generator direct connected, switch- 
boards, transformers, etc. 


The Deer Lodge (Mont.) Blectric’ Com- 
pany will install a new station which will be 
operated by water. The equipment will in- 
clude two 275-kilowatt, 3-phase, 60-cycle gen- 
erators and the voltage will be raised to 
about 10,000 volts. A 75-kilowatt, 60-cycle 
generator will also be installed in place of 
the present machine in the steam plant. 


The Goose Creek Railway and Power Man- 
ufacturing Company has been formed at 
Jesup, Ga., for the purpose of building a 
3000-horse-power electric plant, cotton mill, 
cotton seed oil mill, warehouses and electric 
railway. Capital $250,000. W. H. Whaley, 
8. E. Cohen and J. H. Wilkins, all of Jesup, 
are among the organizers. D. G. Ziegler, 
Columbia, S. C., is engineer in charge. 





New Catalogs 





The Trill Indicator Company, Corry, Penn. 
Catalog. Indicators, reducing wheels, plani- 
meters. Illustrated, 32 pages, 6x9 inches. 


Patterson-Allen Engineering Company, 
United States Express building, New York. 


Catalog. Everlasting blow-off valve.  Illus- 

trated, 13 pages, 314x6 inches. 
MecMaster-Carr Supply Company, 174-176 

Lake street, Chicago, Ill. Catalog. Steam 


specialties and supplies for engineers, mines, 
railroads, etc. Illustrated, 506 pages, 6x9 
inches. 


Sprague Electric Company, 527-531 West 
Thirty-fourth street, New York. Instruction 
Book No. 226. Round type motors and gen- 
erators. Illustrated, 32 pages, 34%4x6 inches. 
Circular No. 428. Stamped steel outlet 
boxes and fittings. Illustrated. 
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Help Wanted 


Advertisements under this head are inserted for 
25 cents per line. About six words make a line. 


AN ENGINEER in each town to sell the best 
rocking grate for steam boilers. Write Martin 
Grate Co., 281 Dearborn St., Chicago. 


WANTED—Reliable manufacturers’ agents to 
handle the Riblet Transverse Current Feed Water 
Heater. Liberal terms. Address..The Riblet 
Co., Erie, Pa. 

WANTED —Territorial agents and salesmen 
on liberal commission to demonstrate’ to users 
a high-class hydraulic packing. Address Car- 
michael & Haas, 109 Liberty St., New York. 


SALESMAN for your state for remarkable fuel 
and labor-saving device for boilers selling for 
$50. Over 20,000 in use in the U. S. and Canada. 
Also hardware salesman to carry as side line 
our wonderful newly patented spirit level. 
Diamond Power Specialty Co., Detroit, Mich. 


Situations Wanted 


Advertisements under this head are inserted for 
25 cents per line. About sic words make a line. 


POSITION WANTED as assistant superin- 
tendent or chief engineer of a light and power 
company of steam, water or gas. Am a technical 
man with eight years’ experience in central 
station construction and operation; expert on 
all meter work, armature winding and repairs. 
Am at present employed but desire a change. 
Western states or Mexico preferred, but will, go 
abroad. Box 37, PowEr. 


WANTED—Position as chief engineer with 
some good manufacturing company or electric 
railway. Am experienced with cross compound 
and turbine engines and electrical apparatus. 
Leroy, POWER. 


ENGLISH ENGINEER, 32, first-class une 
limited marine, second-class stationary (Mass.) 
licenses. Practical machinist, refrigerating, elec- 
trical, hydraulic and drafting experience. Satis- 
ey references covering sixteen years. Box 40, 

OWER. 


Miscellaneous 


Advertisements under this head are inserted for 
25 cents per line. About six words make a line. 


A large company in England is just marketing 
a new improved mechanical stoker and water gas 
generator. Inventor has retained U. 8. patent 
rights and wants partner to join him in manufac- 
turing it. For interview and particulars ad- 
dress Box 39, POWER 


Have a non-poisonous compound that will 
absolutely prevent incrustation and corrosion of 
boilers. Used by British Admiralty, Russian 
and French governments and principal English 
railroads. Have bought American rights and 
want partner to help market same in U.S. For 
samples and particulars address Box 38, PowEr. 
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Greene, Tweed & Co., New York. 
Arches, Boiler Door 
McLeod & Henry Co., Troy, N. Y. 
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Ruboil Belting Co., Philadelphia, Pa. 

Shultz Belting Co., St. Louis, Mo. 
Stephenson Mfg. Co., Albany, N. Y. 
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Ruboil Belting Co., Philadelphia, Pa. 
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South American Gas-power Plants 


Two Producer Installations, Pioneers in That Part of the World, 
Which Are Successfully Operated on Bituminous Slack Coal 





Several years ago there were estab- 
lished at Buenos Aires two high-grade 
producer-gas power plants using imported 
bituminous-slack coal, and each serving 
motors in an extensive aggregation of 
passenger, freight and car-shop buildings 
for the terminals of the Great Western 
and the Great Southern railways. The 
larger of these plants, at Banfield, serves 
the former railroad shops; the smaller at 
Liniers, the latter. Both plants are equip- 
ped with Westinghouse gas engines and 
alternators for electric distribution, and 
Mond bituminous producers operated 
without by-product recovery. The service 
from the two plants is quite similar, and 
as the equipments are almost identical, a 
general description of one system will 
apply to both. These plants are of pecu- 
liar interest by reason of their being the 
first gas-power installations in South 
America. Both have been highly suc- 
cessful and offset to a considerable ex- 
tent the discouraging reports from Johan- 






house three-phase 50-cycle alternators, 
with continuous bed-plates, as shown in 
Fig. 1. All of these engines operate in 
parallel on the shop motor load. At 
Banfield electrical distribution is carried 
out at 6600 volts through underground 
conduits to sub-stations and other centers 
of consumption, while at Liniers the alter- 


nators deliver current at 440 volts. 


nal fuel-distributing cones extending well 
down into the producer so as to maintain 
a constant level. Blast is supplied by a 
steam-driven Root blower and a KO6rting 
Before reaching the 
producer, it passes through a of 


injector blower. 


series 


economizing operations designed to re 
turn the latent heat of the gases to the 
fuel bed in the form of hot blast. 


The 







































FIG. I. GENERAL VIEW 
nesburg—success in this instance result- 
ing from the adoption of well-known and 
tried-out designs. 

These two installations aggregate 2375 
brake horse-power, 1500 in six. units at 
Banfield and 875 in four units at Liniers. 
Most of the engines are of the 19x22 
inches three-cylinder vertical type, spring- 
coupled 150-kilowatt standard Westing- 


IN BANFIELD GENERATING ROOM 


The most interesting feature of the pro 
ducer plants is that they are operated suc- 
cessfully on bituminous slack coal of 
about 12,250 B.t.u. per pound and costing 
from $5.60 to $6.70 per net ton delivered. 
3riefly, the arrangement is as follows: 
Referring to Fig. 3, taken at the Liniers 
plant, the producers are of the water- 
sealed type and double-walled, with inter- 





FIG. 2. GENERAL VIEW IN LINIERS GEN- 
ERATING ROOM 
blast is first heated and saturated in its 
ascent through an _ air-heating tower, 


which is in turn supplied with hot water 
from a gas-cooling tower (both towers 
are shown in Fig. 3). The hot, saturated 
air blast conveyed vertical 
stationed at the outlet to 
each ‘producer (shown at the rear in the 
picture). 


is then to 


superheaters 


These consist each of two con 
centric pipes in which thé hot gas, de 
scending in one pipe, delivers its sensible 
heat to the ascending air, in the other. 
Finaliy, the hot, vapor-laden blast 
passes down the air jacket of the pro 
ducer shell and enters the fuel bed at the 
bottom through a conical tuyere. 

Gas is drawn off above the fuel bed, 
and after traversing the superheaters is 
partly cleansed and cooled rotary 
washer of the splash type. This is shown 
in a long rectangular box in the fore- 
ground of Fig. 3, containing two rotary 
washers. The gas is farther cooled in as- 
cending through a cooling tower filled 


air 


in a 
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with earthenware checker brick, wet 
down with a spray of water from the air- 
heating tower. This water is thus alter- 
nately cooled and heated and simply 
serves to transfer heat from the gas to 
the air, thus returning to the fuel fire- 
bed. Finally the gas is piped to a gas- 
holder, thence to centrifugal dust and tar 
extractors, and lastly through sawdust 
scrubbers. Steam used for operating con- 
veyers, dashes and fans is carried into 
the air main and used up in the producer. 
All steam is supplied from small locomo- 
tive-type boilers in duplicate. 

The prime movers at Liniers are all 
Westinghouse three-cylinder gas engines 
direct-connected to Westinghouse three- 
phase alternators. Three of the four 
units are of 250-brake horse-power each, 
with cylinders 19 inches in diameter by 
22 inches stroke, coupled to 150-kilowatt 
three-phase generators; these run at 200 
revolutions per minute. The fourth unit 
is a 120-horse-power engine having cylin- 
ders 15 inches in diameter by 14 inches 
stroke, coupled to a 75-kilowatt three- 
phase generator which it drives at 272 
revolutions per minute. 

Excitation for the whole station is fur- 
nished by a motor-generator set consist- 
ing of a 60-horse-power induction motor 
running at 700 revolutions per minute 
coupled to a 40-kilowatt 125-volt dynamo. 
To start up the plant, current is taken 


from a steam-driven lighting set. The 
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equipped with induction motors, and in- 
dividual drive is largely used: for ex- 
ample, on the cranes, cap-stands, elevators, 
blowers, pumps, air compressors, etc. 
Group driving is employed only in the 
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power service during the day and light- 
ing service during the night. The former 
yields a load factor of about 50 per cent., 
but during the night the load is light— 
about Io per cent. of the plant capacity. 











., 4. BANFIELD PRODUCERS, GAS-HOLDERS AND ARRANGEMENT OF 


MUFFLERS OUT- 


SIDE OF POWER HOUSE 


case of small tools. At the Liniers works 
there are 93 motors of from % to 80 
horse-power each, the aggregate load 

















FIG. 3. VIEW OF ECONOMIZERS AT LINIERS PLANT, SHOWING PIPING, REGEN- 


ERATORS, 


motor-generator is provided with a heavy 
fly-wheel and runs very steadily; it is 
not affected perceptibly by momentary 
fluctuations of voltage caused by changes 
of load. 

The shops and terminals are completely 


SCRUBBERS AND MECHANICAL WASHER 


being 1071.5 electrical horse-power—prac- 
tically equal to the generating capacity. 


OPERATION . 


At Banfield the plant operates normally 
twenty-four hours per day, giving largely 


Owing to the occasional abnormal fluc- 
tuations in load, an idle engine is usually 
kept running during one shift, which 
tends to decrease somewhat the plant 
economy. Eight-hour shifts are main- 
tained. While the engine-room staff is 
normal, the gas plant requires consider- 
ably more labor than is usual, owing to 
the short shifts and poor coal. Under 
normal average conditions considerably 
greater producer-plant capacity could be 
operated by the same staff, including the 
necessary attention to the auxiliaries. 


. AVERAGE OPERATING COSTS OF THE 
KILO- 


BANFIELD PLANT PER 
WATT-HOUR. 


Day. 


Coal, 10,000  B.t.u. 
slack at $5.60 per 


z Aver- Per 
Night. age. Cent.of 


0 59 


02 


Wages, engine room.. 0.16 
Wages, producerroom 0.32 
Supplies and stores... 0.10 
Running repairs 


Total cost per kilo- anes 


watt-hour 1.22 2.06 1.71 


These costs represent an average over 
six months’ operation with the load fac- 
tors previously mentioned. During this 
period, the average consumption of bitu- 
minous slack at the plant, including 
stand-by and all losses from the ship’s 
hold to the producer, was about 3 
pounds per kilowatt-hour; for the day 
load, the average is about 2 pounds per 
kilowatt-hour. Even at the prevailing 
high price, the coal is of rather poor qual- 
ity, not greatly exceeding 10,000 B.t.u. per 
pound. This is partly due to the fact that 
owing to the number of times the coal 
has to be handled it becomes powdered 





March 31, 1908. 


to such an extent that screening is im- 
possible on account of the great waste. 
As the fine coal sometimes runs as high as 
40 per cent. of the total, this increases the 
difficulty of handling in the producer, also 


POWER 


let us also agree that the twin arrange- 
ment of this machine comprises in reality 
two complete single engines, with a com- 
mon shaft and fly-wheel. 

While the twin-tandem double-acting 





























FIG. 5. 


necessitating more producer labor than 
would be necessary with a more suitable 
coal. 





Why the Tandem Double-acting 
Gas Engine is Standard 


By L. B. Lent 


While the tandem double-acting hori- 
zontal gas engine is commonly accepted 
as the standard type of large gas engine, 
it seems to be a fact that there are many 
persons interested who do not know why 
this is so, and I do not remember reading 
any complete and direct answer to the 
implied question. “I am often asked to 
explain why this type is the favorite one, 


DIAGRAM SHOWING THE CHARACTER OF THE LOAD AT LINIERS PLANT 


engine is a more desirable unit in most 
respects, it is made up of two “standard” 
units coupled together, and therefore is 
not the standard type itself. 

The principal reason why this type has 
become the favorite both of builders and 
users is because it develops a power im- 
pulse at each stroke. This means two 
power impulses per revolution and they 
are both delivered to the crank-pin through 
the same set of reciprocating members. 
It may seem foolish to state such obvious 
facts, but they are important, 
presently be seen. 

Bear in mind, also, that every stroke is 
a compression stroke in some cylinder 
end, so that the inertia of the reciprocat- 
ing parts is cushioned and absorbed at 
each stroke. 

Think for a moment of what the action 


will 
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and induction strokes following, and 
lastly the absorption of power from the 
fly-wheel to complete the compression 
stroke; and enough power has to be ab 
sorbed by the wheel during the expan 
sion stroke not only to carry it for two 
idle strokes and deliver power during the 
third, but to deliver power to whatever 
the engine may be driving during all three 
strokes. Is it any wonder that gas 
engines of this type require such enor 
mous fly-wheels? 

It is obviously impossible to correctly 
balance such a machine except for just 
one stroke of the four making up the 
cycle, for no two are alike in the forces 
which determine the effort for that stroke. 
Is it, therefore, wonder that 
machines “shake,” as some who have had 
experience may know? 


any such 


In the tandem double-acting machine, if 
the load remained constant, it would be 
possible even to correct for crank angu 
larity by properly timing the ignition, 
and have uniformity of effort from each 
stroke, thus putting the necessary amount 
of metal in the crank-disk to almost 
exactly counterbalance. As an illustration 
of how well balanced and 
such an engine is when running at load, 
the photograph page 
duced. This picture is of the rear cylin 
der of a tandem double-acting engine. It 


how steady 


on 478 is intro 


is easy to see that the engine is running 
and that the nickel and penny are stand- 
ing on edge on that part of the engine 
where any motion would be at maximum. 
UNirorm CrANK Errort ESSENTIAL 
The result of power generation and the 
absorption of power during each stroke 
is a very uniform crank effort, and this 
is the essential feature when uni 
form angular velocity is desired. The 
crank effort is the result of the varying 
forces on each side of the pistons and the 


most 
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TANGENTIAL CRANK EFFORTS FOR VARIOUS POSITIONS OF 


and I presume there are many Power 
readers who would like the answer to 
this question, all in one story. 

We are discussing, of course, engines 
operating on the four-stroke cycle and 


is in a single-cylinder single-acting engine. 
First, the generation of high pressure and 
force at the beginning of the expansion 
stroke, no cushioning at the end of this 
stroke, nor during the two idle exhaust 


aeaa8 


CRANK 


varying inertia forces due to the moving 
reciprocating These are very 
heavy in gas engines, but the resulting 
greater inertia forces tend to make the 
crank effort the more uniform. The high 


masses. 
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compression used in gas engines is also 
a helpful factor in’ maintaining 
formity of effort. 

In driving electric machinery, this is 
important, and if engine-type alternators 
are to be operated in parallel, it is all im- 
portant. No gas-engine governor in ex- 
istence has any control over the charge 
once delivered to the cylinder and fired. 
It is all important, then, that the engine 
should deliver its power to the shaft uni- 
formly and as frequently as possible. 

To show the character of the crank 
effort of the “standard” engine, the dia- 
gram herewith is a good example of what 
may be expected from such a machine. 
The curve is carefully calculated from a 
250-horse-power engine now doing daily 
service. With such a crank effort, there 
is not the necessity of an enormous fly- 
wheel in order to produce a very con- 
stant angular velocity. 

The reader will probably appreciate, 
from what has been said, that in the tan- 
dem double-acting engine the forces act- 
ing during each stroke are very nearly 
equal to those of every other stroke. If 
the load and gas. quality remained con- 
stant they should be theoretically equal. 
For this reason, the proper counterweight 
for balancing one stroke is correct for all, 
and hence this type may be more per- 
fectly balanced than any other, and conse- 
quently vibrates or shakes less. Further- 
more, this arrangement of cylinders is 
productive of a more uniform crank effort 
than any other arrangement of the same 
number and gives more uniform angular 
velocity of the shaft. 

While these considerations are, in a 
sense, academic, many practical advan- 
tages result from this type. From the 
builder’s standpoint, the comparative sim- 
plicity of this type makes it less expensive 
to build and therefore more desirable 
from a competitive standpoint, especially 
with steam engines. 


uni- 


SIMPLICITY OF Parts 

While there are two double-acting 
cylinders and two pistons and rods, there 
are only one crosshead, one connecting- 
rod, one crank and, of course, one shaft. 
Only one main frame and bearing are 
required, and all of these parts need be 
no larger than would be necessary for a 
single-cylinder single-acting engine of the 
same cylinder dimensions. 

Looking at it in another way, the 
single-cylinder single-acting engine might 
be made into an engine of nearly four 
times the capacity by simply replacing 
the single-acting cylinder by a pair of 
double-acting ones. And if the main frame, 
shafts and other members forward of the 
cylinder are strong enough in the first 
case, they will be, in general, in the sec- 
ond. Obviously, the necessary gearing, 
sole-plate, etc., must be added to make 
the complete engine. 


Any other method of multiplying sin- 
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gle-acting cylinders to increase power 
necessitates a set of reciprocating mem- 
bers for each cylinder and results in a 
much more complex machine than the 
type under discussion. The multi-cylin- 
dered vertical engines, for example, re- 
quire a crosshead, pin, connecting-rod and 
pin for each cylinder. Trunk-pattern pis- 
tons, of course, take the place of a cross- 
head, but the use of a crosshead is bet- 
ter design for large engines especially. 

Now this matter of an engine with as 
few parts as possible is quite as important 
from the operator’s standpoint as from 
the builder’s. It is hardly necessary to 
dwell at length on the reason why. I 
need only mention that the greater com- 
plexity offers greater chance of accident 
and breakage, that many bearings are 
more difficult to lubricate and keep in 
condition than and that the 
simpler machine is more liable to be in 
better condition than the complex one 
with the same amount and quality of 
attention. 


are few, 
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a factor in the resultant crank effort. 

There are many advantages in hori- 
zontal over vertical engines which might 
be cited, but they apply to all horizontals 
and not to the tandem double-acting type 
only. 

It is possible to extend the discussion 
considerably, but the principal reasons for 
the adoption of the tandem double-acting 
engine have already been stated, I hope 
with some lucidness. To sum up, they 
may be stated briefly as follows: Best 
distribution of power strokes, resulting 
in a more uniform crank effort; equal 
efforts for each stroke, which permits the 
engine to be properly balanced; simplest 
machine with least number of parts, 
which is the cheapest machine to build, 
easiest to erect and most reliable in its 
operation. 


A. S. M. E. Meeting 


The next monthly meeting of the Amer- 
ican Society of Mechanical Engineers will 
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COINS STANDING ON EDGE ON ENGINE CYLINDER, SHOWING STEADINESS OF OPERATION 


When the tandem double-acting engine 
is built with an overhung crank, there are 
only two main bearings, the one embodied 
in the engine frame and the outboard 
bearing. To keep the shaft properly 
lined and placed in these two is a matter 
which requires some attention, but where 
the shaft rests in several main bearings, 
the task is much more difficult, as shown 
by the many broken shafts in the earlier 
multiple-cylinder engines. 

While no mention has been made, the 
reader will probably assume that the en- 
gine under discussion is a_ horizontal 
machine, since no builder has yet turned 
out a vertical machine of this type. Such 
an engine may, however, appear in the 
near future. The preceding-will apply to 
vertical engines quite as well as to hori- 
zontals, except that the gravity force of 
the reciprocating parts will then become 


be held in the auditorium of the engi 
neering societies’ building, New York, on 
the evening of April 14. The general sub 
ject of the meeting is “The Conservation 
of our Natural Resources,” which is now 
receiving unusual attention, because of th 
invitation of the President of the United 
States to the Governors of the 
States, and te the presidents of th 
national engineering societies, to confe: 
with him in Washington on this impor 
tant problem. 

The New York meeting will be ad 
dressed by four speakers who will cot 
sider forest preservation in its relation t 


several 


water power, economy in the utilizatiot 
of fuels, and the attitude of the enginee: 
in regard to these. 

Dr. Henry S. Pritchett will discuss tl 
“Relation of the Engineer to the Bod 
Politic.” 
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The Approximate Cost of Gas Power 


Curves Showing Cost of Installing and Operating Suction and 
Producer Gas-power Plants, as Compared with Steam Plants 





B Y M. r. CLEGHORN 


Is the gas-power plant a commercial 
success ? 
What will be the cost of the installa- 6000 
tion compared with that of a steam plant? 
What is the economy of operation com 
pared with that of a steam plait? 
These are vital questions to the man 
who contemplates installing a gas-pow- 
er plant, questions which he is sure to 
ask and to which he has a right to ex- 
pect answers. 
Anyone who has investigated the sub- 
ject to any extent has doubtless found 
that very little has been written about the 
first cost and the total operating cost of 
gas-power plants. The companies which 
manufacture gas-power plant machinery 
speak in glowing terms of its “fuel 
economy,” usually taking pains to com 
pute this in dollars and cents, but as a 
rule the comparison goes no farther. 
Fuel .economy, while a necessary item, is 
after all only one item and, compared 
with the other items which must of 
necessity be considered, is a small one. ae ms — — — 7“ 
In an endeavor to answer these three B.H.P. Capacity 
questions intelligently, the writer has col 2. COST OF GAS PRODUCERS, INCLUDING COST OF INSTALLING 

















Gas Engine, Producer Gas lected many data on the subject, the most 
Tandem Compound Condensing. H.S. important of which are herewith pre- 
Simple High Speed, Non - Condensing. sented. These data were obtained prin- 
Curtis Stcam Turbine 500 K W, cipally from manufacturers of gas-power 
plant machinery or from gas-power plant 
managers. 

While gas-power plants have not 
‘eached as high a state of perfection as 
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FIG. 3. COST OF GAS-REGULATING TANKS, AL- 
LOWING 10 CU.FT. PER H.P 


steam plants, yet any fair-minded en- 
gineer will admit that they have reached 





a stage where they are reliable and give 


10 20 30 10 50 60 70 ¢ results which make them commercially 
Percent of Rated Load B.H.P. 





successful. That the gas engine is far 
FIG. I. CURVES SHOWING EFFICIENCY AT FULL LOAD AND AT LESS THAN FULL LOAD ahead of the steam engine in thermal ef- 
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ficiency cannot be denied. This is shown 
very clearly in Fig. 1, and it certainly 
makes a strong point for the gas-engine 
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FIG. 4. COST OF VERTICAL FOUR-CYCLE SINGLE- 
ACTING GAS ENGINES FOR DIRECT- 
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industry, the thermal efficiency being the 
heat equivalent of the brake load divided 
by the heat supplied to the engine. 






Cost oF COMPLETE POWER PLANTS 
















In computing the cost of complete pow- 
er plants, the cost of various parts has 
been determined, and as the cost per 
horse-power of a prime mover _ varies 
somewhat with the size of unit, the neces- 
sity arose of plotting the costs of the units, 
with the sizes, into curves from which 
the cost of any size could be determined. 
Brake horse-power has been taken as the 
unit of power, since gas engines without 
exception are rated in terms of the power 
they will develop at the brake. This is 
a more logical unit than the indicated 
horse-power and has come more into 
vogue since the advent of the steam tur- 
bine. These curves will be found in 


engine the cost includes an air compres- 
sor, air tanks for starting and the ex- 
haust muffler. 
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These cost data were ob- 





has not been strenuous enough to force 
the prices to an approximate level. 
Figs. 7 to 10, 
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inclusive, may be found the 
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FIG. 7. SPACE REQUIRED FOR 
tained direct from the manufacturers, at 
least two quotations being obtained from 
different companies and an average taken. 
Right here it might be interesting to 
state that with the gas-engine and gas- 
producer quotations greater variations 
were found than would be the case with 
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Figs. 3 to 6, inclusive. The cost, in any 
case, is the cost of the unit erected and 
ready to run, and in the case of the gas 
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5. COST OF HORIZONTAL GAS ENGINES FOR DIRECT-CONNECTING TO GENERATOR 


200u 25€0 3000 


steam units. This is due, no doubt, to 
the fact that each company is working 
out “its own salvation” and competition 


SUCTION GAS PRODUCERS 


space required for different-sized units. 
This space includes a sufficient clearance 
on all sides of the unit to allow for in- 
stallation and operation. The floor clear- 
ance in the case of engines direct-ccn- 
nected to generators is six feet on all 
sides, and when two or more units are 
assumed a six-foot space between is al- 
lowed. 





Cost oF EQuIPMENT 

In considering the cost of equipment 
for any power station, there are many 
items which must be taken into account, 
and the total cost will depend in a large 
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6. COST OF D.C. GENERATORS FOR 
RECT-CON NECTING TO VERTICAL 
GAS ENGINES 


FIG, DI- 


measure on the completeness of the 
equipment. Every power plant erected is 
restricted to some degree by external 
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agencies, 
of room, and on the other extreme by 
the demand of the public for high-class 


such as limited capital or lack 





1000 


22s 


Square Feet 


o 
= 














100 200 300 400 3500 
B.H.P. Capacity 


SPACE FOR PRESSURE PRODUCERS, 
WITHOUT TANK OR BOILER 


FIG. 8. 


service, and these limitations, together 
with the differences of opinion of engi- 
neers in regard to the equipment necessary, 
are no doubt accountable for the varia- 
tions often found in the estimates of the 
cost of power. It is therefore realized 
that any estimates made along specific 
lines will not be directly applicable to 
other possible plants of the same power. 
This, however, will not discount the 
value of a direct comparison if the basis 
of that comparison is the same in both 
cases. 

For the purposes of this article, an ef- 
fort has been made to obtain the cost of 
complete gas-power plants, suction and 
pressure, of capacities ranging from 50 to 
1500 brake horse-power for the suction 
plants and from 100 to 3000 brake horse- 
power for the pressure plants. An extra 
unit is provided in every case, which al- 
lows for cleaning and repairs without in- 
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sary piping, air compressor, buildings and 
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tion of the necessary valves. Since there 








TANDEM TYPE, 
the engine could be utilized at a small 
outlay of capital for heating a large part 
of the building during working hours. 


KIND AND NUMBER OF UNITS 


Vertical engines have been considered 
exclusively for the suction plants and in 
pressure plants up to 1500 horse-power, 
while in pressure plants of from 1500 to 
3000 horse-power horizontal engines 
have been assumed. Since suction pro- 
ducers are not built larger than 350 
horse-power, the size of plant has been 
limited to 1500 horse-power, to prevent 
complexity. Each engine is connected to 
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FIG. II. 


terruption in the service. Each estimate 


includes gas producers, engines, direct- 
current engine-type generators, all neces- 





LOAD CURVE OF LIGHT PLANT 


its own producer, but a system of cross- 
pipes allows any engine to draw gas from 
the producer next to it, by the manipula- 





DIRECT-CON NECTED 











land, but does not include the station are as many suction producers as en- 
heating system. The waste heat from gines, the suction plants have been con- 
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FIG. 10, FLOOR SPACE REQUIRED FOR HORIZONTAL DOUBLE-ACTING GAS ENGINES, TWIN- 


TO GENERATORS 


sidered as a whole, while in the pres- 
sure plants the producers have been con- 
sidered apart from the engines. At least 
two regards the 
ber of units have been assumed and the 
cheaper one taken. The cost of piping in 
the suction plants has been assumed at 
$3 per horse-power and in the pressure 
plants $5 per horse-power. 

Pressure producers of the steam-blow- 
er type have been chosen, therefore each 
pressure plant contains a steam boiler. 
The size of boiler necessary for a given- 
sized producer was computed for the 
amount of steam necessary for the pro- 
ducer. A pressure producer uses about 
0.8 of a pound of steam per pound of 
coal gasified; consequently, if a producer 
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wi | Coo D 


juarc Feet 


\ 


it 
Wl s2 y 
my oz 
Aon - 
400 |} 4 + 
aie 
+H 
300 Pe +] 
ew (1 om 
u OU 1A 24 
BHP Cay ty 
FIG. Q. FLOOR SPACE REQUIRED FOR VERTICAL 
GAS ENGINES DIRECT-CONNECTED TO 


GENERATOR 


generates one horse-power on 1% pounds 


of coal, it will require 14 * 08 = 1.2 
pounds of steam per horse-power. This 
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TABLE I. 


value was used, therefore, 
the size of boiler. 


i 


CHOICE OF 


UNITS FO 


in computing 


R SUC- 


TION-GAS POWER PLANTS. 





oe Complete Cost 
No. of | Size Of Initial Cost of Per Rated 
a Plant. B..P. 

2 50 $12,468 $249 
| 2 | 100 18,225 182 
3 | 100 27,082 135 
| 3 200 44,154 110 
3 300 56,587 . 94 

| 4 250 67,270 8 
| 4 35 82,204 82 









































































































































































































































TABLE II. 











CHOICE OF PRESSURE PRO- 


DUCERS COMPLETE WITH 
AUXILIARIES. 

= : és 

Size of} y | , i ' Cost 

’ Plant > | Size of — Co — Per Rated 

B.H.P. P sean B.H.P. 
100 2 | 10, $8,505 | $85.00 
200 3 | 100 12,179 60.90 
400 5 | 100 18,597 46.50 
750 4 250 28,067 37.40 
1000 4 330 33,325 33.30 
1500 4 | 500 48,217 32.10 
2000 5 | 5 59,566 29.70 
3000 3 | 1500 89,210 29.70 

TABLE III. CHOICE OF ENGINE GEN- 

ERATOR UNITS FOR PRESSURE- 
PRODUCER PLANTS. 
VERTICAL ENGINES. 

7 » Cost Per 

Size of ‘ » ‘ ‘ 

ae No. of Size of ie — B.H.P. 

ae Units. Units, [nitial Cost. | rating of 
Pays Plant. 
100 2 100 $13,690 | $136.90 
200 3 100 20,370 101.80 
400 3 200 32,211 80.50 
750 4 250 49,061 65.40 
1000 4 350 60,427 60.40 
1500 6 300 82,265 54.80 

HORIZONTAL ENGINES. 

1000 3 500 $96,385 $96.40 
1500 4 500 129,040 86.00 
2000 5 500 146,195 82.10 
3000 5 750 242,147 80.70 
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TABLE 


bic foot. 


Initial Cost! 


-PRESSURE 


VERTICAL ENGINES 


Initial 


IV. COST OF COMPLETE PLANTS 
PRODUCERS. 


Cost Pe r 
Engine |Cost Pro-Total Cost. Rated 
Room, | ducer. | B.H.P. 
$13.690 | $8,505 | $22,195 $221.90 
20.370 12,179 32,549 162.70 
32,211 | 18,597 50 ,808 127.00 
49,061 28,067 77 128 102.80 
60,427 33,325 93 ,752 93.70 
82,265 | 48,217 130 ,482 87.00 
HORIZONTAL ENGINES. 
$96,385 | $33,325 $129,710 $129.00 
129,040 48,217 177 ,257 118.00 
164.195 59,566 223 ,761 111.80 
242,147 89,210 331,357 110.40 
The cost of land for buildings, ete., 


was assumed at 50 cents per square foot, 
and cost of buildings at 11 cents per cu- 
The size of gas-holders for 
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pressure plants was determined by allow- 
ing 10 cubic feet per horse-power, which 
would be sufficient to run the entire plant 
for eight or ten minutes. These holders 
were assumed to be placed outdoors. 

In Tables I, IJ, III and IV may be 
found the number of units chosen for 
each size of plant, and the total cost of 
both suction and pressure plants com- 
plete and ready to run. The total cost 
includes everything found in the plant, as 
well as the cost of the land and buildings. 
The number of units given in the tables 
for each size of plant is the number that 
was found to be the most economical to 
install. 

The concluding article, next week, 
treat of computing continuous expenses, 
cost of jacket water, fixed charges and 
relative continuous costs. 


will 





Pointers for the Steam Plant 


By W. H. WAKEMAN 





Many of the old engines designed 30 
or 50 years ago are still in regular ser- 
vice, but as the boiler pressure has been 
increased in many cases to meet the de- 
mands of greater loads, defects have de- 
veloped which could not have been fore- 
seen by the originators of these durable 
machines. 

Fig. 1 illustrates this point, in which 
the guides are not well supported, as, 
only being bolted to the frame, it is 
plain that an extra support is required. 
This can be secured by setting a small 
casting on the foundation as shown, and 
inserting a stout iron rod into it. <A 
thread is cut on the upper end of this 
rod, which is made just long enough 
to clear the under side of the guides, 
and a nut is put on which is unscrewed 
until it takes a portion of the weight 
of the crosshead 


vibration of the whole when the crank 


passes the outer center. 
Fig. 2 is a cross-section of the frame 
of an old-fashioned Corliss engine, show- 


ing its light construction, causing it to 
spring badly every time that the connect- 
ing-rod reaches the position shown in Fig. 
3. As the crank-pin is below the center 
line, and steam is acting on the crank 
end, the pull is downward on the guides 
The support shown in Figs. 2 and 3 pre- 
vents nearly all of this movement, and 
renders the machine much safer. 

Fig. 4 shows what is commonly called 
an overhanging crosshead, because the 
wrist-pin is set so far ahead of the stud 
which supports the crosshead that much 
unnecessary strain is brought to bear on 
this important part, which was formerly 
made much lighter than modern practice 
demands. The extra support which is 
directly under the wrist-pin was not on 
the original engine, but was designed by 


and guides, preventing ° 
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an ingenious engineer, after the need 
of it had been demonstrated in practice. 
This is true of the previous illustrations. 

Fig. 5 is an end view of the same de- 
vice, showing that it supports both sides 
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FIG. I. 





TYPE OF GUIDE REQUIRING 
SUPPORTING 


of the projecting part, and is adjustable 
by means of the nuts on the two studs. 

Fig. 6 shows a section of the head end 
of a Corliss engine with the cylinder- 
head removed. The engineer attempted 
to withdraw the piston, but when the 
packing rings reached the exhaust port, 
a part of them fell into the opening and 
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LIGHTLY 





FIG. 2. CONSTRUCTED FRAME 


prevented farther progress until the ex- 
haust valve was removed and the packing 
rings pushed back into place. The build- 
ers of this engine did not intend to have 


such an accident happen, and in order 
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to prevent it had bored holes through 
the cast-iron bull-ring, with corresponding 
holes in the packing rings as illustrated 
in the lower part of Fig. 7, as small 
pins with tapering points can be in- 
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FIG. 3. SIDE VIEW OF FIG. 2 
serted in these holes, thus keeping the 
packing rings in place. As the engineer 
had never investigated this matter he 
knew nothing of its convenience. 


DETERMINING CLEARANCE 


Engineers sometimes recommend the 
following plan for determining the dis- 
tance between the cylinder-head of an 
engine and the piston when the crank is 
on either center. Disconnect the cross- 
head end of the connecting-rod, and the 
crosshead as far toward the crank as 
it will go, or until the piston strikes the 
cylinder-head, and mark the position of 
the crosshead on the guides. Then move 
the piston toward the head end as far 
as it will go, and again mark the posi- 
tion of the crosshead on the guides. Put 
the connecting-rod in place, turn the en- 
gine slowly and mark the extreme travel 
of the crosshead on the guides as be- 
fore. This gives two marks at each end 
of the stroke, and the distance between 
them represents what is sometimes called 
the clearance, but this is not correct ex- 
cept when the linear measurement of 
clearance is desired. 

The marks secured when the rod was 
disconnected, should be made permanent, 
as they represent the striking points. 
Some engines are designed so that ad- 
justments made to compensate for wear 
on the connecting-rod boxes draws the 
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FIG. 4. A TYPE OF OVERHANG CROSSHEAD 
piston toward the crank-end cylinder- 
head, therefore, care should be taken 


to prevent the crosshead from traveling 
to these marks, as 
cause a wreck. 


such action might 
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The above directions for finding the 
striking points are correct, but it is 
always a good idea to remove the packing 
rings before trying the experiment, as 
otherwise a part of them may be thrown 
into the ports and cause trouble as il- 
lustrated in Fig. 6. Removing the rings 
does not prevent the engineer from de- 
termining the striking points of his en- 
gine, but this simple precaution may pre 
vent much unncessary work. 

Fig. 8 shows the cylinder-head and the 
steam chest of a small steam pump. Cap 
screws are used to hold the latter in place 
and the heads are so near the vertical 
casting that it is very difficult to turn 
them with a wrench, and more so as 
small strengthening ribs extend down 
on each side of the head, against which 
the wrench strikes as soon as the head 
begins to turn. These screws were put 
in with a special wrench at the shop 
where the pump was made, and it was not 
then a difficult job. 














FIG. 5. END VIEW OF FIG. 4 

I removed these screws, after cutting 
the head of one of them nearly off witt 
a cold chisel, and secured duplicates, ex 
cept that they were 1% inches longer 
Pieces of %-inch pipe 1% inches long 
were cut in a lathe in secure 
square ends, and put on as illustrated by 
the dotted lines. 

A large number of boilers are fitted 
with water columns including high and 
low water alarms, but the whistles which 
should blow when the safe limit in either 
direction is approached, are cither plugged 
so that they cannot blow, or else they 
have been removed altogether. This seems 
to be bad practice, because they are de- 


order to 


signed to call attention to carelessness 
the fireman or 


the 


water 
level is 
very quiet. 


on the part of 
tender, and 
properly maintained they ar: 
Why should anybody object to a device 
that makes a fireman more careful than 
he otherwise would be, about such an im- 
portant matter as maintaining a proper 


when water 
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water level at all times? Enyineers 
frequently complain about the indifferent 
way in which this work is attended to, 
therefore, it seems as if an _ effective 
alarm that is always on duty would be 





FIG. 0. 


FALLEN PACKING RING 
appreciated, but it is not always so in 
practice. The natural conclusion is that 
engineers do not care to have it known 
that their assistants or themselves ever 
neglect their work. 

I have five of these high and low water 
alarms, all of which are in use at the 
time. 
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FIG. 7. SHOWING HOLE FOR PIN 


put on he manages to have several alarms 
given about every day, but if he is com- 
petent for the position he soon learns 
to keep the water level so steady that 


an average of one alarm in more than 
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a week is heard, thus insuring safety 
for the engines from the effects of high 
water, and for the boilers from low water. 


FAuLty FIirinGc 


I visited a certain plant a short time ago 











FIG. 8. EXTENSION BOLTS 


and when the fireman opened the furnace 
doors of a boiler it showed a dead plate 
almost completely covered with live coals, 
although it is not a part of the grate 
and should never be treated as if it were. 
A large hole was burned in the lining of 
each door as illustrated in Fig. 9. The 
arch-plate was badly burned and warped 
although it still supported a few bricks 
under the dry-wheel. Absence of a part 
of the masonry above this plate allowed 
much heat to be transmitted to the cast- 
iron front above the furnace doors, con- 
sequently it was of a dull gray color and 
taken as a whole the mouth of this fur- 





























FIG. 9. BURNT DOOR LININGS 


nace had a very dilapidated appearance. 
When the fireman put on more coal he 
found it rather difficult to get it through 
the space between the pile already there 
and the arch-plate, and he did not fail 
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to leave some fresh coal on the dead 
plate. When he closed the furnace doors 
the linings were in direct contact with the 
fire. 

The boiler room of a certain large man- 
ufacturing firm is equipped with a battery 
of internally fired boilers. The lining of 
every furnace door on the battery is 
burned through, and what is still worse 
there is a hole completely through every 
door as illustrated in Fig. 10. The fires 
are carried so far forward that live coals 
are continually dropping through these 
holes on to the floor. The surprising part 
of this experience is that the firemen em- 
ployed in these places and hundreds of 
others like them, consider these defects 
a necessary part of the business. I once 
saw an arch-plate that was taken from the 
furnace where it had been used for nearly 
every working day for 13 years, yet it 
was in good order except where expan- 
sion and contraction had broken it into 
two pietes. Even then it had not fallen 
down, but when the brick work was re- 
placed it was not considered best to put 
it back again. 

There is a pair of furnaces in my plant 
that have been used for about 12 years, 
yet the doors on them are in perfect 
order, including the perforated linings 
which have never been renewed. This 
durability is due to the design of the 
dead plates which are 18 inches wide, and 
to the orders which forbid the fireman 
to allow any coal on them. If there is 
a narrow strip of grate left bare next 
to the dead plate it allows air to comc 
up at this point and pass over the fire 
where it is needed to assist in the com- 
bustion of soft coal, and the prevention 
of smoke. At the same time it disposes 
of some of the execessive heat that would 
otherwise destroy the doors. 

Fig. 11 illustrates an asbestos-packed 
plug-cock that I saw on a 2%-inch blow- 
off pipe of a large tubular boiler. Look- 
ing on the stuffing-box which is held in 
place by four bolts, a heavy lug may be 
seen on the right-hand side of the plug. 
A recess is cast in the plug into which 
the lug projects, therefore, the plug can 
be turned through one-quarter revolution 
only. 

When these asbestos packed plug-cocks 
were first introduced to engineers and 
steam users, there was no lug on the 
stuffing-box gland, therefore it could be 
turned in one direction through a com- 
plete revolution if desired. This led to a 
difference of opinion among engineers 
concerning the proper way to operate 
these blow-off cocks, as some _ believed 
that when one of them was opened it 
should always be turned in one directton, 
and when it was closed it ought to be 
given another quarter of a revolution in 
the same direction. This ought to be 
repeated indefinitely, or in othér words the 
direction of travel ought never to be re 
versed. Others believed that the plug 
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ought to be given one-quarter of a revo- 
lution to open it, in the same direction 
that a globe-valve stem turns to open, 
then it should be reversed to close it, 
and this plan ought to be followed at 
all times. 

After this plug-cock had been in the 














FIG. 10. BURNT FURNACE DOORS 


market for several months and many of 
them were in use, we noticed that new 
ones from the factory were so made that 
they could be given one-quarter revolu- 
tion to open, and when the time to close 
it arrived it had to be turned back to 
its former position. As a general rule 
this action of the manufacturers settled 
the argument as nearly as any such con- 
troversy can be settled, but in the case 
illustrated in Fig. 11 the engineer had cut 
off the lug shown in order to turn the 
plug accordingly. The result was that the 
cock leaked water badly so that serious 
results would have followed were it not 
for the fact that there was a gate valve 
on the same pipe. The greater weight 
of evidence is in favor of allowing the 
lug to remain, and if a certain cock has 
no lug on it, then use it the same as if 
it were supplied with one. 





To get the length of a belt where it is 
not convenient to measure, add the diam- 
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FIG. II. SHOWING LUG 


eter of the two pulleys together, divide 
the result by 2 and multiply the quotient 
by 34%. Add the product to twice the dis- 
tance between the centers of the shaft and 
you have the approximate length required. 
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Setting the Valves of the Curtis Turbine 


Purpose of the Stage Valve; Possible Troubles with Mechanical 
Valve-gear, and Remedies; Adjusting the Governor; the Baffler 
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Under some conditions of service the 
stage valve in the Curtis turbine will not 
do what it is designed to do. It is usually 
attached to the machine in such manner 
that it will operate with, or a little be- 
hind, in the matter of time, the sixth 
valve. The machine is intended to carry 
full load with only the first bank of five 
valves in operation, with proper steam 
pressure and vacuum. If the steam pres- 
sure is under I50 pounds, or the vacuum 
is less than 28 inches, the sixth valve 
may operate at or near full load, and also 
open the stage valve and allow steam to 
pass to the second-stage nozzles at a 
much higher rate of speed than the 
steam which has already done some work 
in the first-stage wheel. The tendency is 
to accelerate unduly the speed of the ma- 
chine. This is corrected by the governor, 
but the correction is usually carried too 
far and the machine slows down. With 
the stage valve in operation, at a critical 
point the regulation is uncertain and ir- 
regular, and its use has to be abandoned. 
The excess first-stage pressure will then 
be taken care of by the relief valve, 
which is an ordinary spring safety valve 
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valve-stems; or may have fitted the dis- 
tance bushings between the shield plates 
too closely; the superheat of the steam 
may distort the steam chest slightly and 
produce friction that will interfere with 
the regulation. If any of the valve-stems 
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should become loose in the crossheads 
they may screw themselves either in or 
out. If screwed out too far, the valve- 
stem becomes too long and the pawl in 
descending will, after the valve is seated, 
continue downward until it has broken 
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check-nuts set up firmly. If for any pur 
pose it becomes necessary to “set the 
valves” on a_ 1500-kilowatt mechanical 
gear, the operator should proceed in the 
following manner. 


SETTING THE VALVES OF A 1I500-KILOWATT 
CurTIS TURBINE 


We will consider what is known as the 
“mechanical” valve-gear, with two sets of 
valves, one set of five valves being lo 
cated on each side of the machine. 

In setting the valves we should first 
“throw out” all pawls to avoid breakage 
in case the rods are not already of proper 
length, holding the pawls out by slipping 
the ends of the pawl springs over the 
points of the pawls, as seen in Fig. 1. 
Then turn the machine slowly by hand 
until the pawls on one set of valves are 
at their highest point of travel, then with 
the valves wide open, adjust the drive- 
rods, ie., the rods extending from the 
crank to the rock-shaft, so that there is 
1/32 of an inch clearance (shown dotted 
in Fig. 2) at the point of opening of the 
pawls when they are “in.” (See Fig. 3.) 
Then set up the check-nuts on the drive- 











which allows the steam to 
blow into the atmosphere. 
[he mechanical valve-gear does 


often get out of order, but sometimes the 


(not pop) 
not 


unexpected happens. The shop man may 
Not have properly set up the nuts on the 





something. If screwed in, the crosshead 
will be too low for the upper pawl to en- 
gage and the valve will not be operied. 
This second condition is not dangerous, 
but should be corrected. The valve-stems 
should be made the right length, and all 


rod. Turn the machine slowly until the 
pawls are at their lowest point of travel. 
Then, with the valves closed, adjust each 
valve-stem to give 1/32 of an inch clear- 
ance at the point of closing of the pawls 


when they are “in,” securely locking the 
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check-nut as each valve is set. Repeat 
this operation on the other side of the 
machine and we are ready to adjust the 
governor-rods. (Valves cannot be set on 
both sides of the machine at the same 
time, as the pawls will not be in the 
same relative position, due to the angu- 
larity of the drive-rods.) 

Next, with the turbine running, and 
the synchronizing spring in mid-position, 
adjust the governor-rods so that the tur- 
bine will run at the normal speed of 900 
revolutions per minute when working on 
the fifth valve, and carrying full load. 
The governor-rods for the other side of 
the turbine (controlling valves Nos. 6 
to 10) should be so adjusted that the 
speed change between the fifth and sixth 
valves will not be more than three or 
four revolutions per minute. 

The valves of these turbines are all set 
during the shop test and the rods 
trammed with an eight-inch tram. Gov- 
ernors are adjusted for a speed range of 
2 per cent. between no load and _ fuli 
load (1500 kilowatt), or 4 per cent. be- 
tween the mean speeds of the first and 
tenth valves (no load to full overload 
capacity ). 
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to occur which will interfere with the 
regulation, but too close work on: the 
shield-plate bushings, or a slight warping 
of the steam chest, will often produce fric- 
tion which will seriously impair the regu- 
lation. If it is noticed that the shield- 
plate shaft has any tendency to oscillate 
in unison with the rock-shaft which car- 
ries the pawls, it is a sure indication that 


the shield plates are not as free as they ° 


should be, and should be attended to. 
The governor-rod should be disconnected, 
the pawls thrown out and the paw] strings 
hooked over the ends. 

The plates should then be rocked up 
and down by hand and the friction at dif- 
ferent points noted. The horizontal rod 
at the back of the valve-gear may be 
loosened and the amount of end play of 
each individual shield plate noticed and 
compared with the bushings on the hori- 
zontal rod at the back which binds the 
shield plates together. If the plates sepa- 
rately are found to be perfectly free they 
may be each one pushed hard over to the 
right or left and wedged; then each bush- 
ing tried in the space between the tail- 
pieces of the plates. It will probably be 
found that the bushings are not of the 
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FIG, 


The rods which connect the governor 
with the valve-gear have ordinary brass 
ends or heads and are adjusted by right- 
and-left threads and secured by lock-nuts. 
They are free fits on the pins which pass 
through the heads, and no friction is likely 
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right length, due to the alteration of the 
form of the steam chest by heat. It will 
generally be found also that the bushings 
are too short, and that the length can be 
corrected by very thin washers of sheet 
metal. I have found in some instances 
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that the thin bands coming with sectional 
pipe covering were of the right thickness. 
After the length of the bushings is cor- 


rected the shield plates may be assembled, 


made fast and tested by rocking them up 
and down, searching for signs of sticking. 
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If none occurs, the work has been cor- 
rectly done, and there will be no trouble 
from poor regulation due to friction of 
the shield plates. 





THE BAFFLER 

The water which goes to the step-bear- 
ing passes through a baffler, the latest type 
of which is shown by Fig. 4. It is a 
device for restricting the flow of water 
to the step- and guide-bearing. The 
amount of water necessary to float the 
machine and lubricate the guide-bearing 
having been determined by calculation and 


experiment, the plug is set at that point 
which will give the desired flow. The 
plug is a square-threaded worm, the 


length of which and the distance which it 
enters the barrel of the baffler determining 
the amount of flow. The greater the 
number of turns which the water must 
pass through in the worm the less will 
flow against the step-pressure. 

The engineers who have settled upon 
the flow and the pressure decided that a 
flow of from 4% to 5% gallons per minute 
and a step-pressure of from 425 to 450 
pounds is correct. These factors are so 
dependent upon each other and upon the 
conditions of the step-bearing itself that 
they are sometimes difficult to realize in 
every-day work; nor is it necessary. [If 
the machine turns freely with a lower 
pressure than that prescribed by the engi 
neers, there is no reason for raising this 
pressure; and there is only one way of 
doing it without reducing the .area of 
the step-bearing, and that is by obstructing 
the flow of water in the step-bearing itself. 

A very common method and, I think, 
the only method, used is that of grinding. 
The machine is run at about one-third 
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speed and the step-water shut off for 
15 or 20 seconds. This causes grooves 
and ridges on the faces of the step-bearing 
blocks, due to their grinding on each 
other, which obstruct the flow of water 
between the faces and thus raises the pres- 
sure. It seems a brutal way of getting a 
scientific result, if the result desired can 
be called scientific. The grooving and 
cutting of the step-blocks will not do’ any 
harm, and in fact they will aid in keeping 
the revolving parts of the machine turn 
ing about its mechanical center. 

The operating engineer will be very 
slow to see the utility of the baffler and 
when he learns, as he will sometime, that 
the turbine will operate equally well with 
a plug out as with it in the baffler, he will 
be inclined to remove the baffler. 

If the water. supply should ‘fail‘ from 
any cause and the step-bearing:- blocks 
































FIG. 5 


rub together, no great amount of damage 
will result. The machine will stop and if 
the step-blocks are not welded together, 
the machine may be started as soon as the 
water is obtained. If vibration occurs it 
will probably be due to the rough treat- 
ment of the step-blocks, and may be cured 
by homeopathic repeat-doses of grinding, 
say about 15 seconds each. If the step 
blocks are welded a new pair should be 
substituted and the damaged ones refaced. 

Some few experimental steps of spher- 
ical form, called “saucer” steps, have been 
installed with success (see Fig. 5). They 
seem to aid the lower guide-bearing in 
keeping the machine rotating about the 
mechanical center and reduce the wear 
on the guide-bearing. In some instances, 


. 


too, cast-iron bushings have been substi- 
tuted for bronze, with marked success. 
There seems to be much less wear be- 
tween cast-iron and babbitt metal than be- 
veén bronze and babbitt metal. The 
atter is really worth a thorough investi- 
£at10n, 
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Catechism of Electricity 


BARRIERS AND REMOVABLE FUSE-HOLDERS 


654. Kor what barriers 
used? 
When a fuse is melted or blown by an 


abnormal current there is a tendency for 


purpose are 


the current to are across the open gap. 
This tendency increases under a high po 

















FIG, 203. FUSE-HQLDER ,.REMOVED FROM 
TERMINAL 


tential and becomes very troublesome. To 
meet this difficulty barriers are provided 
between the terminals to which the fuse is 
attached. 

655. Illustrate and describe the applica- 
tion of barriers. 

Fig. 203 shows a fuse-holder with bar- 
riers attached. The base c to which the 
terminals a and b are attached, is of mar 
ble. The arrangement shown at the left 
constitutes the fuse-holder and serves to 
make connections between the terminals a 
and b. ‘The blades m and n fit into the 
jaws of the terminals and are connected 
together by a fuse that runs through the 
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“FIG. 204. FUSE-HOLDER IN POSITION ON TER- 


MINAL BLOCK 


tube e. The blocks r and s to which the 
connecting jaws are attached, are of mar- 
ble, and are sufficiently large to prevent 
any arcing across from one terminal to the 
other. when the fuse blows. The fuse- 
holder is handled by the grip d. In Fig. 
204 the plug is shown in position. The 
tube through which the fuse passes is 
open at both ends, and when the fuse ‘is 
melted it heats and expands the air in- 
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side, thereby causing a draft through the 
tube; this action also suppresses arcing 
tendencies. 

656. What is the object in mounting the 
fuse on a removable holder? 

The protection of the attendant in re- 


placing a fuse. With this arrangement, 
the attendant can 
thoroughly to its own terminal blocks 
without touching the live circuit. More- 
over, if the fuse should blow while it is 


secure the fuse 


being inserted in the circuit, no harm can 
be done to the attendant, because his hand 
is protected by the barriers and the fuse-in- 
closing tube e. 

057. Is there any other form of fuse- 
holder beside that shown in Fig. 204? 

Yes; for very high voltages the fuse 
holders are usually constructed so that all 
parts which make contact are entirely in- 
closed; Fig. 205 illustrates such a type of 
cut-out 

658. Describe this kind of fuse-holder 

The cone or cap a is made of glazed 
porcelain and is open only at the bottom. 
It is provided with two jaws c and d, 

















FIG. 205. \N INCLOSED CUT-OUT 


which receive the blades m and n on the 
plug shown at b. The fuse s extends 
around the end of the plug and passes 
through a small tube v, on each side. This 
arrangement prevents any arcing across 
the terminals of the plug. 
is shown at o. 


One terminal 
Contact between the ter 
minals of the plug and the line wires x 
and z is made by inserting the plug in 
the cap a from underneath, and giving it 
a quarter turn. The plug is shown re 
moved, but when in its place all the 
terminals are, entirely boxed up by the 
porcelain cap; this part of the circuit is 
closed, and if a current should melt the 
fuse and happen to arc across the termi 
nals of the plug, it will be confined and no 
damage will be done. 

659. Are the fuse-holders 
presented serviceable on 
circuits ? 


previously 
direct-current 


They are for use on either direct- or 
alternating-current circuits carrying rela- 
tively small currents. Any circuit carry- 
ing a heavy current should be protected 
by means of circuit-breakers. 
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High-pressure Hydraulic Elevator 


Construction of the Cylinder and Plunger of the Otis Vertical 
Machine, also Showing Construction and Operation of Valves 


BY WILLIAM BAXTER, JR. 




















CONSTRUCTION OF CYLINDER AND PLUNGER 
The construction of the cylinder, the 
plunger and the sheaves of the Otis 
high-pressure vertical machine is shown 
in Figs. 205 to 207. Fig. 205 gives ex- 
ternal and sectional views of the cylinder, 
the upper end of which is seen at A and 
the lower end at B. To shorten up the 
drawing the cylinder is broken at C C. 
The plunger is indicated by D. Above 
the cylinder are shown the stationary 
sheaves held between side frames made 
ss Ys of channel iron G, to the lower end of 
\ which the cylinder is bolted, as shown at 
)) | = G’. The channel frames G are bolted to 
Lf] a rod H at the upper end, and this is held 
\ between beams / that are secured to the 
\ wall or floor framing of the building. 
The traveling sheaves are carried in a 
crosshead attached to the lower end F 
of the plunger. 

The internal construction of the cylin- 
der is shown in the vertical section, which 
is taken at right angles to the exterior 
view. The upper end of this drawing 
shows the way in which the bearings of 
the stationary shedves are held between 
the side frame channel beams G G andin | ji 
like manner the lower end shows the con- 
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struction of the cap F that forms the end sh 
of the plunger and the support for the pl. 
traveling-sheave frame. This cap is con- cle 
structed cup-shaped on its upper side to cy 





receive the drip from the cylinder. The 
plunger, it will be noticed, does not fit the 
cylinder throughout its entire length, but 
only for a short distance at the lower end, 
where the stuffing-box is located. The 
cylinder is held up by the rod H, and is 
sustained against side displacement by 
means of one or more rings K and the 
frame J, the construction of both of which 
can be readily understood from the draw- 1 t | | 
ings. An end view of the frame J is ! 
shown in Fig. 206, which is a section ! 
through the cylinder at a point above J — a | 
in Fig. 205, viewed downward and show- 
ing a top view of the traveling sheaves, 
which in a complete view of the eleva- 
tion would be seer below F in Fig. 205. 1 | 
The outlet M in Fig. 205 is the pipe con- 
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nection through which the actuating water 

enters and passes out of the cylinder. The = 

pipe itself is seen at M’ in Fig. 206. The N° eee . } 
T-bars J’ J’ to which the frame J is bolted r H Jones 9° © Of 

form the guides for the crosshead of the 5 f | Ho-° oe 




















traveling sheaves, and the cylinder is 
held true with these by means of the 
frame J so as to keep the plunger and 
the crosshead guides in line. 
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The traveling sheaves, the crosshead 
ind the guides are shown in Figs. 207 
and 208, the first being edge and side 
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two illustrations on account of the length ; 
the details would be entirely too small to 
be shown clearly if the complete construc- 
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FIG. 200 
tion were shown in one drawing the 


elevations, and the second a plan section 
taken on line XY X of the side elevation 
in Fig. 207. The crosshead is made up 
of side frames N consisting of channel 
iron, with cross connections between the 
sheaves and at the ends, and additional 
cross beams N’ to which are fastened the 
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FIG. 208 
shoes N” that run on the guides /’. The 


construction of the crosshead is so clearly 
shown in the drawings that a detailed ex- 
planation is not necessary. To realize 
clearly the arrangement of the complete 
cylinder and the sheaves, stationary as 


length of the page of this journal. 
The construction of the cylinder and 
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other parts of the horizontal machine can 
be understood from Figs. 209 and 210, the 
former showing a side elevation with the 
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der taken on line AA of Fig. 209. The 
cylinder barrel is made of wrought iron 
with the flanges welded on. To the back 
end is bolted a casting having an annular 
chamber from which a number of port 
holes open into the central bore. This 
casting is closed with a head held by the 
bolts that hold the casting to the cylinder, 
as shown in Fig. 209. At the front end 
of the cylinder is a casting that contains 
the stuffing-box; this casting is bored to 
fit the plunger. On the rear end of the 
plunger is bolted a shoe which slides on 
a brass strip along the lower side of the 
cylinder from one end to the other. The 
object of this strip is to hold the back 
end of the: plunger in line with the front 
end and also to keep the plunger from 
dragging on the cylinder wall and the 
lower side of the stuffing-box. 
tion as well as sectional shape of the 
wearing strip is shown in Fig. 210. 


The posi- 


In the plan view of the machine, Fig. 


209, the automatic is shown 


stop-valve 








210 


ot the mechanism by 
An end view of this 
Looking at 


and also a top view 
which it is moved. 
valve is shown in Fig. 210. 



































f Machine 


Left Hand Side 
































2% H.P. Hydraulic Automatic 


Stop Valve with Bevel ¢ 


Well as traveling, Fig. 207 should be seen 
bel Fig. 205, of which it is a continua- 
tion The divided 


into 


construction 1s 





tears 


FIG. 209 


cylinder in section and a plan view of the 
whole machine, the latter a rear-end view 


and a section at right angles to the cylin 





Fig. 209 it will be noticed that one of the 
stationary sheaves at the back end of the 
cylinder is larger in diameter than the 
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others; this construction is used so as to 
be able to stack machines one above the 
other without setting the top sheaves back 
of the lower ones, or making them of 
smaller diameter in order to afford room 
for the ropes from the lower machine to 
run up the elevator well. It is obvious 
that if the upper machine is made with 
the large sheave on the right side and the 
lower one has it on the left, the ropes 
from the lower machine can run up past 
the upper set of sheaves without striking 
them, as they are of smaller diameter on 
that side of the machine. This arrange- 
ment is clearly shown in Fig. 204. 





A Remarkable Boiler 


A circular from one who styles himself 
“Inventing Architect” sets forth the 
claims for a boiler which, it is stated, will 
give “four to five times more strength 
than formerly with the same coal,” and 
which will render it useless to extract 
electricity direct from coal, as the new 
boiler will raise the efficiency of steam- 
power production to 100 per cent. from 
the present 15 per cent. The inventor 
says: “My invention re-creates steam 
power and makes it the Imperator and 
the Pontifexr- Maximus of all motor 
power, and it is the only economical gen- 
erator of electricity. Being a man of a 
so-called all-round high education and 
being very quick to see a weak point in 
our ever-advancing technical age, I like 
to cure it, as a matter of course, and I 
think people who say ‘Let good enough 
be well enough’ should be awakened from 
their lazy sleep. The latest, but weak 
substitutes, for the good old_ reliable 
steam power, I mean the gas and hot-air 
engines, the oil engines, motors, etc., will 
consequently find an early grave in the 
rust-hill cemetery as soon as my Optimo 
boiler appears on the high plane of 
modern industry.” The reader is asked 
to send $2 for “the secret,” and is cau- 
tioned to remit only by express.—Elec- 
trical World. 





The first 60,000-volt hydroelectric plant 
in Japan was recently put into service, 
after having passed the rigid inspection 
which is required by the Japanese Gov- 
ernment of all electrical installations. 
Power is obtained by impounding the 
Ugigawa river, a narrow and swift, but 
deep river, such as is often found in the 
mountainous portions of Japan. The nor- 
mal capacity of the main station is 18,000 
kilowatts, furnished by six 3000-kilowatt, 
50-cycle, 6600-volt 
alternators. 


water - wheel - driven 





Cast-iron fly-wheels should not, if pos- 
sible, be given a greater speed than 80 
feet per second, and a mile a minute is 
considered the limit as to speed. 
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Storage of Anthracite 


Storage facilities have been increased 
by the anthracite-mining companies within 
the last five or six years to an extent that 
few people outside of the coal business 
realize. Recently a prominent engineer 
said that it was a conservative estimate 
to put the reserve capacity at 10 per cent. 
of the annual production. Strikes, inter- 
rupting production, were largely responsi- 


ble for the widespread and rapid construc- - 


tion of plants where fuel can now be ac- 
cumulated for a “rainy day.” 

The object of the companies is to render 
the coal supply steady to prevent sudden 
fluctuations in the market which have 
been, at certain periods, very embarrass- 
ing to the entire public. A vast outlay of 
money has been made for the up-to-date 
mechanically operated plants which have 
sprung up on the Atlantic seaboard, in 
the coal regions, on the Great Lakes and 
along the lines of the railroad. The result 
of the outlay will be a year-around tran- 
quility in the coal trade—as far as a fuel 
amine is concerned. 

The millions of dollars thus spent have 
added millions of tons to the total storage 
capacity. Though the investment is one 
of the kind that in itself brings in no re- 
turn, it had to be made. The growing 
demand and the possibility of future in- 
terruptions of mining made ample storage 
an absolute necessity. 

It is not many years since the storage of 
anthracite, compared with other branches 
of the industry, was regarded as com- 
paratively unimportant. Now, nothing is 
more essential to a producing company 
than to have its ample reserve—a reserve 
which can be drawn upon at any moment 
for vast quantities of fuel in case of a 
strike, or any other untoward circum- 
stance. When it is considered that the 
marketable output of anthracite last year 
was 67,109,393 tons, the extent of a I0- 
per cent. reserve can be appreciated. New 
plants are being built continually, in order 
that storage accommodations not 
shrink as production increases. 

Even as recently as 10 years ago the 
thought that production would ever reach 
its present volume never occurred to the 
mining man. In 1898 the marketable out- 
put of anthracite, which does not include 
the coal used by the companies and at the 
mines, was only 41,899,751 tons. There 
had been no appreciable change from 
year to year since 1890. In 1899 there 
was a jump to 47,000,000 tons, with a 
serious relapse in the year of the big 
strike, 1902, and from then on were re- 
corded big jumps in the amount. 

Interruptions in coal mining introduced 
a general uncertainty. Labor troubles, or 
the fear thereof, had their inevitable effect 
upon prices. Neither the operator nor 
the consumer, nor the mine laborer knew 
what was going to happen next. The 
supply of fuel depended largely upon the 
daily output at the mines. When work 


may 
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stopped there the demand pressed so hard 
that there was apt to be a scramble for 
coal. 

It was in these troublous times in the 
coal trade that a new impetus was given 
to the building and equipping of storage 
plants. Not only were they to provide 
against strikes, it was to enable mining 
to go on throughout the year, evenly and 
undisturbed. The great demand comes, of 
course, in the winter, but if storage ac- 
commodations are available, there is no 
reason why the miners should not work 
just as busily during the warm weather. 


Coat STORAGE IS A SCIENCE 


Coal storage nowadays is a science, like 
mining itself. It has its own peculiar 
conditions, its experts, its inventions. No 
longer is coal dumped from a car by the 
crude, old-fashioned methods, and loaded 
into another car in the same crude way. 
Electricity and steam have come into play 
here, as nearly everywhere else. The 
day’s work is measured in thousands of 
tons, the year’s in millions. 

Storage plants represent a large part of 
the capitalization of coal companies. The 
fact that they bring no direct profit in 
themselves cannot delay their construc 
tien. They are a necessity of modern in- 
dustry. The machinery with which they 
are equipped, though enormously costly, 
is as necessary these days as the storage 
piles. If anthracite production continues 
to increase as it has increased in past 
years, more and more capital will be re- 
quired to be put into storage plants. For 
it is fairly certain that the percentage of 
reserve to total will never be allowed to 
fall off. 

As anthracite and bituminous coal differ 
in chemical composition, and in the man- 
ner of their mining, so they are very dif- 
ferently stored. As a rule, bituminous 
coal is stored by the consumer, or by 
some middleman. Anthracite, on the 
other hand, has to be stored by the pro- 
ducing company. This is due in part to 
the fluctuation in the demand for the sev- 
eral sizes of the hard coal. Bituminous 
coal being uniform, not divisible in sizes, 
the supply can be adapted to the demand 
with a fair degree of accuracy. But the 
sizes of anthracite rank as separate com 
modities, and if the demand for 
variety falls off, the variety’ has to be 
stored to await a better market. 

If it were possible to mine just the sort 
of anthracite desired during a_ given 
period, the problem of storage would be 
simplified. But the production of 
various sizes is entirely independent of the 
market; they have to be taken out of the 
ground together, and unless they can be 
readily stored a healthy state of trade |s 
impossible. 

Bituminous coal must be stored in piles 
not more than 35 feet high, to avoid the 
danger of spontaneous combustion. An- 
thracite can be stored in much deeper 
piles. It can be handled with bucket con 
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veyers and other similar implements, on 
account of its hardness, but it must be so 
handled that excessive breakage will not 


result. Breakage is the most important 
consideration in the anthracite industry, 
because the smaller the coal the lower the 
price. Every piece of coal that breaks 
means so much transferred from a supe- 
rior to an inferior variety. 


. 


A Movern STORAGE PLANT 


A coal-storage plant that represents the 
modern state of the science is the Lehigh 
Valley Coal Company’s new one at South 
Chicago, Ill. It has a comfortable capa- 
city of 125,000 tons, but this could be 
stretched under necessity. The structure 
is four times as large as the Coliseum in 
Chicago, and larger than the Lake Shore 
passenger station. It is 540 feet long, 231 
feet wide and 72 feet high. This plant is 
covered. In a cold climate anthracite 
freezes unless it is protected from the 
weather. When a pile of coal freezes the 
feelings that it inspires in the man who 
has to move it are such as are hard to 
express in polite language. A God-fear- 
ing foreman of an uncovered storage plant 
once said to his pastor: “I never cuss 
except when my coal freezes.” 

In a moderate climate it may prove 
more economical to take chances on the 
weather—the number of days of freezing 
temperature may be so small that the loss 
will not be great. In regions where it is 
sure to be cold several months every 
vear, there has to be a roof. The cost 
of the roof may be high, and it usually 
is, but a roof there must be. 

The South Chicago dock replaces. one 
that was burned in 1906. The company’s 
engineers have made sure that the de- 
struction will not be repeated. The new 
dock is of concrete and steel, and has all 
the qualifications of an absolutely fire- 
proof structure. Its capacity, moreover, 
is 50,000 tons greater than that of the old 
one. 


MACHINERY Cuts Down Lapor Force 


Even more remarkable than the build- 
ing itself is its mechanical equipment. 
Thirteen men are’ all that are required for 
the working force now, and ’20 will 
be ample in the season of open naviga- 
tion, when boats arrive daily with car- 
goes to be unloaded. By means of a 
box-car loader” four men do the work 
which it used to require 34 to do. Five 
great hoisting towers rise from the 
wharf, each operating a grab-bucket that 
holds a ton and a half. A bucket con- 

er is so constructed that it carries coal 
simultaneously in opposite directions, both 
the top and the bottom lines of buckets 
ng utilized. 
(he dock is equally accessible from the 
ter and the railroads. Most of the coal 
‘eceived by lake. It can be stored to 
it shipment, or it can be put through 


big revolving screens in the screen 
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house, and immediately reloaded into cars. 
To the eyes of an outsider this car-loading 
is wonderful. The car is placed on a sort 
of cradling device, which rocks it as the 
coal is poured in. This scatters the coal 
over the entire floor. The loading of a 
car requires only five or six minutes. As 
fast as one car is drawn off by pulley 
cable, another descends from a “hump” by 
gravity, and is ready to take on its load. 
When the locomotives arrive they find 
complete trains waiting for them. 

This South Chicago storage plant is 
divided into three parts inside, each part 
being for one sort of coal. The partitions 
are movable, so that the sections can be 
enlarged or made smaller in accordance 
with the condition of the market. If there 
is a great demand for nut coal, for ex- 
ample, the supply of it may be rapidly de- 
pleted and its section will then be reduced 
in size; at the same time the pea-coal 
section may be enlarged for the putting 
away of a large supply. 


RESERVE FoR New York City 


It is a fact perhaps little known that 
New York City and some of the vessels 
in its harbor consume at least one-eighth 
of the country’s total output of anthra- 
cite. The strict regulations against de- 
filing the atmosphere with black smoke 
make it impossible to use bituminous coal 
except with smoke-consumers; hence the 
demand for the cleaner anthracite. 

This market in New York means, of 
course, that the near-by storage facilities 
must be enormous. The large railway 
and coal-mining companies all have their 
tidewater plants where the coal is stored 
for ultimate delivery in New York. The 
Philadelphia & Reading, the Central of 
New Jersey, the Lehigh Valley, the Lack- 
awanna, the Delaware & Hudson—all of 
the so-called anthracite roads, dump 
their trainloads of coal at these plants 
every day in the year. Not only along 
the Hudson river and on the shores of 
New York bay, but down the New Jersey 
coast and in the suburbs several miles in- 
land, the “pockets” and the conical un- 
covered piles of coal are to be seen from 
train windows. 

Taking in its facilities everywhere, one 
company, it is estimated, has a storage 
capacity of 2,000,000 tons. Four hundred 
and eighty thousand tons can be stored dy 
the Philadelphia & Reading Coal and Iron 
Company at Abrams, Penn. The Lehigh 
Valley plant’s capacity at Ransom, Penn., 
in one continuous pile, is put down at 
283,000. hundred and_ seventy 
thousand tons can be kept at South Plain- 
field, N. J., without the plant being over- 
taxed. At Abrams the tonnage is divided 


Three 


into eight huge piles, each with a capacity 
of 60,000 tons. By means of the modern 
machinery it is possible to stock 14,400 
tons in a day of 10 hours. The coal can 
be reloaded into cars at the rate of 10,000 
tons a day. 
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An immense slanting truss with a chain 
conveyer, constituting what is known as 
a “trimmer,” is a conspicuous feature of 
an outdoor coal-storage plant. By the 
conveyer coai is delivered, to begin with 
upon the ground, and then at the ascend- 
ing apex of the pile. Gradually the mass 
of coal grows higher and higher, forming 
a bulky cone against the sky line. The 
movable trough bottom of the conveyer 
makes it easy to change the point at which 
the load is emptied. This discharge point 
is kept a little in advance of the apex of 
the cone, so that a gentle fall is effected, 
and breakage is reduced to a minimum. 
In a reloading conveyer, often running in 
a tunnel beneath the level of the pile, the 
coal is carried to the reloading tower. 
There it is screened before being chuted 
into the cars for shipment. The mechan- 
ism through which the coal is scnt into 
the reloading capable of 
reaching any part of the entire storage 


conveyer is 


area. 

The screening and resizing of coal that 
is being taken out of storage is an import- 
ant feature. Inevitably some breakage, 
even if it be little, must take place during 
the coal’s through the plant. 
After the small pieces are separated from 
the other coal, a large percentage of the 
so-called screenings can be saved by resiz- 
ing. When this is carried out in a sys- 
tematic manner, as it is in the modern 
anthracite storage plant, the resulting 
economy is not to be despised. 

Elaborate provisions have to be made 
for “melting out” anthracite during cold 
snaps. If snow falls and melts, and then 
the mercury drops below the freezing 
point, the limit of bad conditions has been 
reached. The coal, either in a car or on 
the pile on the ground, becomes a solid 
mass, which is more like rock than coal, 
Extra forces of laborers must be em- 
ployed to attack the frozen mass with 
picks, and steam must be applied to 
loosen the great lumps. When New York 
was in the grip of its worst cold spell last 
winter the superintendent of one of the 
big coal docks on the New Jersey shore 
said that he had to employ just twice as 
many workmen as ordinarily. Here the 
cars that come direct from the mines un- 
load their coal into the scows of New 
York dealers, and a big surplus is also 
kept in bins under the tracks. The coal 
in both the cars and in the bins was 
frozen. 

A boiler plant to supply steam for melt- 
ing purposes solely was built at this dock 
some time ago. It is used for only a few 
days each year, that is, when the coal 
freezes. When that time comes, the 
steam is sent over the company’s docks 
and yards in pipes. The men stick the 
pipes down into the coal and in this way 
warm the coal into such a condition that it 
can be moved through chutes. At best, 
it is very slow work, and the superintend- 
ent breathes a sigh of relief when warm 
weather returns. 
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the Large Gas Engine 


Changes in Design Due to the Advent of the Two-stroke-cycle Type; 
Principal Constructive and Operative Features Now Prevailing 





B Y 


Prior to the Dusseldorf exhibition in 
1892 most of the makers who were then 
building gas engines of over 500 horse- 
power were content to use the ordinary 
trunk-piston single-acting Otto-cycle ar- 
rangement, and to obtain increased power 
by multiplying the number of cylinders, 
either by putting two vis-a-vis, or by put- 
ting two side by side, or by combining 
both these methods and using four cylin- 
ders, and quite a number of these engines 
working up to 1000 or 1200 horse-power 
were built by the Deutz company and the 
Niirnberg company. 

However, the advent of the two-stroke- 
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cycle engine and the publicity given to the 
Oechelhauset and Korting types at Diis- 
seldorf caused the makers of Otto-cycle 
engines to consider some means of in- 
creasing the capacity and improving the 
turning moment of their designs without 
having to use the vis-a-vis arrangement. 
This led to the revival of the use of cylin- 
ders with both ends closed in, so that 
while the Otto cycle was retained, the 
engine could be made double-acting. This 
necessitated that pistons should be used 
instead of plungers, and that the pistons 
and piston-rods should be water-cooled, 
which change led to so many _ other 
alterations in design that when the 
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Deutz, Nurnberg and Cockerill companies 
adopted double-acting Otto-cycle engines 
they practically remodeled their engines. 
At present the three cycles that are 
most used in practice are the Otto cycle, 
with single- or double-acting cylinders, 
the Korting two-stroke-cycle, and the 
Oechelhauser, which, while usually classed 
as a two-stroke cycle, really occupies 
an intermediate position between the 
Otto and Ko6rting systems. These engines 
will be referred to separately later on. 
Although the leading makers of large 
gas engines, both on the Continent and in 
America, have adopted double - acting 
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cylinders, there are certain conveniences 
inherent in open-ended cylinders and 
plungers which have induced several well- 
known firms in this country to retain this 
arrangement. At the Dublin Exhibition 
last year the National Gas Engine Com- 
pany exhibited a twin single-acting Otto- 
cycle engine which gave 350 brake horse- 
power when running at 150 revolutions 
per minute. The two cylinders were 22 
inches in diameter and 32 inches stroke. 
Neither the pistons nor the exhaust valves 
were water-cooled, and the absence of 
water-cooling to these moving parts ma- 
terially simplifies the construction of the 
engine, but it is found in practice that a 
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24-inch cylinder with a trunk piston is 
about the largest size that can be safely 
run without cooling the piston and the 
exhaust valve, and this particular form 
of construction is limited by this fact. 


CYLINDER CONSTRUCTION 


The two chief arguments in favor of 
open-ended cylinders with trunk pistons 
are the facility for rapid examinations 
and cleaning, and the feasibility of con- 
structing the cylinder with a liner which 
is free to expand lengthwise without put 
ting an undue strain upon the outer 
casing. 
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FIG. 3 


In double-acting cylinders with closed 
ends it is very difficult to make provision 
of this kind. Theoretically, the inner 
tube forming the cylinder proper should 
simply be strong enough to resist the 
bursting strain due to the explosion of 
the charge, and be free to expand length 
wise, the axial strains being taken up by 
the cylinder cover and the frame; but 
this is difficult to arrange for, and many 
makers meet the case by simply making 
the ends of larger diameter, and leaving 4 
very liberal water space between the inne! 
lining and the outer casing. 

A section of a cylinder of the kind used 
by the Deutz Gasmotoren Fabrik is show! 
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in Fig. 1, while Figs. 2 and 3 show cross- 
sections of the same cylinder, and illus- 
trate the valve-gear. The connections be- 
tween the inner portions of the cylinder 
and the outer jacket are made at the two 
ends, and by the inlet and exhaust ports 
and ribs in the center of the cylinder. The 
longitudinal section, Fig. 4, shows how 
the water-cooled cylinder-heads are bolted 
to the two ends of the barrel. 

This type of cylinder requires consider- 
able skill in design and construction, but 
it is now successfully used by many of 
the leading makers. 

Various experiments have been made 
to ascertain the actual temperature in 
various parts of the cylinder walls, and 
the figures given in Fig. 4, taken from 
Haeder’s book, “Die Gas Motoren,” are 
supposed to tell what occurs in practice; 
but the matter is not an easy one to in- 
vestigate. 

With the cylinder jacket and inner tube 
cast in one with the two ends, the most 
frequent breakages occur at the points A, 
B and C, Fig. 5. The weakness at A can 
be got over by rounding the corners to a 
extent, that at C is due 
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to 
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strain of the cylinder-head bolts more 
than to expansion, and breakage at B 
can be guarded against to some extent by 
making the outer casing thicker and 
stronger than the inner tube, which is 
done with the Deutz cylinder, Fig. 1. 
Where this type of cylinder is adopted, 
a sufficient number of inspection and 
hand-holes must be provided in the outer 
casing for examination and cleaning out 
of the water space, and arrangements 
should be made so that this can be flushed 
out with a hose-pipe. 

It is desirable that the interior of the 
cylinder should be smooth, and free from 
holes or small projections, both of which 
are likely to cause pre-ignitions ; and care 
should be taken to plug up the indicator 
holes when they are not in use. 

The cylinder is undoubtedly the most 
dificult part of a large gas engine to deal 
with, particularly in the double-acting 
type. It is of little use trying to avoid 
breakage by simply increasing the thick- 
ness of the metal, or by the employment 


f cast steel instead of iron. The nature 
the internal stresses that are set up 
iring working has to be studied and 


precautions taken accordingly. 
Next to the cylinder itself, the cylinder- 
ads are the parts of a large engine 
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that are likely to give the most trouble. 
The form of head now used in the 
double-acting engine has become pretty 
well standardized, and consists of a hol- 
low water-cooled casting extending into 
the cylinder to about the middle of the 
port openings, the head having the stuf- 
fing-box sunk into it, so that the packing 
is also cooled by the circulating water. 
The heads are bolted by flanges to the 
barrel ends, which are at the exterior 
bolted to the frames, and in this way con- 
nected to the main bearings. This ar- 
rangement can be clearly seen in Fig. 1. 
As the majority of large engines have 
the inlet and gas valves on the top of the 
cylinder, and the exhaust valves below, it 
becomes necessary to provide a pit under- 
neath each cylinder, to give convenient 
access to the exhaust valve, and this has 
led to the practice of suspending the 
cylinders entirely by the ends. Thus, in a 
tandem engine, the front cylinder is 
bolted at one end to the frame carrying 
the main bearings, while the back end is 


‘supported by an intermediate piece, hav- 


ing feet on it, which intermediate piece 
also supports the front end of the rear 
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cylinder, the back end of which is sup- 
ported by the foundation. 


CooLinG 

The necessity of water-cooling the pis- 
tons and piston-rods in engines of the 
double-acting type using closed cylinders 
complicates and renders more expensive 
these portions of the gas engine com- 
pared with an ordinary steam engine. The 
cooling water can be led to the piston 
through an arrangement of sliding tubes, 
commonly known as the “trombone” sys- 
tem; or it can be led in at the cross- 
head or intermediate slipper-block by 
means of hollow swinging links, the water 
entering, say, at the front end of the rod, 
passing through the piston, and being dis- 
charged at the other end, or vice-versa. 
Where there is no tail-rod it is necessary 
to put an inner tube in the piston-rod to 
convey the cold water to the piston, while 
the discharge water passes back through 
the annular passage formed between the 
inner tube and the wall of the rod; but 
as most of the large engines have tail- 
rods, the usual practice is to bore the rod 
through nearly to the center of the pis- 
ton, and put a diverting duct into the 
piston, so that before it emerges it has 
come into intimate contact with all the 
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A section of the Deutz 
standard design of water-cooled piston is 
shown in Fig. 1. 

Where the water supply is introduced 
to the piston-rod by means of swinging 
links a good deal of trouble may be ex- 
perienced at the articulated joints, and 


interior surface. 


care should be taken to make the 
sages and connections with as easy bends 
In some cases the author has 
found considerable benefit by introducing 
air chambers on the supply system near 
the connections. Where the 
water passes right through the rods, the 
discharge can be effected by simply bend- 
ing the pipe down at the outlet end and 
allowing the water to pass away under- 
neath the surface of the guide; and this 
has the advantage that it enables the 
attendant to see at once if the supply is 
interrupted. 

Most makers prefer that the cooling 
water in the piston should be kept a few 


pas 


as possible. 


crosshead 


degrees lower than the water in the jacket 
About 2% gallons of cooling 
water per hour per brake horse-power 
are required for cooling the pistons in a 


or heads. 


tandem engine of, say, 750 horse-power, 
having cylinders 28 inches in diameter. 
\s is the case with the interior of the 
cylinder, it is desirable that the exterior 
of the should be smooth and 
symmetrical, and have neither projections 


piston 


nor cavities to cause pre-ignitions. 

The rate at which the heat is conducted 
away by the water in the jacket and heads 
settles down after a little time to a steady 
relation to the work that is being done 
in the cylinders, and if, therefore, a heavy 
overload is put on an engine, the cooling 
effect should be correspondingly in- 
creased; and, on the other hand, if the 
load is suddenly thrown off the engine, the 
cooling water should be correspondingly 
checked, otherwise the cylinder may be 
strained by being suddenly cooled in the 
inverse way to what it may be strained by 
being suddenly heated. 

In the 
where 


author knows of in 
large gas engines are 
used for driving rolling mills, the makers 
arrange to turn a little steam into the 
cooling water while the engine is running 
light between the passes of the rolls. 

Various automatic devices have been 
introduced to indicate the failure of the 
water supply, but they are apt to have too 
much reliance placed upon them, and the 
simplest way is to bring all the discharge- 
water pipes to one spot, where they can 
be readily seen by the attendant. 


one case 


Germany, 


PISTON-RODS 


Nickel steel is usually used for piston- 
rods, and while some makers are content 
to have a plain and straight through rod 
of sufficiently large diameter to take most 
of the weight of the piston, other makers 
turn the rods in a cambered form, so that 
in actual work the rod becomes straight 
when it has got the weighted piston upon 
it, and the piston floats in the cylinder 
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with only the spring of the rings pressing 
against the walls. 

Considerable difference of opinion ex- 
ists as to whether it is necessary to cam- 
ber the rod. Special turning-lathes are 
built for this purpose, and the extra ex- 
pense is not very great. However, in 
any case, whether the rod is cambered or 
left straight, it should certainly be in one 
piece between the two crossheads. 


CRANK-SHAFTS 


The modern practice with regard to 
the crank-shafts in Germany is to con- 
struct them on the built-up principle, and 
either make the crank-webs a solid forg- 
ing with the counterweight, as is done by 
Haniel and Lueg, or to cast the webs and 
the counterweights together in the form 
of a disk of cast steel. Where the coun- 
terweights are put on separately, it is not 
enough to trust to studs let into the 
crank-webs and bolted through holes in 
the counterweights, but some form of 
interlocking key should also be used. 

Alternative methods of effecting this are 
shown in Figs. 6 to 9, the last design 
being due to Mr. Stead, of the British 
Westinghouse Company. 

Nickel steel for bolts and studs of this 
kind seems to have the property of resist- 
ing the repeated changes of stress better 
than any other material, and about 3 per 
cent. of nickel seems the best proportion. 
The author’s experience with high-class 
iron has not been at all satisfactory in 
this respect; but whatever material is 
used, it is advisable frequently to examine 
the bolts holding the connecting-rod, and 
the coupling-bolts and those in the fly- 
wheel, and, even if they seem all right, 
to change them after a year or so con- 
tinuous running. 


STUFFING-BOXES 


A few years ago the construction of 
satisfactory metallic stuffing-boxes was a 
very difficult point in gas-engine design. 
However, this has now been got over. 
Fig. 10 shows a form of packing which 
the author has used with very satisfac- 
tory results, and which is copied from 
the German practice. 

It will be seen that it consists of a 
number of cast-iron rings which are free 
to work independently in a number of 
L-shaped cells. These are held in posi- 
tion by an independent gland, so that no 
end pressure comes on the rings to pre- 
vent them freely springing in and out. 
These cast-iron rings are placed near the 
cylinder, and at the other end a series of 
V-shaped rings of brass or soft metal 
held up by spiral springs are farther em- 
ployed to prevent any gas leaking out. 
The stuffing-boxes are generally water- 
cooled by being sunk in the cylinder- 
heads, and suitable lubrication is provided 
by means of an oil ring somewhere about 
the center. 


VALVES AND VALVE-GEAR 
It has been found from experience that 
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plain mitered valves opening inward are 
the most desirable forms for both inlet 
and exhaust valves. The inlet valves are 
usually cooled sufficiently by the passage 
of the incoming air and gas, but the ex- 
haust valves above a certain size have to 
be water-cooled, both in themselves and 
in their seats. The mixing valves do not 
require water-cooling, and, while gener- 
ally made annular, are in one or two in- 
stances made in grid form—notably, on 
the “Premier” engines. 

Motion is imparted to the valves either 
by cams or eccentrics, eccentrics giving a 
smoother motion and being less liable to 
wear than cams; but to give the neces- 
sary “dwell” to the valves the eccentric- 
rods are usually connected to wiper or 
rolling cam levers, which impart move- 
ment to other curved levers acting on the 
valves themselves. 

The exhaust valves of large four- 
stroke-cycle gas engines have always pre- 
sented considerable difficulties to the de- 
signer. They are usually placed on the 
under side of the cylinder, and become 
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difficult to get at. To obviate this, Rein- 
hardt, in the Schuchtermann and Kre- 
mer engines, put the exhaust valves at the 
side of the cylinder, while retaining the 
inlet valve above; but in the new four- 
stroke-cycle Ko6rting engines the inlet 
valve is also placed at the side, just over 
the exhaust valves; and in the engines 
built by Messrs. Krupp for their own 
works the exhaust valves were placed at 
the top of the cylinder alongside the inlet 
valves. 

In the majority of large gas engines, 
the exhaust valve has to be water-cooled, 
and more or less complicated connections 
have to be made both to the head of the 
valve and to the seating. 

Instead of using flexible connections to 
the moving valve-stem, in some of the 
recent engines built by Messrs. Luther, 
of Brunswick, the spiral springs which 
serve to close the valve are made of 
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phosphor bronze, and serve as a water 
connection at the same time. The power 
required to actuate the exhaust valve de- 
pends not only on the opposition of the 
closing spring, but upon the pressure ex- 
erted upon the upper face of the valve 
at the instant of opening, and that natur- 
ally depends upon how far the expansion 
is carried in the cylinder. With a view 
to diminish the work of opening the ex- 
haust, Messrs. Crossley use a horizontal 
valve which is nearly in equilibrium when 
it is shut. Fig. 11 will make this con- 
struction clear, and also shows the ar- 
rangement for introducing the cooling 
water. 


IGNITION 


It need hardly be said that the details 
of the ignition gear form a very im- 
portant feature in gas engines, and it is 
somewhat curious that at the present day 
there should be a general reversion to 
much the same electrical devices as were 
used by Lenoir and others half a century 
ago. Without describing the various sys- 
tems of flame ignition and the hot tube, 
which may be regarded as stepping-stones 
to the modern arrangements, it is enough 
to say that at present there are prac- 
tically two types of electric ignition used 
on large gas engines: those commonly 
known as the “make-and-break” and the 
“jump-spark” systems. 

For ordinary speeds up to 150 revolu 
tions per minute the author has always 
found the ordinary low-tension make- 
and-break system satisfactory. 

A good deal of attention has been given 
on the Continent to the best position to 
place the plugs to fire the charge quickly 
and completely. In some cases three 
plugs are placed at equal distances around 
the end of the cylinder, but the most gen 
eral plan seems to be to place them on 
opposite sides. 


LUBRICATION 


Naturally the efficient lubrication of 
gas-engine cylinders is a very important 
point, as too much oil is objectionable 
and wasteful, and too little is dangerous 
In most of the horizontal engines built 
on the Continent the lubrication is 
effected entirely by the well-known screw 
down Mollerup lubricators, consisting of 
a cylinder filled with oil, which is very 
gradually forced out at every stroke by 
means of a ratchet arrangement acting 
through some reduction gearing. 

In some cases cheap oils have been 
used, but the cheapness in price has been 
more than counterbalanced by the extra 
amount that had to be used; and, more- 
over, oil of this class is in many respects 
objectionable. On opening up the in 


terior of large gas engines it is not 
always,easy to tell whether the deposits 
on the interior are due to carbonized oi! 
or to tarry matter in the gas, and it is 
generally advisable to have the deposit 
analyzed to make certain on this point 
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EXHAUST-HEAT BoILERS AND MUFFLERS 


It is not, perhaps, generally recognized 
that a very considerable portion of the 
heat rejected in the exhaust from gas 
engines can be reclaimed and made use of 
by using exhaust-heated steam boilers. 
In gas-producing plants using ammonia 
recovery the combustion has to be 
effected at a comparatively low tempera- 
ture, and to obtain this about 1% pounds 
of low-pressure steam has to be supplied 
to the producers for every pound of fuel 
gasified—that is to say, this amount of 
steam has to be made up from sources 
outside the producer plant; but it has 
been found that if the gas produced is 
used entirely to drive gas engines, the 
heat given off by the exhaust after leav- 
ing the engine will generate all this extra 
steam required, and render the plant in 
this respect self-sustaining. 

Naturally, the more efficient the utiliza- 
tion of heat in the engines the less there 
will be to be utilized outside; but from a 
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where they leave. These auto- 
matically in case of an explosion due to 
accumulation of unburnt charges in the 
exhaust pipes, which cannot always be 
prevented. Great care should be taken 
that the tubes of exhaust boilers are kept 
perfectly tight, as any leakage produces 
a most corrosive effect due to the forma- 
tion of carbonic and sulphurous acids; 
and for the same reason the boilers 
should not be made too long, because the 
gases may be cooled down too low before 
leaving, and produce the same effect. A 
tubular boiler of this kind also acts as a 
most effective muffler, but where the 
steam is not required and there is no 
advantage in using a boiler, some modi- 
fication of the old pot muffler may be 
employed. A very, good arrangement is 
shown in Fig. 13, the upper part of the 
chamber being filled fairly large 
Small granite boulders appear to 
withstand the action of the heat best. 
Where the exhaust is very troublesome, 


open 


with 


stones. 


























series of experiments the author has made 
yn various types and sizes of boiler :t 
seems safe to reckon on the evaporation 
of between 2 and 3 pounds of water 
in the form of steam at a pressure of 
70 pounds for every brake horse-power- 
hour developed in the engine, reckoning 
the engine to take about 70 cubic feet 
per brake horse-power-hour of producer 
gas of about 140 B.t.u. per cubic foot. 
As the producer only uses 1% pounds of 
low-pressure steam per hour per brake 
horse-power with an efficient engine, it 
is evident that on a plant of any magni- 
tude there is enough steam generated to 
supply the producers, and there may be a 
considerable surplus. 

Various types of boilers have been 
recommended as being peculiarly suitable 
for utilizing the exhaust gases, but there 

ems nothing better than a boiler of the 

dinary fire-tube type (see Fig. 12). The 
ithor has found it advisable to put 
pring relief valves on the chambers 
here the gases enter the boiler and 









FIG, 14 


as a last resource it may be expanded in 
an underground chamber, which, if large 
will absolutely stop all noise. 
\nother method of silencing is to turn a 
jet of water into the exhaust pipe, the 
pulsations in this case being deadened by 
the cushion of steam which goes off in 
the form of vortex rings. 

Where the cylinder of the gas engine 
is of any magnitude, a considerable vol- 
ume of air has to be sucked in at each 
stroke, and it is customary now to em- 
ploy mufflers on the inlet pipe. The sim- 
ple arrangement of baffle-plates shown in 
Fig. 14 answers very well. Where there 
are several large engines working in one 
house, the inlet pipes are generally led 
outside, so as to obviate unpleasant pulsa- 
tions in the room. 


enough, 


GAS-ENGINE TROUBLES 
A very interesting chapter might be 
written under this head alone. In recent 
years a great many of the difficulties due 
to actual breakdowns from defective de- 
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have been got and _ broken 
cylinders, split pistons, and cracked heads 
may be regarded as comparatively rare 
occurrences; but at the same time there 
are difficulties met with in running which 
seem common to all gas engines, although 
different types of engines have their own 
individual peculiarities. 

In both four-stroke-cycle .and two 
stroke-cycle engines, if the: igniters are 
not working properly, or if they are ad- 
justed to spark at the wrong moments, 
the chances are the charge will not fire, er 
will be imperfectly burned. Non-ignition 
may also arise from the sparking points 
getting dirty from tar or burnt oil, or it 
may be that the plug or the contact-tongue 
has got damp through the engine standing 
or water leaking into the cylinder, 


sign over, 


How- 
ever, with high-tension ignition like the 





Lodge, there is likely to be less trouble 
from this source than with the low-ten- 
sion make-and-break system. 

Many of the ignition plugs on large 
engines are now arranged so that they 
can be withdrawn for examination while 
the engine is running; but even if this is 
not the case, it generally pays to examine 
the plugs as soon as trouble occurs with 
the ignition, even if the engine has to be 
stopped for a few minutes. An occa- 
sional misfire will probably only have the 
effect of making a momentary drop in the 
speed; but if the circuit supplying the 
igniters gets damaged, the engine may 
continue to run and pump out into the ex- 
haust a number of unburnt charges. This, 
of course, is more liable to occur where 
the current is supplied from some outside 
source through a commutator arrange- 
ment than where each indi:.idual plug has 
its Own separate magneto. As long as 
the exhaust is sufficiently hot to fire these 
unburnt charges as fast as they come 
through, the result is generally more un- 





496 
pleasant than dangerous, although the 
noise is very startling. 

On a_ four-stroke-cycle engine, the 
charge of mixture is almost always burnt 
in the presence of an excess of air, and 
there is very little likelihood of unburnt 
gas getting into the exhaust, except 
through a misfire, or from the exhaust 
valve getting accidentally stuck. An occa- 
sional misfire will do no harm, but a 
series of unburnt charges may accumulate 
in the exhaust passages, and if from any 
reason they then fire, very serious damage 
may ensue. 

In a two-stroke-cycle engine having no 
exhaust valve, unburnt gas may be con- 
tinually escaping through the exhaust, but 


this can only occur if the pump-gear is, 


improperly set, and can be easily detected 
by analysis of the exhaust gases. 

The liability to back-firing has been 
much reduced, owing to the now almost 
universal practice of leading the air and 
gas right up to the mixing chamber by 
separate passages, so that if a back-fire 
does take place through the inlet valve 
sticking open, it cannot penetrate the 
solid body of gas in the gas-supply pipe, 
and will expend its force in simply blow- 
ing back through the intake muffler. 

Gas bags are never used in engines of 
large size, and should be used under close 
supervision in small ones, as they are 
very liable to get air leaks in them, and 
the author has seen an instance in which, 
with a comparatively small-sized cylinder, 
a very violent explosion took place 
through firing back into a large gas bag. 

The third prominent source of trouble, 
viz, premature ignition or firing of the 
charge in the early portion of the com- 
pression stroke, may apparently be due 
to several causes, and it is not always 
easy to determine off-hand what makes it 
happen. The amount of compression de- 
sirable to use is generally determined by 
the makers of the engines when consider- 
ing the quality of the gas they have got 
to deal with, and it is an extremely rare 
occurrence that the charge is ignited pre- 
maturely simply from the heat of com- 
pression, but a failure of the oil supply 
to the cylinder, or of the water supply to 
the piston, the jacket or the cylinder-head, 
may result in the cylinder getting so hot 
that the charge is fired automatically. 
However, this can be easily proved by 
throwing the igniters out, and seeing 
whether the charges continue to fire. 

Most gas-engine makers allow on gen- 
eral principle that it is desirable to avoid 
any pockets or cavities which would re- 
tain burning gas and act as firing tubes, 
and the interiors of the cylinders and the 
exteriors of the pistons .are, in conse- 
quence, made as smooth and symmetrical 
as possible; and where indicator tubes are 
fitted, arrangements should be made to 
plug them up as much as possible flush 
with the walls of the cylinder when not 
in use. It is also held that projecting 
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pieces of metal of small section, such as 
set-screws, small bolt-heads, and nuts, 
should be avoided where possible, as 
being likely to retain sufficient heat to 
act as a permanently glowing source of 
ignition. However, it is very difficult to 
speak very positively about this matter. 
The author knows-of some large engines 
in which the construction of the cylinders 
nd pistons departs very much from this 
practice, and yet give no trouble from pre- 
ignition. It seems very probable that this 
may depend to some extent on how far 
the cylinder is scavenged at the end of 
the stroke. 

Premature ignitions through accumula- 
tions of carbonized oil or tar may occur 
sometimes from the nature of the oil or 
from deposits of burnt tar; periodical ex- 
amination of the cylinders will reveal if 
this is likely to be taking place. In en- 
gines of the two-stroke-cycle Korting 
type, where the explosion occurs on one 
side of the piston simultaneously with the 
compression of the mixture on the other, 
if the piston is badly worn, or the rings 
are defective, it is just possible the charge 
may be fired across the body of the pis- 
ton. It is contended that the 
cooling surface of the long. piston would 
put this out, or that the flame would be 
diverted down the exhaust ports and 
never reach the charge. However, the 
author’s own experience is that under cer- 
tain conditions this may take place, 
although it must be admitted that the 
cylinder or piston must have got in a 
very bad condition before it is likely to 
happen. A gas engine may be pre-ignit- 
ing badly and give very little external 
signs of it except by fluctuations of the 
load and heavy knocking if the bearings 
are slack, but at the same time it may 
be exposing the engine to heavy strains 
which it is difficult to calculate for in the 
construction. 


always 


Wide variations in the quality of the 
gas are objectionable, but these can be 
very simply checked by any of the gas 
calorimeters that are now on the market, 
and can generally be compensated for by 
varying the proportions of the mixture. 

Leaky pistons and exhaust valves can 
be usually detected by the presence of 
steam in the exhaust, and should be put 
right, of course. 

Although the large gas engine has de- 
veloped in a phenomenal way during the 
past ten years, much remains to be inves- 
tigated from the theoretical side, while 
no finality has yet been reached from the 
point of view of the builder; but even in 
its present condition the large gas engine 
has attained a sufficient degree of perfec- 
tion to recommend itself, not only to the 
manufacturer who wishes to cut his coal 
bill in half, but to the political economist 


on the broader ground that any prime 
mover which will tend to prolong the life 
of the coalfields is a machine which will 
be of great service to the country. 
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The foregoing is an abstract of a paper 
recently read before the Manchester 
(England) Association of Engineers, for 
which we are indebted to Engineering, of 
London. 





Test of a Live-steam Feed-water 
Heater * 


The authors of this paper have long 
wished for an opportunity of making an 
exhaustive test of the efficiency of a live- 
feed-water heater. Many of the 
tests which been made appear to 
show that some economy results from the 
use of such heaters, but it is very difficult 
to see the reason why economy results 
from taking live steam from a boiler and 
returning it immediately afterward when 
mixed with the feed-water. In general, 
the percentage of saving claimed is not 
great, and it is evident that in order to 
get a really reliable comparison of the 
efficiency of a boiler with and without a 
live-steam feed-water heater, extreme care 
must be exercised in making the tests, 
and moreover, the conditions under which 
the plant is working during the compara- 
tive tests must be uniform. Such an op- 
portunity presented itself at some works 
in Leeds, where the conditions for test- 
ing are quite ideal, since the output of the 
boiler is as nearly constant as it is pos- 
sible to be, owing to the fact that the 
work on the engine does not appreciably 
vary from day to day. The engineer of 
the works was as anxious as were the 
authors to secure accuracy, and therefore 
spared no trouble in making the prelimi- 
nary preparations. 


steam 
have 


DESCRIPTION OF PLANT 

The boiler under test was of the “dry- 
back” type made by Davey, Paxman & 
Co., Chelmsford, the dimensions being 
given in the tabular report of the test. 

The feed-water is supplied by means of 
a force-pump driven from the crosshead 
of the main engine; on its way to the 
boiler it passes through a filter for re- 
moving oil, and thence (when in use) 
through a live-steam feed-water heater. 
The feed-water enters at the top of the 
heater, and is sprayed into a chamber sup- 
plied with live steam from the boiler. The 
water falling in a spray through the live 
steam attains a temperature nearly equal 
to that of the live steam, and, collecting 
at the bottom of the heater, flows by grav 
ity through a non-return valve into the 
boiler. Cocks are fitted to the heater fo! 
the discharge of air which collects in the 
heater. A small quantity of steam escapes 
with the discharge of the air, but this 
quantity was not measured, being prac 
tically negligible. The boiler is fitted wit! 
an induced-draft fan of the ordinary typ« 
placed at the base of the chimney. 

*By Prof. John Goodman and D. R 


Maclachlan. Read before the Institution of 
Mechanical Engineers, February 21. 1908. 
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METHOD oF TESTING 


The boiler was thoroughly overhauled 
and cleaned just before these tests were 
made; it was perfectly steam-tight, and 
was in excellent condition. During the 
week previous to these tests it had been 
“off for cleaning purposes, and was put 
under steam on Sunday morning, June 30, 
1907, and thereafter kept up to its full 
working capacity. The tests were made 
on the following Thursday and Friday; 


ON THE 


DIRECTION 


TRIALS OF 
OF PROF. 


REPORT 


GENERAL DESCRIPTION AND DIMENSIONS. 


Type of Boiler.—Dry-back, tubular, made by 


Davey, Paxman and Co 

Test made at an output of 5000 lb. of steam 
per hour. 

Object of the Trial.—To determine the efficiency 
of a live-steam feed-water heater. 


Ref. General Description of Boiler and 
No. ueading Dimensions. 


1 Dry-back return-tube boiler. 

Diameter, 8 feet. 

Length, 14 feet. 

Number of tubes, 60. 

Diameter of tubes, 3 inches. 

Two furnaces, 2 feet 6 inches diameter, 6 feet 
long. 

Course of flue gases.— Through the flue tubes, 
back through the return tubes, and thence 
along the sides of the boiler. 

2 Method of starting and stopping the test.— 

See body of paper. 

Method of stoking and average thickness of 
fire.—Hand-firing by same stoker in both 
tests; about 7 inches. 


i) 


4 Production of draft.—By chimney assisted by 

an induced-draft fan at base of chimney. 
5 Chimney hight.—102 feet. Area at bottom 

19.6 sq. feet; top 12.6 sq. feet. 
6 Total grate surface (excluding 

dead plate) ‘ sq. ft. 30 
7 Grate area occupied by air space 

between bars ‘ sq. ft. 8.75 
8 Total effective heating surface 

(tubes 660 sq. feet) é . sq. ft. 942 

total 

9 Capacity of water space at 6 

inches in gage glass . . . cu. ft. 362 
10 Capacity of steam space at 6 

inches in gage glass . . cu. ft. 175 
11 Area of water suriace in boiler at 6 

inches in gage glass. . . sq. ft. 102 


DATA DEDUCED FROM OBSERVATIONS. 


Abstract of 


Observations. 
Particulars of Observations. : 
With- 
With out 
heater. heat- 
er. 
12 Duration of trial from 8 A.M. to 
8 p. M., hours . 12 12 
FUEL. 
13 Short description—Wombwell 
Main steam coal— - ms 

14 Fired per hour . . bb 582 573 

— er hour (dry) lb. 572 563 
- ysis by weight of dried 
fuel — 

15 Carbon per cent. 78.58 
Hydrogen percent. 5.11 
Sulphur per cent. 2.01 
Ash percent. 5.52 


matters 


Oxygen and other ia 
percent. 8.78 


16 Moisture in fuel as fired, perlb. 0.018 
17 Calorific value of dried fuel 
(‘‘lower’’ value) B.t.u. per 
Ib. et at eer ee 14,400 


thus the brickwork setting and the whole 
plant were thoroughly heated up and in 
normal working condition. It is well 
known that many boiler trials are rendered 
useless and misleading through unsuitable 
lays being chosen for the tests; generally 
speaking, the first three days of the week 
should be avoided, if the boiler has not 
been under full steam over the week-end. 
The fact that the temperature of the 
ues was almost identical on the two days 
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of the test, is in itself a proof that the 
brickwork was in a similar state as re- 
gards temperature on the two days. The 
flue-gas temperature actually rose very 
slightly during the trials, but this was due 
to the fact that the work @one during the 
night—Io p.m. to 6 p.m.—was somewhat 
lighter than during the tests. The brick 
setting was in excellent condition as re- 
All 


the 


gards being air-tight. not 


were 


pipes 


actually required during test 


TUBULAR BOILER WORKING AT LEEDS. 
GOODMAN AND D. R. 


18 Carbon value per lb. of dried 
uel - « percent. 


ASH AND CLINKER. 


19 Total per hour, lb., 

out heater, 39.1. 

20 Carbonaceous matter in ash per hour, lb., 

with heater, 4.5; without heater, 5.1. 

Per cent. of total fuel fired, with heater, 
0.77; without heater, 0.89. 


FLUE GASES, 


99 


with heater, 42.5; with- 


o 


Analysis of dry flue gases— 

Carbonic acid, per cent., with heater, by 
volume, 6.9; without he ater, by volume, 
6.8; with heater, by weight, 10.26; with- 
out ‘heater, by weight, 10.11. 

Carbonic oxide, per cent., none. 

Oxygen, per cent., with ‘heater, by volume, 
12.5; without heater, by volume, 12.9; 
with heater, by weight, 13.51; without 
heater, by weight, 13.95. 

Nitrogen (by difference) per cent., 
er, by volume, 80.6; without heater, by 
volume, 80.3; with heater, by weight, 
76.23; without heater, by weight, 75.94. 

Average —.. leaving boiler flues, 
° Fahr., with heater, 488; without heater, 


to 
_ 


with heat- 


482 
Mean specific heat of products of combustion, 


with heater .246: without | eater, 
0.246 
AIR AND DRAFT. 
24 Temperature of air in boiler house, ° Fahr., 
with heater, 86; without heater, 82. : 
25 Barometric pressure in. of mercury, with 


heater, 29.44; without heater, 29:60 

Pressure in smoke-box at front end of return 
tubes, in. of water, with heater, 0.92; 
without heater, 0.94. 

27 Pressure over fire in. of water, not taken. 

Draft at gas exit from boiler, in. of water, with 
heater, 1.30; without heater, Ss 

29 Draft at’ base of chimney, in. of water, with 
heater, 0.7; without heater, 0.7. 

Weight of steam per hour used in producing 
draft, lb., none. 


wo 
Oo 


FEED-WATER. 

31 From pump, lb., with heater, 
out heater, 5016. 

Temperature of feed to boiler (before heater) 

° Fahr., with heater, 126.8; without 

heater, 124.8. Temperature of feed to 


5078; with- 


boiler (after heater), ° Fahr., with heater, 
325; without heater, “. 
STEAM. 
33 Gage pressure, lb. per sq.in., with heater, 


98.7; without heater, 97.2. 
34 Absolute pressure, |b. per sq. in. 

113.1; without heater, E 
35 Total moisture in steam, per lb., with heater, 
36 


, With heater, 
oe 


without heater, not determined. 
Temperature of saturation. Fahr., 
heater, 337; without heater, 336 


with 


Leakage occurred at the blow-off cock at¥the 
rate of 27 pounds per hour, which has been 
deducted from the total feed for net evaporation. 


“blanked,” in order to prevent any error 
due to leakage. 


WATER 

The water was measured in two stan- 
dard tanks, each holding 1250 pounds, be- 
longing to the engineering laboratory of 
Leeds University; the tanks were fitted 
with floats and accurately engraved brass 
scales. The level in the boiler gage glass 
was taken with the other observations, and 
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care was taken to see that it was the 


same 
at the beginning and end of each trial. 
There was a slight leakage amounting to 
27 pounds of water per hour from the 
blow-off cock, which has been allowed for. 
The drippings from the feed-pump gland 


were 


tank. 


caught and returned to the feed- 


CoaL MEASUREMENTS 


In order to insure the greatest possible 
accuracy in the coal measurements and 


MADE ON JULY 4-5, 


UNIVERSITY OF 


1907, UNDER 


LEEDS. 


THE 


HEAT ACCOUNT AND DEDUCTIONS. 


Heat Account (per lb. of dried fuel). 

37 Total heat value of 1 pound of dried fuel 

(lower value), B.t.u., 14,400; per cent., 
100.0. 

3 Heat transferred to the water (THERMAL 
EFFICIENCY), with heater, 9,624 B.t.u.; 
without heater, 9,682; with heater, 66.84 
per cent.; without heater, 67.24 per cent. 

Heat carrted away by products of combustion, 
with heater, 1,234 B.t.u.; without heater, 
1,228; per cent., with heater, 8.56; with- 
out heater, 8.53. 

— carried away by excess air, with heater, 

,580 B.t.u. ; without heater, 1,610; per 


4( 


a with heater, 10 99; without heater, 
ai. 18. 

41 Heat lost in evaporating and in superheating 
moisture mixed with fuel, with heater, 
22 B.t.u.; without heater, 22; per cent., 
with heater, 0.15; without heater, 0.15. 

42 Heat lost by incomplete combustion 

43 Heat lost by unburnt carbon in ash, with 
heater, 114 B.t.u,; without heater, 132; 
per cent., with heater, 0.79; without heat- 
er, 0.91. 

44 Balance of Heat Account, Errors of observa- 
tion, and unmeasured losses, such as 
those due to radiation, escape of unburnt 
hydrocarbons, superheating moisture in 
air, loss in hot ashes, etc., with heater, 
1,826 B.t.u.; without heater, 1,726; per 
cent., with heater, 12.67; without heater, 
11.99. 

Total of lines 38 to 44 equal to line 37, with 
heaters, 14,400 B.t.u.; without heaters, 
14,400; per cent., with heaters, 100.0; 
without heaters, 100.0 

PpUCTIONS. With With- 
heater. out 
heater. 

45 Heat transmitted per square 
foot of heating surface per 
hour 3.t.u. 5843 5787 

46 Weight of fuel fired pe r square 
foot of grate per hour Ib. 19.4 19.1 

47 Weight of dried fuel fired per 
sq.ft of grate per hour Ib. 19.1 18.8 

48 Water evaporated per pound 
of fuel as fired. lb. 8.67 8.71 

49 Equivalent evaporation from 
and at 212° Fahr. per 
pound of fuelas fired .Ib. 9.78 9.84 

50 Water evaporated per pound 
of driedfuel . . Ib. 8.83 8.87 

51 Equivalent evaporation from 
and at 212° Fahr. per 
pound of dried fuel . lb. 9.96 10.02 

52 Equivalent evaporation per 
pound of carbon value or 
fuel from and at 212° Fahr. 

Ib. 10.06 10.12 

53 Weight of feed from and at 
212° Fahr. per square foot 
of heating surface per hour 

lb. 6.05 5.99 

54 Velocity of steam across 
water surface, ft. per sec. 0.053 0.053 

55 Air used per pound of dried 
fuel Ib. 27.3 27 .6 

55 Ratio of air used to air theo- 
retically needed . . - 2.54 27 .5 


to be absolutely certain that the coal was 
of the quality both days, the 
‘whole of the coal required for both tests 
was previously weighed up in one-hun- 
dredweight bags, and a numbered brass 
tag was tied to each. On the day of the 
first test, bags bearing “even” numbers 
were taken for the first six hours, and 
those bearing “odd” numbers for the sec- 
ond six hours; the remaining bags were 
used up on the second day. This system 


same on 
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affords an excellent check on the measure- 
ments, and entirely prevents any error 
creeping in due to the variation in the 
quality of the coal. During the test the 
weight of each bag was again checked; 
the average weight on the first day was 
112.7 pounds, and on the second day 112.4 
pounds. The nominal weight used was 
corrected accordingly. 

A source of error common to boiler 
trials is that of estimating the quantity of 
fuel on the grate at the beginning and end 
of the trial. In order to eliminate this, 
in the one the fire and ashes were cleane 
out one hour before the test commenced, 
and the weight of fuel required during that 
hour was measured, and the times of fir- 
ing noted on the log-sheet. The same fire 
was similarly treated one hour before the 


end of the trial. The second fire was 
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All the pressure and temperature read- 
ings were taken at intervals of fifteen 
minutes throughout the twelve hours. The 
flue gases were continuously collected and 
analyzed every half hour in an 
Orsat gear, newly charged for the test. 
‘The temperature of the flue gases was 
taken by a Schaffer & Budenberg pyrom- 
eter, afterward checked in 
the laboratory and was found to read 7 
degrees Fahrenheit too low. All the ther- 
mometers were afterward compared with 
Kew standards, and, where necessary, the 
readings were corrected accordingly. 

Samples of the coal were continuously 
taken during the test, the whole of which 
were afterward ground up in a miil and 
sampled in the usual manner. The coal 
analysis well-known 
analyst, Mr. Mackey, of Leeds ; the calorim- 
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in the charts and tabulated, show that the 
boiler evaporated almost exactly the same 
quantity of water per pound of+coal both 
when the heater was in use and when not 
in use, the results being even slightly bet- 
ter when the boiler was working without 
the heater, the actual increase in efficiency 
being 0.6 per cent. It would be useless 
to pretend to this degree of accuracy in 
any boiler trial, and the difference might 
easily be accounted for by errors of ob- 
servation, notwithstanding the great care 
taken to eliminate all errors, but at the 
same time the authors would point out 
that with the heater in use the actual 
heat-radiation surface was increased by 
that of the heater, and if this be taken 
into account the two tests agree even 
more closely. They are therefore forced 
to the conclusion that the heater has no 
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treated in an exactly similar manner, but 
half an hour before the beginning and end 
of the test. The working of the fires 
before the trial, as regards quantity of 
fuel fired and the times of firing, being 
exactly the same as that before the end 
of the trial insured that the fires were as 
nearly as possible the same at the end 
and at the beginning of the trials, both 
with regard to thickness and composition. 

This method does not interfere with 
constant steaming so much as cleaning out 
both fires at the beginning and end of 
the trial, and is much more accurate than 
estimating the thickness of the fires at the 
beginning and end of the trial. The 


method of stoking has a considerable in- 
fluence on the economy of a steam plant, 
and in order to reduce errors arising from 
different methods the same stoker was 
employed throughout both trials. 
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eter tests were made at the university. 
The fuel used was the Wombwell Main 
steam coal. Samples of the ash and cin- 
ders collected during the test were after- 
ward heated in a boat in a gentle stream 
of oxygen whereby all the combustible 
matter was consumed; the result showed 
that 20 per cent. of the ashes and cin- 
ders was combustible. The clinker was 
separated from the ash by hand-picking. 

The conditions of each test were re- 
markably constant throughout. Theamount 
of coal consumed and the water evapo- 
rated were almost -identically the same on 
both days, and the authors believe it is 
almost impossible to get two tests to agree 
more closely throughout than did these 
under discussion. 


RESULTS OF THE TESTS 
The results of the two tests, as plotted 
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material effect on the economy of the 
boiler, but from all appearances the de- 
posit in the boiler is materially less when 
the heater is in use than when the feed- 
water passes direct to the boiler. 

The authors have assumed that the 
steam was dry and saturated throughout 
the tests, and from the fact that the boiler 
was not forced and the steam was taken 
off quite steadily and at practically the 
same rate on both days, they do not see 
any reason for believing that it was other 
than dry, but whether so or not, it was 
the same on both occasions, and therefore 
the results are strictly comparable. 





A boiler horse-power means the evapo- 
ration of 30 pounds of water from 100 
degrees Fahrenheit to steam at 70 pounds 
gage pressure, or 34.5 pounds of water 
from and at 212 degrees. 
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Practical Letters from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





WE PAY FOR USEFUL 


Academics and the Engineer 


I read with interest the editorials in the 
February 25 number on “Academics and 
the Engineer,” “The Engineer and the 
College Graduate” and “Practice versus 
Theory,” the principal feature of the ar- 
ticles being a comparison of the technical 
eraduate with the practical engineer, as 
regards the qualifications of each for the 
management of modern power plants. I 
wish to discuss the other side of the case. 
By the term “technical graduate,” I judge 
that the editorials refer to young gradu- 
ates, for it is evident that the majority 
of older technical men are o¢cupying bet- 
ter positions than those of engineers. This 
is not disparaging the profession, but in 
justice to the student it is obviously un- 
reasonable to suppose that the technical 
man need necessarily lack the keen per- 
ception and mental alertness alluded to 
in one of the editorials. It is surely un- 
fair to pit the poorest student against 
years of experience. 

Let us take the best examples in each 
case. Two young men of the same ability 
start out into the world for themselves. 
One decides to enter the engineering pro- 
fession, while the other first desires a 
technical education. When this latter 
man graduates, his rival has had from 
four to five years’ experience; but sup- 
pose the technical man decides to become 
an engineer, which one do you _ think 
would stand highest in the profession, say, 
ten years from that date, provided the 
conditions were the same in each case? 
There can be but one answer. 

The technical man has been grounded 
in the fundamental laws and _ principles 
underlying his profession, he has seen the 
application of these principles to practical 
work and has been taught to reason out 
special problems in a logical manner. He 
has also had the benefit of the experiences 
of his instructors, has had things pointed 
out and explained that might not ordi- 
narily be suggested and has had the broad- 
ening influence which comes only from 
contact and association with fellow-stu- 
dents. While, as the editor says, this is 
an age of specialization, I contend that it 
can be carried too far and so make a man 
of less value to himself and consequently 
to society. 

The young engineer, on the other hand, 
has had his practical experience of four 
or five years and has had access to the 
trade papers, catalogs, hand-books, etc. 





His experience will of course Gepend very 
much on the character of the plant or 
plants where he has been employed, the 
troubles encountered, the appreciation 
shown of ability, and the suggestions and 
instructions offered by his _ superiors 
Trade papers are a great help to anyone 
in the profession, but as for catalogs, 
hand-books a d the like, it has been my 
experience t! at their tables, charts, plots 
and empirical formulas are very often in- 
correct, and in any case the user of such 
data has no knowledge of its derivation 
and can only accept it at its face value 
The “tech” man, I believe, can get, in a 
much shorter time, the same knowledge of 
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the profession which the practical man has 
absorbed in four years, and surely beyond 
the tenth year after graduation there will 
be no comparison between the qualifica- 
tions of the two men. 

Of course it is doubtful that the “tech” 
man will remain an engineer, but he will 
use the position as a stepping-stone to that 
of designer, manager, salesman, consult- 
ing engineer, etc., which, al 
though not necessarily open only to “tech” 
men, are in general impossible for the 
average engineer. 

As noted before, all comparisons which 
I have seen have been between the gradu- 
ate and the practical man with years of 
experience and this being so manifestly 
unfair has prompted me to deal at some 
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How Was the Vacuum Formed ? 





At 
they had some very fancy doors, mold 


a wood-working mill in Michigan 


ing, etc., that they wanted to dry very 
slowly, so they built a cheap annex to the 
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dry-kiln, which was too hot for this spe 
cial purpose. The “annex” was piped like 
the accompanying sketch, if I remember 
rightly. An 8-inch ‘galvanized-iron pipe 
lay on the floor and an 8-inch upright led 
through the roof. After we turned on 
steam, and it had been exhausting for 
an hour or two, the whole pipe system 
suddenly began to vibrate, and one of the 
joints collapsed with a report like a small 
cannon. We put in a new length of pipe, 
and it collapsed like the first. 

Will some Power reader tell how the 
vacuum was formed in that pipe with an 
8-inch opening to the air at the top? It 
must be remembered that the steam was 
exhausting freely from both dry houses 


at the time the joint collapsed. I was 








500 


standing near the pipe examining the 
joints at the time and the “boss” was 
with me. We got out in a very undigni- 
fied manner, I am afraid. 
J. W. Power. 
Flagstaff, Ariz. 





Allowing for Expansion of Steam 
Pipes 





In the arrangement and erection of pipe 
lines, which at some places involved 
straight runs of several hundred feet, dis- 
cussion arose as to how much expansion 
to allow for. An engineer of consider- 
able eminence expressed his views prac- 
tically as follows: While expansion 
should be allowed for, it is often over- 
done, cases having been known where no 
apparent expansion took place, and in 
one case where careful calculations and 


Ceiling 
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D, thence along the ceiling B about 600 
feet, down along the wall E and out 
under the floor at C. 

It happened that another man connected 
with the job had been delegated to take 
careful measurements of the expansion of 
these pipes and report his findings, which 
he did, and his report was to the effect 
that practically no expansion took place. 

The line along the ceiling was difficult 
of access, but I climbed up and marked 
the pipe at F and G and measured ‘the 
distance from F to the wall D, from G to 
the wall E, and from F to G, both when 
the pipe was cold and after the heat was on. 
I took the temperature of the pipe as the 
temperature due to the pressure which it 
carried (taken from a steam table), made 
my calculations and found that the actual 
lengthening of the pipe from F to G was 
about 90 per cent. of what it had been 
figured to be by the method outlined. 
The other 10 per cent. I concluded was 
taken up in the crowding together of the 
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ALLOWING FOR EXPANSION OF PIPES 


elaborate provisions had been made for 
taking care of and measuring the antici- 
pated expansion, when steam was turned 
on the line no expansion could be noticed. 

This sounded odd to me and I deter- 
mined to get some first-class data from 
the pipe lines upon which I was working. 
I calculated the expansion which might 
be expected to take place, using the co- 
efficient 0.0000067 for wrought iron per 
degree Fahrenheit difference in tempera- 
ture of the pipe when cold and when 
warm. Thus, suppose the temperature 
when warm to be 300 degrees and when 
cold 70 degrees; then the expansion for 
100 feet of pipe would be: 

( 300 — 70 ) X 0.0000067 XK 100 = 0.154 
foot =1.85 inches. 

I selected three different runs of pipe 
upon which to make measurements, the 
conditions being about the same in each 
case, and as shown in the accompanying 
sketch. The pipe came from beneath the 
floor at A and, with long-turn wrought- 
iron bends, passed up along the brick wall 





joints and the possibility of the tem- 
perature of the pipe not being quite up to 
that of the steam. 

During my rounds at measurements I 
found that the pipes had been chalked 
and marked with a scratch at the points 
H and K, at about the hight of a man’s 
head from the floor, and I concluded 
after I heard the other man’s report that 
he had made his measurements at these 
points, which showed plainly why he 
found no expansion. The expansion of 
the lines under the floor had caused the 
points A and C to move toward each 
other, while F and G separated, thus 
causing the points H and K to stand prac- 
tically stationary. 

My conclusions were that pipe does 
expand, that it always expands when 
there is an increase in its temperature, 
and that those who think differently can 
find an explanation if they look over all 
the conditions carefully. . 

EXPERIMENTER. 

Syracuse, N. Y. 
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Sanitary Vacuum Cleaning 





. 

Few people realize the extent and im- 
portance of a new department of work for 
stationary engineers that is rapidly com- 
ing into prominence. Allusion is made to 
the so-called sanitary cleaning system, or, 
as it is sometimes called for brevity, 
vacuum carpet cleaning. By means of a 
mechanically created vacuum in a system 
of pipes dirt and dust are removed from 
carpets, tapestries, upholstered 
furniture and even from bare walls, floors, 
columns, etc., in a rapid and cleanly man- 
ner. No well-appointed hotel or depart- 
ment store is complete without its vacuum 
cleaning system in the engine room. 

The mode of operation of a cleaning 
cutfit is practically as follows: A pump 
of some kind produces in a receiver a 
vacuum of from 10 to I5 inches which, 
by means of a flexible hose equipped with 
a special flat nozzle pressed upon a car- 
pet, takes up the dust and pulls it into an 
intercepting tank or other vessel, to be 
discharged or removed to the open air or 
otherwise disposed of. The vacuum is 
sometimes produced by steam-siphon jets 
or injectors, one of the simplest and most 
easily controlled of all the different meth- 
ods, but somewhat expensive for steam, 
particularly if a vacuum of 14 or 15 inches 
is desired. Still account of its 
simplicity it is often used, particularly in 
hotels where steam is available at all 
hours of the day and night. 

The commoner method is to use a pis 
ton pump or, sometimes, a rotary blower 
similar to those in foundries. The pis- 
ton pump or blower may be driven by a 
motor or steam engine, or belted from a 
line shaft. The main objection to the 
piston type of pump is that the dirty air 
must be cleaned before going through the 
pump. Yet, in spite of this very serious 
objection, by far most of the equipments 
have the pump in preference to the blower 
or steam siphon. A 10-inch vacuum will 
readily remove surface dust, but to get 
deep down into the weave of a carpet and 
dislodge all the dirt requires 15 inches of 
vacuum. 

The machine, whatever its type, should 
be able to remove not less than 60 cubic 
feet of free air per minute for each floor 
sweeper in use. The largest machines will 
easily care for fifteen sweepers used sim- 
ultaneously, and each sweeper 
from three to four mechanical 
power to operate it. Ordinary one-inch 
vacuum hose is used and the pipe lines 
are two or more inches in size, fitted with 
sanitary turns and tees. 
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Piston pumps pulling air at 15 inches 
must have large, light suction valves and, 
discharging at atmosphere, generate heat 
The leaving air goes out at a temperature 
of somewhat less than 200 degrees Fah- 
renheit and the cylinders should have the 
usual water jacket. The dirt in the air 


would soon cut the rings and packing if 
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not removed, so the suction line is first 
led through a centrifugal separator or 
tank and then through a water bath, in 
which process probably 95 per cent. or 
more of the dirt is removed. 

The term. “sanitary” is well chosen, for 
the dust caught by the tanks after re- 
moval from a carpet is composed of prac- 
tically triturated manure and dust carried 
into buildings from out of doors, and 
when dampened and allowed to stand over 
night in a warm place, it gives off a sick 
ening smell. The waste dirt is better 
burned to destroy germs, and such places 
as hospitals and the like should be com- 
pelled by law to adopt these systems. It 
will be readily understood that the ma 
chines operate free from the production 
of any dust in the rooms, being entirely 
different from all other methods of sweep- 
ing. 

C. W. Naytor. 


Chicago, III. 





Why the Engine Slowed Down 


The following occurred at a street-rail- 
way power house which I was visiting, 
where two tandem compound-condensing 
engines were working under a tremendous 
overload. While I was standing at the 
generators one of the heaviest loads came 
on, and the amperage went up and the 
speed went down until the engines almost 
came to a standstill. The engineer pulled 
the circuit-breakers, but only one engine 
responded and rose to its proper speed; 
the other refused to go beyond a “snail’s 
pace,” and with the throttle wide open 
and the load all off it would only make 
about twelve revolutions per minute. The 
engineer became excited. He _ bustled 
about for a few minutes and then grabbed 
a monkey wrench and settled down to 


4 Pipe to Main 


POWER 


two sets of tripping cams, one for regu- 
lating the cut-off when the governor is in 
the high position and the other for pre- 
venting the steam valves from hooking on 
when the governor is in the lowest posi- 
tion, or seated. This arrangement pro- 
vides a safety stop in case the governor 
belt should break, or if for any other rea- 
son the governors “seat” themselves. 

I do not know why the engine did not 
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sarcastically remark: “Yes, but you ‘have 
not got a wooden leg.” 
JosEPH BRESLOVE. 
New York City. 





Internal Separators 





A boiler in our plant had been giving 


lots of trouble with water going over to 
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stop altogether. Did the condenser pull 
it along and keep it running? 
R. MANLY Orr. 
Brantford, Ont. 





A New Insulator 





Artificial limbs have not hitherto been 
advertised for electrical purposes, but the 
following actual occurrence places their 
usefulness in a new light: The chief elec- 
trician of a large industrial plant, using 
considerable — electrical recently 
discovered a slight “ground” on one of 
the conductors. Being unable to shut 
down for repairs, it was his habit occa- 
sionally to note the temperature of the 


energy, 












Steam Line 
S ? A 
5 a eee =p i = =i! 
is oe eee oe . st : 4 > \ 
c . . } Pipe Beparatos Water Line | \ 
olo-o oo U= te 











[2 
“6 ) ° 
/ 
Ng << am Sa 
FIG, I 
work on the valve-gear. After a while 


he asked me if I would look at the en- 
gine. I saw at once that the steam valves 
were not opening at all. I told him that 
the governors were not hooked up. He 
made a jump for them, yanked them up 
ind pulled in the support, and before I 
‘ould half close the throttle the engine 
was up to full speed. 

It was one of those engines which have 








grounded wire by placing his hand on it. 
While doing this he would stand on one 
leg, holding the other up from the en- 
gine-room floor. One of his assistants, 
being curious, one day followed his ex- 
ample, and received a shock which left 
him helpless for several minutes. On be- 
ing questioned, he replied that he had 
stood on one leg while making the test; 
but he was surprised to hear the chief 








the engines with the steam, flooding the 
engines and making things disagreeable 
all around. It is a two-flue boiler, 28 feet 
long and 60 inches in diameter, the flues 
being 20 inches in diameter. The original 
separator in the boiler was sounding like 
that shown in Fig. 1. It consisted of two 
pieces of 3-inch pipe, about 10 feet long, 
screwed into a 4-inch tee at A, the outer 
ends being closed. Enough holes were 
bored along the upper side of the pipe 
to equal the area of the 4-inch branch 
pipe that led to the main steam line. I 
took the arrangement out and put in one 
something like that shown in Fig. 2. This 
separator was made of %4-inch iron, in the 
form of a trough 3 inches deep, with the 
edges flared out as shown. 
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FIG. 2 


We ran the ends of this separator to 
within 3 feet of each end of the boiler, 
leaving both ends of the separator open, 
and kept the flared edges ¥% of an inch 
away from the shell by riveting %xI- 
inch strap-iron pieces across the top of 
the separator or trough, as shown at BB 
BB, Fig. 3. For holding the trough in 
place we used two %-inch bolts running 
them through the trough and boiler shell 
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and placing nuts on the outer ends of the 
bolts. 
Grorce W. SHILLING. 
Massillon, O. 





He Likes the “ Cow-power” 
Idea 


On page 264 of the February 18 num- 
ber I saw a picture of a cow with a motor 
on her back, which is the funniest thing 
that I have ever seen. Mr. Guessit re- 
grets that here in the eastern United 
States there are flies only during the 
summer season, so that in winter the 
cow’s tail must hang. I might give Mr. 
Guessit the good advice to construct an 
incubator for producing flies, in which 
case the cow could wag her tail all the 
year around and thus generate double 
power, perhaps enough to light an entire 
farm. 

GrorceE Hauck. 

Columbus, O. 





How a Knock in a Circulating 
Pump Was Stopped 


A lot of trouble and expense were 
caused by the breaking of foot-valves in 
the circulating pump of an independent 
steam-driven surface condenser. The 
pump took water from a river 160 feet 
away, the surface of the water being 
about two feet below the level of the foot- 
valves. The pump was provided with a 
large air vessel on the delivery side only. 
The foot-valves were simple 16x8x34- 
inch “flaps” of rubber, one for each end 
of the pump. These flaps made a very 
bad knock with every stroke. They broke 
into pieces in a very short time and had 
to be removed frequently. As the valves 
cost about $5 each, this was rather ex- 
pensive, to say nothing of having to shut 
down the condenser and run the plant ex- 
hausting to atmosphere, thus burning 
more coal. 

The remedy adopted by the writer was 
to put a snifting valve, with a 3/16-inch 
hole, in the suction pipe about 12 inches 
away from the pump, to admit a small 
amount of air to the pipe. This stopped 
the knock, and the valves lasted four or 
five times as long as before. The makers 
had provided snifting valves on the pump 
cylinder, but these had no effect on the 
foot-valves, the trouble being due to the 
velocity of the large body of water in the 
long suction pipe being arrested at the 
dead center of the pump, which had only 
one air cylinder, thus tending to lift the 
valves and break them. 

Upon installing the snifting valve in the 
suction it was found that sufficient air 
was admitted to cushion the water in the 
pipe, and also in the cylinder, so the snift- 
ing valves on the latter were closed down 
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and no more air was let in than before; 
also, there was no appreciable difference 
in the amount of water pumped. 

A small air-cock should be fitted at the 
highest point of the water space of a 
surface condenser to allow the free es- 
cape of any air contained in the circulat- 
ing water, or entering through the snift- 
ing valves, or otherwise air will accumu- 
late in the top and prevent access of 
water to a lot of the tubes, thus reducing 
the amount of cooling surface. This pre- 
caution is not necessary in a case where 
the return pipe from the condenser rises 
vertically about it, as the air will not 
then be trapped. 

A. W. Empson. 

London, Eng. 





Deep-well Pump Gives Trouble 


The accompanying drawing shows a 
pump and pipe line, installed in March, 
1906, which have given trouble I have 
not been able to locate. Whenever the 
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did. But now, when the plunger is half 
way along the down stroke it makes a 
worse pound than ever, although it has 
always made a pound of this character in 
less degree. The pump uses compressed 
air at 70 pounds pressure. The piston 
makes 28 strokes per minute and has a 
20-inch stroke. It has a 5%4x42-inch 
cylinder fitted with quick-closing valves. 
Can any reader give any information that 
will help me out of my trouble? 
Greorce K. SWALLEY. 
Essex, Ia. 





The Boiler Gage-cock 


Time was when the gage-cock used on 
steam boilers consisted of a _ simple, 
weighted valve seat pivoted and normally 
held by the weight over a square-faced 
nozzle. Between the two was kept a 
strip of packing, and there was no trouble. 
Such was the old “Register” cock. Now, 
they all have some form of needle-point 
disk, with varying schemes for “grinding- 
in.” This type seems to fascinate fittings 
manufacturers. The only place where 
it is needful is at sea, where the lever- 
gravity type is not reliable on account 
of the rolling of the ship. Aboardship the 
gage-cock is the chief of the devil's 
chosen instruments. They all leak more 
or less (as the writer has ample reason 
to know), and none of them will stay 
“fixed.” 

Just why this necessary evil was im- 
ported from the salt pickle where it be- 
longs and foisted on‘ stationary boiler 
plants, is not easily discernible; as well 
introduce a few waterspouts and hurri- 
canes. Wherefore, hunt up the old reli- 
ables when you get a new boiler and let 
no man inveigle you into a metal-seated 
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pump is in operation the neighbors com- 
plain of noises in their houses. A piece 
of 4-inch pipe was obtained and put on 
the discharge line next to the pump, 
thinking it would stop the noise, and it 
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gage-cock, unless you prefer to let down 
the boiler frequently for repairs to the 
water column. 

WarrEN H. MILter. 


Livingston, S. I., N. Y. 
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A Smokeless Furnace 


Engineers having charge of plants 
where there is a great amount of refuse, 
such as wood, sawdust, etc., to burn gen- 
erally have great clouds of smoke issu- 
ing from the stacks. This can be elimi- 
nated, by constructing two . combustion 
chambers, as shown in the illustration, 
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Water-tube Boilers 





At a recent meeting of stationary engi- 
neers a member arose and asked if any 
person knew positively whether an in- 
clined water-tube boiler would evaporate 
more water per pound of coal than a 
modern, first-class return-tubular boiler. 
In the discussion a great many points for 






































~—_, 
| 
2 2 
_ ee : = 
= | xe) o—— 
S 8} i: |o 
Oo ol |o 
) QO} led 
| lo O} 1O 
1] lo Oo} lo \ 
j < | 
He : le 
lo Ot o 
2) oO} }O 
oO | | 
| ) 2 fo : 
2) 1c 
—$$—$___ —_—-—_-__— —>+ _ +5. 
| -——— 9 ‘Nn 
x 
1 : 
74 - ~ 
| 
| 
| AY } 
{ ee | ve) 
| 2 
( P| } EE 
7 | & | | 
( < | 
q | 
i | | 














SHOWING CONSTRUCTION OF 
making the bridgewall hollow, with an air 
opening 3 or 4 inches in diameter run- 
ning through the boiler setting, and a 
damper to regulate the air supply. 

Back of the bridgewall a pit about one 
foot wide is built, to give the gases a 
chance to mix with the air and produce 
nearly perfect combustion and a clean 
stack. 

CLARENCE H. BEASECKER. 

Grand Rapids, Mich. 





How Should Fuel Gas be Me- 
tered and Charged For? 


Why should a gas company furnishing 
natural gas charge a certain amount for 
gas burned as recorded by the meter and 
another amount for gas not recorded? 
The bill reads like this: “To gas re- 
corded by meter, $90; to gas not re- 
corded by meter, $55.” 

How high a pressure are gas meters 
supposed to work under? In my case 
a 14-inch pipe leads from the main to 
the meter and a 2-inch pipe from the 
meters to the burners under the boilers. 
The gas company claims that the gas 
should be controlled with a valve between 
the main and the meter, but I regulate by 
a valve between the meter and the boiler. 

I would like to know why the gas com- 
pany charges gas not recorded by the 
meter. This matter has led to some very 
warm discussions and I would like to 
hear from those who have had experi- 
ence in the same line. 

Gas METER. 

Lemmington, Ont. 


SMOKELESS FURNACE 


AND COMBUSTION CHAMBER 


and against both fire-tube and water-tube 
boilers were raised. Some claimed that 
500 per cent. more work is required to 
keep water-tube boilers clean. 

One engineer stated that he had taken 
out fire-tube boilers aggregating 210 
horse-power (15 feet of heating surface 
to I horse-power), and in the same floor 
space had installed 1000 horse-power of 
water-tube boilers. Another claimed that 
it is nearly impossible to keep tube ends 
perfectly (dry) steam-tight in a water- 
tube boiler where cast-iron headers are 
used. It was stated that steel headers 
are now being used, which would be an 
improvement. It was also stated that in 
blowing steam through certain types of 
water-tube boilers, to clean out the soot, 
the soot was blown to one side, where 
much of it collected, became damp and 
helped to corrode certain of the boiler 
parts. 

I have never heard of this defect before 
and I hardly understand why a 
would be built in such shape. 


boiler 


It would be a help to many if a dis- 
cussion were started along these lines. 
Do Power readers know of any explo- 
sions in water-tube boilers, and the par- 
ticulars? What is the efficiency of the 
water-tube boiler when compared with 
the fire-tube? We all know that for high 
pressures (150 or 160 pounds gage, etc.) 


the water-tube is the boiler to use; but 


there is a whole lot in connection with 
water-tube boilers that many of us are 
not very sure of. 

J. E. Nose. 


Toronto, Ont. 
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What Is the Matter with the 
Diagram ? 





The indicator diagram shown on page 
418 of the March 17 number, which was 
presented for criticism by J. F. Davis, 
shows two or three things that might be 
improved. The exhaust closes much 
earlier on one end than on the other, 
causing the apparently slow closing of 
the cut-off valve on that end. The com- 
pression curve on the crank end starts 
upward much too suddenly, showing 
something wrong somewhere. The re- 
ceiver pressure is fully ten pounds higher 
than it should be for the cylinder ratio 
of the engine in question. 

5. B.. Ee 

Brookline, Mass. 





Admission of Steam Under the 
Grate for Burning Slack 


I would like to hear from anyone who 
has reason to believe it to be an advan- 


_tage, and in what respect, to admit steam 


wider the grate for burning slack coal. 
That is, some one who has tried it, then 
taken it out, then adopted it again, be 
cause it was finally found to be beneficial. 
Years ago it was tried on marine vessels, 
I remember, and immediately thrown out, 
as it appeared to form clinkers and clog 
the grate. I notice it is being tried by 
stationary men. They admit exhaust 
steam continuously from the engines, sup 
posing it to be a good thing. 
J. F. Kinestey. 
Bradford County, Penn. 





An Unsuccessful Applicant 


As’ an illustration of how the license 
law is frequently carried out, I wish to 
give the following short history of an 
engineer: First, he was fireman for the 
New York & New Haven Railroad; next, 
assistant engineer for the Collins Com- 
pany, maker of edge tools; then, chief 
engineer for the Benedict & Burnham 
Manufacturing Company, at which time 
he was 24 years old and had been in 
charge of two simple-condensing Corliss 
engines, two cross-compound Corliss en- 
gines, one locomotive and a number of 
smaller engines. 

He was the first to apply 
eccentrics to Corliss engines; the follow- 
ing builders put on their first extra eccen- 
tric for him and under direction : 
William A. Harris, the George H. Cor 
liss Company, the Dixon Company, the 
Whitehill Company, Hewes & Phillips 
and the Watts-Campbell Company. 

He built the first successful oil furnaces 
for casting and annealing brass, and he 
put in the first hydraulic pumps connected 
to Corliss engines for drawing seamless 


man two 


his 
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tubes. He was consulting engineer for 
the United States Rubber Company and 
others, and devoted eight years to build- 
ing electric-light and power stations. He 
was chief engineer of the Nazareth 
Cement Company, in charge of two com- 
pounds, one compound air compressor and 
small engines; also chief engineer of the 
Pennsylvania Cement Company, in charge 
of one compound and two simple engines 
and small engines; also chief engineer of 
the Hotel Astor, New York, in charge of 
four tandem Rice & Sargent engines, and 
the usual hotel apparatus. During this 
busy career he was frequently a corre- 
spondent for the American Machinist, 
Power, the National Engineer, etc. 

This man had been laid up for a time 
and chance landed him in Massachusetts, 
where he had the opportunity of apply- 
ing for a position, if he could get a 
license; so he marched down into the 
lowest depths of the State House, in Bos- 
ton, where he was taken in hand by a 
young man who had attended an engi- 
neering school, got posted in the license 
phraseology and had had sufficient ex- 
perience to fulfil the legal requirements. 

This young man told him he could 1ot 
give him a license, because: “You don’t 
know anything about boilers or engines.” 

What a pity it is that modern license 
methods could not have been in vogue 
forty years ago, and this man’s career 
have been shut out, together with the 
damage he has done to engineering and 
his fellowmen. 

OBSERVER. 

Syracuse, N. Y. 





Curing a Governor Trouble 





One of the engines in my charge is a 
14x36 Corliss, developing from 90 to Igo 
horse-power. The overload often de- 
mands steam for the full stroke, with the 
result that formerly the steam valves 
would not trip and the cut-off would not 
take place. The governor, after going 
down until the tripping cams did not 
touch and trip the latches, would have 
a hard struggle to rise again to a point 
where the tripping would recommence. It 
seemed that the force required to trip the 
latches was so great that the engine speed 
necessary to give the governor the needed 
power had to be greatly accelerated, and 
in going through this part of the per- 
formance the governor would dance vio- 
lently with every movement of the trip- 
rods. These conditions produced racing, 
or, rather, “hunting.” 

The latches had a catch surface of % 
of an inch and tripped very stiffly. I 
put in thicker leathers and reduced the 
catch surface to a trifle less than 1/16 of 
an inch, which made a wonderful im- 
provement. At present the governors are 
doing their work satisfactorily, but dur- 
ing two and a half years the corners have 
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been worn completely off the latches and 
blocks five times. Of course this is due 
to the very small amount of catch sur- 
face allowed. The blocks and latches are 
as hard as any, but I have known trip 
systems to operate satisfactorily on other 
engines, on which a longer catch surface 
was allowed, for at least eight years. 
R. MANLY Orpr. 
Brantford, Ont. 





Effect of the Drift-pin 





Recently a number of boiler explosions 
were found to have been caused by the 
failure of the lap-riveted joint. While 
the direct cause has been due to a 
cracked plate, is there not a possibility 
that the injudicious use of the drift-pin 
has had considerable to do with at least 
some of the recent boiler explosions? 

Although it is stated that the drift- 
pin is not used to the extent that it for- 
merly was, there are doubtless a good 
many boilers in operation in which the 
drift-pin has been used in order to bring 
the holes in two plates in line. 

Fig. 1 shows the in which the 
holes sometimes line up in plates, which 
necessitates the use of the drift-pin. Fig. 
2 shows the position of a rivet after the 
drift-pin has been used and before the 
rivet has been headed over. Fig. 3 is a 
good illustration of a rivet after heading 
over in a case where the drift-pin has 
been used. 

It is evident with a rivet driven in this 
manner that the plate has been strained 
and that considerable less than its original 
tensile strength remains. It is doubtful if, 
in case of a boiler explosion and an in- 
spection of the seam discloses a rivet as 
shown in Fig. 3, that the blame for the 
explosion would be laid to anything but 
a defective seam. 


way 
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To overcome all weaknesses of boiler 
joints, there is no doubt but what the 
butt-joint is preferable for pressures over 
70 pounds to the square inch. 

When it comes down to a fine point, 
many boiler explosions are caused not so 
much by faulty design as by improper 
care after the boiler has been installed. 
A careful examination will often disclose 
defects which previous engineers have 
not noticed, and which if permitted to 
exist will ultimately result in a boiler ex- 
plosion. 





FIG, I. 


IMPROPERLY ALINED RIVET HOLES 


Undoubtedly nine-tenths of the boiler 
defects which found are the direct 
result of carelessness or neglect on the 
part of those in charge. 


are 


D. PARKER. 
Boston, Mass. 





Steam-cylinder and Valve 
Lubrication 


I would very much like to see the above 


subject ventilated in the columns of 
Power. In land practice internal lubrica- 
tion is thought essential, whereas in 


marine practice, which is at the head and 
forefront of steam engineering, it is pretty 
generally discarded, no oil being admit- 
ted to the cylinders, beyond what finds its 
way in from the “swabbing” of the pis- 
ton-rods. 

Of course, it is well known that in high 
pressures oil must be kept out of boilers 
at any cost, and marine engines use the 
water direct from the surface condenser. 
But I do not think this accounts for the 





FIG. 2. RIVET 


AFTER USING DRIFT-PIN 


In the opinion of many engineers rivet 
holes should be countersunk rounding on 
the side of the sheet on which the rivet 
is headed down. This gives the hole a 
round edge and makes a head which 
is preferable to that made when the 
countersinking is done on a bevel. One 
of the weak points in lap-joints is that 
the lap is too short, and after pressure 
has been applied and released a number 
of times, the joint will be “weakened at 
the end of the lap. If the lap is longer, 
however, this tendency will disappear. 


FIG. 3. RIVET HEADED OVER 
neglect of internal lubrication, because 
there are filters which will take most of 
the oil out of the feed-water. And the 
fact remains that we have immense en- 
running with high piston speed 
without cylinder lubrication, and when 
these engines are “opened out” the sur- 
faces are found to be in splendid condi- 
tion. In fact, marine engineers assert that 
oil is used the same high polish is 


gines 


when 
not found. 
JoHN L. SHELDON. 
Prince Albert, Can. 
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Trouble with Condensation Water 
in the Exhaust Line 


. 





The accompanying sketches show the 
steam piping of the plant where I once 
had trouble with the water of condensa 
tion getting into the exhaust line. There 
were four 8-inch leads from the boilers 
to a 16-inch steam header (Fig. 1), and 
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two 10-inch leads from the 16-inch header 
to the engines. The exhaust pipe was 30 
inches in diameter and about 70 feet long. 
One morning the length of 30-inch pipe 
next to the elbow at the base of the ver- 
tical pipe to the condenser split the whole 
length clear through the flanges (about 
9% feet long), the vacuum gage show- 
ing 26% inches. Our arrangement for 


About 60’ long 








| End of 30” 
/ Exhaust Pipe 
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The method of. drawing off this water, 
without causing a shut-down, was suc- 
cessfully accomplished in the following 
manner: The split length of 30-inch pipe 
was replaced by a new piece, the damaged 
along the 
crack and flanges were put on each end. 
The flange on the end of the 30-inch line 
was ‘drilled for a 3-inch pipe and a %- 
inch pipe, and the split pipe was used as 


piece was calked with lead 


Level of 
Steam Outlet 





16" Header 


——--About-11'- —— - ff _\]/ 


PERSPECTIVE OF STEAM PIPING 


a receiver for the water of condensation, 
being connected as shown in Fig. 2. 
When the plant is in operation the valves 
A and B are closed and C and D are 
opened. This allows the water to flow 
into the trap. The trap will not take 
water unless both C and D are open, 
which allows circulation to take place and 
air to be exhausted from the trap. 


"to Drain 
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Former Method 
of Draining 


FIG. 2. ELEVATION 


draining this pipe had been as shown in 
Fig. 2. When the vacuum had been 
broken. and the gage fell to zero, the 
check-valve would open and the pipe 
would drain; when vacuum was created 
the check-valve was held shut by atmos- 
pheric pressure. When we shut down 
after the accident it took about one and 
one-half hours to drain the water out of 
the 1%4-inch pipe. 





Calking of Old Crack 
OF EXHAUST LINE AND TRAP 





a B 
3” Drain 


When the trap is full C and D are 
closed and A opened, which breaks the 
vacuum in the tank. By opening B the 
water will flow out under its own head. 
To empty quickly, a steam jet may be 
arranged as shown in Fig. 2. 

The following data were taken for an 
average cycle of operations: Time re- 


quired to fill the tank when running with 
heavy load, 2% hours; time required to 
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empty the tank by gravity, 64 minutes; 
time required to fill the tank when run 


ning light, % hour; time required to 
empty the tank with the steam jet, 3 
minutes. 

The tank would fill up from 3 to 20 


tons per day, according to condition of 
load, and as the pipe held more than 300 
gallons of water an enormous amount of 
water of condensation was drawn off at 


’ times. 


Perhaps some Power reader will give 
his opinion about why this pipe broke 
with 26% inches of vacuum; also his opin 
ion regarding the tank filling up 
quickly on light loads. 


so 


E. S. HaArrar. 
Painesville, O. 





One Cause of Boilers Giving Out 





I was called in to look at a boiler that 
needed repairs. I found it in a deplorable 
condition. The grates had been raised 
to about 20 inches from the shell at the 
front and 12 inches at the back. The 
fireman told me he had to keep the fur- 
nace full, up to the boiler shell, to get 
any steam. The bridgewall was about 6 
inches from the shell. Back of the bridge, 
all the way to the back end, was filled to 
within 3 or 4 inches from the. shell, and 
as there was a girth seam right over the 
bridgewall, it was bulged considerably. 
As the boiler was in an institute of learn- 
ing, I was surprised to see it in such 
condition. The principal told me that it 
consumed an “awful lot” of coal, and was 
getting worse every year. I 
often it was cleaned out 
once or twice a year. The school opened 
in September, down for a few 
weeks for the holidays, and then closed 
for the summer about the first of June. If 
it were so they could not clean at holi 
day time, it was put off until they were 
ready to start up again in September. 

The boiler was 60 inches by 16 feet and 
there was a manhole under the tubes, so 
I thought I would take a look in. I man 
aged to get the nuts off the bolts and tried 
to take the plate out, but had to get a 
stick of timber to use as a battering ram. 
There was 6 inches of sediment in the 
bottom all the way through the tubes— 
one solid mass. The principal, who was 
there at the time, was very much sur- 
prised to see so much mud. It took a 
week to clean the boiler. Then I ordered 
the grate lowered to 24 inches at the front 
and 30 inches at back end, and the bridge 
wall down to 12 inches. Then I dug out 
the back of the bridgewall to 30 inches 
all the way through. 

The directors sought to stop me, as I 
was making too much expense, and they 
feared it would burn more coal, on ac- 
count of the fire being so far from the 
boiler. I offered to take my pay out in 
the fuel it would save, and I believe they 
would have agreed to it, but for somebody 


asked how 
and was told 


closed 
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advising them not to. I went around the 
following May to see if there were another 
job for me, but found none, and I was 
told that they did not use one-half the 


coal they expected, or had ordered. The 
fireman had followed instructions and 
everything was O. K. 

J.. Coox. 


Springfield, Ill. 





Finding the Average Pressure 
from Round-pattern Pressure- 
recording Gage Charts 





On page 330 of the March 3 number 
there is an article on “Finding the Aver- 
age Pressure from Round-pattern Pres- 
sure-recording Gage Charts.” In my 
humble opinion, the method given therein 
in incorrect, as it does not find the aver- 
age value of the pressure. Instead, the 
process as outlined gives the square root 
of the mean value of the squares of the 
pressures, which is quite another thing 
and not what is wanted. The method, I 
presume, was deduced from the appar- 
ently analogous process of finding the 
mean ordinate of an indicator diagram. 
In the indicator diagram, Fig. 1, the areas 
ABCD and DEF D balance each other 
and give the area CE QP, equal to that 





















FIG. 2 


of the diagram, from which the mean 
ordinate, C P, is found. In this case one 
square inch of area in ABCD has the 
same effect in determining the mean ordi- 
nate as a square inch of DEF D. So, by 
the method of the article under discus- 
sion, the areas in Fig. 2, lying between the 
irregular outline and the circle (repre- 
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senting the average pressure by that 
method), are balanced; that is, the sum 
of the excess areas on the outside of the 
circle being equal to the sum of the defici- 
encies within the circle. But this ques- 
tion cannot be settled by averaging areas. 
What we must average are lines radiating 
from the center and not areas derived 





Perey at 
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FIG. 4 


from squaring lines. Besides, the small 
area abcd has just exactly the same 
value in deterrhining the mean pressure 
that the larger area A BC D has, taking 
ab and AB as equal, so that equal areas 
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is then constantly equal to 150 pounds for 
12 hours, as represented by ABC. Evi- 
dently the average pressure for the 24 
hours is 100 pounds. 

Determining the average pressure by 
the method suggested by the article, we 
find the radius of a circle equal in area 
to the record. The area of the semi-circle 
FME is 


= 1%)? = 2.454 square inches ; 


The area of the semi-circle A BC is 
n 
(ony = 7.952 square inches. 


This gives for the area of the circle re- 
quired: 


2.454 + 7.952 = 10.406 square inches. 


The radius of a circle with this area is 
1.82 inches, which gives us 


1.82 — 0.75 = 1.07 inches 


from the zero pressure circle outward, 
which corresponds to a pressure of 107 
pounds, an error of 7 pounds, since the 
true value is 100 pounds. 

Any method of using a _planimeter 
which measures areas, whether applied 


160 Lb; 





100 Lbs. 


FIG. 3 


are not equally effective, as in the case 
of the indicator diagram, and the analogy 
fails. 

To take a simple, concrete example, 
suppose Fig. 3 to represent such a chart, 
in which the pressure has been constant 
and equal to 50 pounds, as represented by 
the semi-circle / ME, for 12 hours, and 


to a sector of such a record or the whole 
record, will be at fault for the reasons 
given above. Thus a planimeter for meas 
uring areas gives us the value of 





4 f(r? a2) a6, 






in which a is the radius of the zero pres- 
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sure circle and r the variable radius of 
the area being integrated. What we must 
have is a planimeter that will give the 
value of 


f(r—a) d 4, 


and dividing this by 27 will give the aver- 
age radius from the zeroepressure circle. 
Such a planimeter is a simple bar carry- 
ing a recording wheel, the axis of which 
coincides with the bar, the latter having 
a tracing point at its outer end. The 
inner end slides back and forth through 
a standard, placed over the center of the 
record, while the tracing point follows 
the outline of the record. The result is 
given on the recording wheel and is true 
for any arc, as well as for the complete 
record. The theory and design of such 
an instrument was given by Prof. W. F. 
Durand in the Sibley Journal for October, 
1893. 
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Finally, what must be balanced in such 
« record are not the areas as in Fig. 2, but 
the excesses and defects in radius, as in 
‘ig. 4. In this figure if the circle repre- 
sents the true mean pressure of the ir- 
regular outline, then the sum of the parts 
of the radii in excess, designated by full 
lines, will be equal to the sum of the de- 
fects shown by dotted lines. 
Looking again at Fig. 3, it will be seen 
that this holds true for that figure; that 
s, the sum of the excesses over the aver- 
ge radius within the area bounded by 
he semi-circle A BC and the mean circle 
just balanced by the deficiencies com- 
prised between the mean circle and the 
mi-circle EMF. But it is quite evi- 
nt that the areas occupied by 
uantities are not equal. 


these 


W. L. BeEnirz. 


Notre Dame, Ind. 
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Piping a Steam Pump and an 
Injector 


On page 149 of the January 28 num- 
ber, Mr. Treeby criticizes my arrange- 
ment. I should like to point out that 
the sketch as printed in Fig. 2 is not as 
per my original, but differs in the fol- 
I did not show any elbow 
fittings at the points D, E and F, simply 
the plain pipe bent to suit; it is an easy 


lowing items: 


matter to do this, as the pipes on a job 
of this description are comparatively small 
in diameter, and it looks better, gives an 
easier flow for the water and there are 
fewer joints to keep tight. 

Mr. Treeby calls attention to the pecu- 
liar-shaped T on the delivery, indicated 
by the letter H. A line has evidently been 
omitted here. I intended the boiler end 
of this T to be fitted with a nipple and 


Steam to Pump— 


EE 


Socket 


To Boiler q 


To Tank ~ 








Delivery to Pump ai | 81000 





Suction 


_ Socket and 
Back Nut 
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Then again, he has omitted the injector 
suction valve C. Now, if anything goes 
wrong with the main suction pipe, such 
as the strainer getting clogged, and these 
things always happen at the most awk 
ward moment, it seems to me to be advis 
able to alternative 
the pump, and for this purpose it is neces 
sary to have the valve C; otherwise the 
water from the overhead tank is liable to 
run to waste down the injector overflow 


have an suction for 


nipe. 
The 

opinion too near the injector; it should 

be placed at some convenient distance, in 


steam valve A, Fig. 1, is in my 


order to minimize the amount of heat 
radiating to the injector. An injector 
should be kept as cool as possible. In this 
particular case there are two ways of 
feeding the injector. If the overhead 
tank is used, of course the water will 


flow to the injector quite easily, but if it 


Should be a 
W. 1. Bend 
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PIPING A STEAM PUMP AND AN INJECTOR 


the feed-pipe to the boiler to be attached 
thereto by a socket and back-nut. 


My arrangement, that is Fig. 2, does 
not show very closely the system of con- 
necting the various pipes. This was 


shown better on the original. I proposed 


to employ running joints. | with 
Mr. Treeby that flange connections are 
better than but it 
seems to me that the latter are more pre- 
valent in the United States and that is 
my reason for indicating them. 


agree 


very much screwed, 


On comparing Figs. 1 and 2, it seems 
Mr. Treeby eliminated 
shown in Fig. 2. 


has two valves 
First, he has omitted 
the injector-delivery valve B. Now, what 
is going to happen, in Fig. 1, if you get 
the pump to work for feeding the boiler? 
Where is the water likely to go? It 
seems to me that in all probability it will 
go down the injector overflow pipe. 








Suction 


becomes necessary for the injector to lift 
its water from the main suction pipe, | 
should expect trouble in getting the in 
jector to start; as much from the hight 
of suction lift, in this case, as the tem 
perature of the injector. 

dD. & 


London, Eng. 





State Civil Service 


es, among others, the 


The New York 
Commission announce 
following examinations, to be held April 
Assistant to chief engineer, Pub 
First District, 
salary $3000; mechanical engineer, Pub 


iS next: 


lic Service Commission, 


lic Service Commission, Second District, 


$1200. Applications must be filed before 
noon of April 11. Form E—8 will be 
needed and may be obtained from the 


chief examiner at Albany, N. Y. 
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The Cooler for the Cold-motor 
Man 


Benson Bidwell and Charles F. Bidwell, 
charged with operating a confidence game 
and obtaining money under false pre- 
tenses, have been found guilty by a Chi- 
cago jury. The crime charged is a felony 
carrying a penalty of imprisonment of 
from one to ten years. The Bidwell con- 
cern was one of a class which during the 
past year or two has been flooding the 
Sunday papers with half- and full-page 
advertisements of wonderful inventions, in 
the benefits of which the public was 
allowed to participate at a very nominal 
price per share. If Power’s caution, pub- 
lished at the time, had been heeded, some 
four thousand victims would have saved 
their money. There are other schemes 
just as preposterous and there are those 
whose castles in the air, founded upon a 
bunch of twenty-five-cent shares, are com- 
ing down about their ears as precipitately 
as did those of the trusting multitude who 
pinned their faith to the Bidwells. 





The Road to Economy 


An engineer is frequently inclined to 
pay more attention to the shape of an 
indicator diagram than to the efficiency 
of the coal shovel. Too much cannot be 
said in favor of intelligent use of the 
indicator, and no engineer should be satis- 
fied with only a limited knowledge of its 
use and its possibilities; neither should 
he be satisfied with the use of the indi- 
cator to the exclusion of scales for weigh- 
ing coal, ashes and water. The economical 
use of steam that is generated wastefully 
is not economy, and may save less money 
than would the most extravagant use of 
steam generated. If a 
man’s lungs are in bad shape, the whole 
man is inefficient. The boilers constitute 
the lungs of the steam-power plant, and 


economically 


on their performance depends the econ- 
omy of the plant. The relation of grate 
area to heating surface, the proportion of 
smoke to real fire, the percentage of real 
fuel in the coal burned, and whether a 
real fire heats the water or an imitation 
tire sends CO into the flue instead of CO., 
are questions which determine the effici- 
ency of the engineer, and it is of the high- 
est importance to him that he should be 
the most efficient piece of apparatus in the 
plant. After the boiler and its auxiliaries, 
such as feed-water heaters, pumps, etc., 
are at their best, and leaks in the steam 
and water pipes have been stopped, and 
the engine room is clean, then is the time 
to study the shape of the indicator dia 
gram, and the engineer who knows the 
cheapest to make will 
learn the most economical way to use it. 


Way steam soon 
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A Foxy Packing Salesman 


Some time since we received a com- 
plaint from a subscriber in Boston that 
the Compagnie des Materiels d’Usines, of 
aris, had representatives traveling about 
the country taking orders for a braided 
wire packing by the yard, and furnishing 
it by the pound. The purchaser will order 
ten or a dozen yards, expecting to get 
three or four pounds of packing, and will 
find himself committed to pay for fifteen 
or sixteen. It has taken some time to 
run the matter down, but we are now in 
possession of a letter from P: Duval, of 
Paris, the inventor of the Duval packing, 
in which he says that a “traveler” called 
upon him with reference to selling his 
packing and described the method by 


which a large amount of an imitation 
thereof had been disposed of in the 
United States and England. The price 


in the United States was $5 per pound 
and the minimum order taken was for 
thirty feet. The salesman eluded all ques- 
tions as to what the amount of the order 
would be, and the customer who thought 
he was ordering some $20 worth of pack- 
ing had $200 to pay. The game worked 
in the United States and England, for the 
“people like better to pay than to be prose- 
cuted,” but in France their consignments 
were returned to them. Monsieur Duval 
did not embrace the opportunity. 

Don’t let any apparent unfamiliarity 
with the language cause any confusion 
between feet, yards and pounds—and find 
out what the bill is going to be before you 
sign the order. 





The Gain from Live-steam Feed- 
water Heater 


There was a story in the school readers 
of a party of scientists of an earlier gen 
eration, who got into a heated argument 
as to why a fish added nothing to the 
weight of a globe of water in which he 
was swimming. After the argument had 
endured long and waxed warm, somebody 
suggested that the experiment be tried. A 
globe of water was balanced upon a scale, 
a fish put into the water and it was found 
that the scale needed additional weight 
to balance it equal exactly to the weight 
of the fish. In other words, the answer 
to the conundrum: “Why does not a fish 
add anything to the weight of the contents 
of the globe?” is—that it does. 

For a score of years steam engineers 
have been trying to determine why a live 
steam heater should add to the efficiency 
of a steam boiler. How could a net gain 
result by taking a number of heat units 
out of a boiler in steam and_ returning 
them to it in the feed-water. Columns of 
editorial speculation have been written; 
hours of discussion pursued as to why 
this was so, and now come Prof. John 
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(Goodman and D. R. MacLachlan, of the 
University of Leeds, who say that they 
have tried it and it is not. 

Their test, an account of which was 
presented at the February 21 meeting of 
the Institution of Mechanical Engineers, 
and the results of which are given on 
page 496 of this number, was very com 
plete, and included an analysis of the fuel 
and the flué gases, and a heat balance. 
[heir results of the trial with and without 
the live-steam heater run so closely to- 
gether that the differences are at any time 
almost within the limits of an error of 
observation and manipulation, the equiva- 
lent evaporation per pound of carbon 
value of fuel from and at 212 degrees 
being 10.06 with the heater and 10.12 with- 
out the heater. The evaporative results 
all through are rather better without the 
heater, but no more than may be ac- 
counted for by the increased radiation due 
to the use of the heater and its connected 
piping. 





What Is a Man Worth? 


Most men are worth a definite amount 
in wages or salary, but this amount is not 
always easily determined to the satisfac- 
tion of all concerned. Our attention was 
recently called to a news item which 
stated that a certain mining engineer was 
getting a salary of $800,000 per year, but, 
being dissatisfied, was about to demand 
$1,200,000 per year, with a good prospect 
of receiving it. Using our own judgment 
in the matter, we are placed in the same 
position of skepticism as the old farmer, 
who when his son, who had left the farm 
and risen to be president of a large com 
pany, told him what salary he received, 
said in a doubtful tone, “But, John, are 
you worth it?” 

Again, thousands of men are working 
every day in the year for less than $1.50 
per day, and there are cases where it is 
doubtful if they are worth that 
umount, the production of their 
labor is compared with that of another’s 
of the same grade. 


even 
when 


The foregoing represent the two ex 
tremes, but between them are many more 
producers of one sort or another—and 
what are they worth? 

This is a matter which interests the 
engineer, regardless of his status in the 
engineering field. What is he worth to 
his employer, and does he receive what 
he is worth? In some cases—perhaps it 
would be better to say many cases—the 
engineer gets all that he is worth; usually 
the pay and the condition of the plant go 
hand in hand, and the more dilapidated 
the plant the lower the grade of employee 
found therein, and the lower the wages. 
On the other hand, does the more intelli- 
gent engineer receive the wages he is 
Worth? Ifa man is filling a certain posi- 
tion for a stipulated sum, and another 
who is capable and performs his 
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duties in a better manner all around, is 
employed to take the place for less, does 
the latter receive what he is worth? Was 
the first man receiving more than he was 
worth, and if so, where is the line to be 
drawn? 

Frequently there is a difference of opin- 
ion between the employer and the em- 
ployee as to the engineer’s worth. Usually 
the engineer feels that he is not receiving 
his due, while the employer, if he thinks 
of it at all, concludes that if higher wages 
are not asked for there is no reason for 
giving them. Occasionally an engineer 
receives an increase in wages when he 
has shown, by strict attention to his 
duties, that he. has his employer’s inter 
ests at heart; but more often this is not 
the case, and as a consequence the engi- 
neer gives up doing his best, and decides 
to do no more than he is obliged to in 
order to hold his position. This, of course, 
is the wrong way to view the situation, 
but it is human nature. Often an engi- 
neer resigns to accept a_ better-paying 
position. If he has been worth more to 
his employer than he has been getting, an 
increase will be forthcoming, provided the 
business will stand it; but if he is allowed 
to go, he may rest assured that his em- 
ployer believes he has been worth no more 
to him than he paid him, and that another 
man as good, or even better, can be hired 
for the same amount. If the engineer is 
asked to stay at increased wages, does it 
not indicate that his employer has not been 
paying him what he knew he was worth, 
and therefore has been defrauding him? 





Furnace Heat Losses and 
Pressure Combustion 


There are usually assumed to be four 
divisions of the heat distribution when 
coal is burned in a boiler furnace. The 
chief item in the heat balance sheet is the 
heat put into the water and measurable 
in the steam produced. Next comes the 
heat sent away with the furnace gases, 


thirdly that lost by radiation from the 
setting walls and from the boiler itself, 
and finally, there is the loss by unburned 
fuel, but this loss is accounted for either 
by sifting out and burning the coal in 
the ashes or by allowing a deduction from 
the calorific capacity of the fuel. Sut 
there is a loss which is not allowed for; 
yet it is claimed to be a cause of heat 
disappearance and to be of distinct import 
ance and not merely an insignificant frac 
tion of academic value only. Let us see 
if this is so. 

When the calorific capacity of a com 
bustible is ascertained in a closed bomb 
calorimeter, heat is generated at constant 
volume; no work whatsoever is done by 
the heated gases. Heavy pressure is gen 
erated and the bomb is made strong in 
order that it may withstand that 
sure. It is different when 


pres 


very coal is 
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burned in a furnace at atmospheric pres 
In this case the air is supplied at a 
temperature which probably differs little 


sure. 


from an average of 60 degrees Fahren 
heit, or say 520 degrees absolute. It is 
of no moment in this connection to know 
to what temperature it is raised, but it is 
important to know the final temperature 
as the gases leave the boiler. 

To simplify the calculations, the final 
temperature may be assumed to be 580 
degrees Fahrenheit, or 1040 degrees abso 
lute; then the volume of the gas will have 
been doubled. In this brief discussion no 
attention need be paid to the disturbing 
effect of the hydrogen. It will suffice for 
the that the 
gases have the same volume as the initial 


argument to assume final 
gases at equal temperature, for the nitro 
gen of the air and any surplus oxygen 
pass away unchanged and each two vol 


umes of CQO. contain two volumes of 
oxygen. Approximately, therefore, the 
final and initial volumes bear to each 


other the ratio of the absolute tempera 
tures. .Assuming 18 pounds of air to each 
pound of fuel, there will be 19 pounds 
of products of combustion, or let it be 
called 20 pounds as a concession to, say, 
5 per cent. of hydrogen in the coal, and 
each pound of gas may be taken to meas 
ure 13 cubic feet at 60 degrees Fahren- 
heit, so that the total of 260 cubic feet 
becomes 520 cubic feet at leaving the 
boiler, having doubled its volume by the 
doubling of its temperature. 

But a gas cannot expand against a re 
sistance without doing work and losing 
heat. In this example, the expansion by 
260 feet must necessarily displace 260 
cubic feet of the atmosphere. This has a 
pressure of 2116.3 pounds per square foot, 
so that this square 
foot, has been thrust back a distance of 
feet, and 2116.3 550, 
238 foot-pounds of work. Expressed in 


778, 


pressure, Over one 


260 linear 260 


calorific units, / being this represents 


550,238 + 778 = 707 B.t.u., which have be 
come latent in expansion. They have 
been lost for all useful eifect upon the 
boiler Now, assuming the coal to hav 
a calorific capacity of 14,140 B.t.u., this 
is just twenty times the expansion loss, 


that loss amounts 


Were the gases reduced to 780 degrees 


so that to 5 per cent 


absolute or 320 degrees Fahrenheit, the 


loss would be halved. 
The loss in the best practice can rarely 
than 3 of the 


capacity of the coal used, but this does 


be less per cent. calorific 


not seem to be a very great amount on 


which to found a new system of more eco 
nomical combustion, such as is advo 
cated by those who advocate combustion 


carry out this idea fully, the gases would 


in a boiler furnace under pressure. 


not be allowed to expand by heat and 
therefore they rejected at a 
the 


escape 


would be 
that of 
allowed to 


pressure above atmosphere 
and push 


away the atmosphere in the act of doing 


and only 


work 
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The Steam Path of the Turbine 
—Dr. Steinmetz’ Rejoinder 


Referring to some of the criticisms of 
my paper: The reason.I chose the analyti- 
cal method is that experience has shown 
that an advance in engineering’ can be 
made by expressing the relation by the 
general law, even if the law is only ap- 
proximate. Deriving numerical values 
from plotted tables is suitable for the cal- 
culation of specific cases, but fails in the 
study of a general problem. Incidentally, 
the accuracy of numerical values derived 
from tables lies not in the accuracy of 
reading the table, but in the accuracy of 
the empirical data from which the table 
is calculated—and there is frequently a 
great difference between the two. 

Taking up the exception more in detail: 
lhe exponent a varies with the content 
of moisture, as can be easily seen, since 
when approaching 100 per cent. of mois- 
ture it must drop below the coefficient e. 
Within the range of moisture which comes 
into consideration, however, the variation 
does not exert any appreciable effect on 
the numerical values of the result, and 
the average value a= 1.126 is permis- 
sible. 

The expansion in the nozzle has been 
assumed as adiabatic, since a very exten- 
sive set of investigations on nozzle ex- 
pansions, extending over some years, has 
shown that the mean velocity of the steam 
jet issuing from a nozzle—as measured 
by the nozzle reaction—is within 2 to 4 
per cent., and the maximum velocity, as 
measured by an impact tube, coincides 
with the theoretical velocity, if the noz- 
zle mouth is proper for the pressure ratio. 
The velocity decreases slowly, that is, the 
expansion deviates from adiabatic, if the 
nozzle mouth is too small, and decreases 
rapidly if the nozzle mouth is too large; 
that is, over-expansion occurs. The ex- 
perimental results of S. L. Kneass have no 
hearing upon the subject, as his nozzles 
were holes in a wall, etce., but not steam- 
expansion nozzles, and a regular expan- 
sion, therefore, could not be expected, but 
destructive steam eddies could. 

As regards the incorrectness of the 
equations, Prof. S. A. Reeve is mistaken 
in asserting that equation (11) contains 
the assumption that S’=S. Equation 
(11) follows from (3) and (4) without 
any such assumption. Thus: 


Equation (3): 


nD 
po . Vz = Ss 
Kquation (4): 


1 

p*V=S'; 
at the point of intersection of these two 
curves, 


1 


p* L=S', (a) 


and, from (4) and (a): 
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1 1 
fp * Vamps V. (b) 
Dividing (3) and (b), gives equation 
(11), in which S’ is not made equal to S, 
but is 


= a ? 

S'= Yi ’ 
that is, S’ is a function of the pressure 
p> at which the adiabatically expanding 
steam reaches saturation. 

As regards the representation of super 
heat by “negative moisture,” this is an ap- 
proximation, justified in the practical case 
where the energy of superheat is relatively 
small by the experience that in passing 
through the saturation curve, the nozzle- 
ct., 
do not show a break in the curve; it is 
permissible until such time as we shall 
know more of the constants of super 
heated steam than is known at present. 

Regarding While the 
zero point of pressure may not be reached 


expansion curves, steam reactions, 


zero. pressure: 
by expansion any more than other zero 
points can be reached, as that of tem- 
perature, the introduction of zero points 
as virtual points toward which curves 
converge has been sufficiently justified in 
science and engineering to require no de- 
fence. The energy of expansion to zero 
pressure, and the velocity resulting from 
infin- 
ite, as assumed by Professor Reeve, since 
the 
molecular plus intramolecular energy, and 
the velocity that corresponds thereto. In- 
cidentally, it is an error to assume that 


such expansion, obviously cannot be 


this energy cannot exceed sum of 


the area between a curve and its asymp- 
tote is infinite. Such areas may be, and 
very commonly are, finite. For instance, 
in the curve y = &€—*, the area between 
axis as 


the curve and the + asymptote, 


from +=0 to ro, equals unity. 

In the expression of the specific heat of 
superheated steam, the temperature was 
not introduced, as investigations made on 


superheat showed ¢p to be independent 


of the temperature, within that range 
which is of engineering importance. This 
equation, however, can claim only very 
approximate accuracy. ° 


The adiabatic nature of nozzle expan- 
sions I have discussed already above. 

In the English system, expressing energy 
in foot-pounds per pound of steam, vol- 
umes in feet and pressures in 
pounds per square inch, the correspond- 
ing steam equations are: 


po Vo = 326 po'; 
p V = 326 p,' (2); 
E = 426,000 py ' \( _ )’ Fa iE 


a- 


cubic 


V = §220 po 


Editor Power: 


Will you kindly give me space in your 


columns to acknowledge my 


error in 








March 31, 1908. 


Steinmetz’ 


criticizing the algebra of Dr. 
paper on the Steam Turbine, in so far a: 
equations (11) and (12) were concerned / 


SipNEY A. REEVE. 





Conservation of The Nation's 
Water Power and Fuel 
Supplies 





The President recently appointed an In 
land Waterways Commission “to prepar 
and report upon” a comprehensive plan 
for the improvement and control of th« 
river systems of the United States.” Thi 
this follows 

3urton, chairman, Senato: 
Francis G. Newlands, Senator William 
Warner, Hon. John H. Bankhead, Gen 
eral Alexander Mackenzie, W. J. McGee 
IF. H. Newell, Gifford Pinchot, and Hon 
Herbert Knox Smith. 


personnel of commission 


Hon. Theo. E. 


The letter creating this commission 1s 
in line with other acts of the President, 
logically influenced by the consideration 
that the control of navigable waterway 
lying with the Federal Government car 
ries with it responsibilities and obliga 
broader and more 
than mere improvements to navigation. 


tions much inclusivé 
The inception of the commission was in 
response to the petitions of numerous 
commercial organizations of the Missis 
sippi valley; but in various addresses, the 
President has indicated a National policy 
of coordination of all of the natural 
water utilities. 

This action of the administration indi 
cates clearly a determination to conserv 
and restore to the people the water-power 
resources of the country. The following 
discussion will deal mainly with the ap 
plication of this policy to the water uti! 
ities; but the same logic and intention 
the fuel resources of thi 
country—where these have 
diverted 


applies to 
not already 


been to private gain—as_ the 


other great source of power. 
Tue Neep oF A COMPREHENSIVE PLAN 
The utilities of the rivers and stream 
so beneficently and abundantly distributed 
are manifold, and by no means limited o1 
even adequately represented by their nay 
Mor 


essentiall 


igability, present or prospective. 
these all 
iterstate—to employ a comparatively nai 
row, legislative term, because it is a f: 


over, utilities are 


miliar one, for an idea of National weight 
and bigness. 

A given stream may have potentialiti 
for navigation, for power development, f 
water supply for domestic and manufac 
turing purposes, for the irrigation of arid 
lands, and so on. In considering thes 
potentialities, two broad propositions com 
up. 

1. Cooperation: These utilities should 
naturally the benefit of tl 
people as a whole, not to the exclusiy 


accrue to 
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dvantage of any local group, either com- 
mercial or political. 

2. Codrdination: The utilities should all 
© developed, not only one or two of 

iem, and those of the different water- 
ways should be harmonized. 

The general proposition, when consol- 
idated, means efficiency for each and all 
of the utility developments, without over- 
lapping, conflict or duplication of engin- 
eering works, and with maximum benefit 
to the people. To illustrate: The naviga- 
bility and power development of a river 
properly go hand in hand, the improvement 
in both—dams, reservoirs, lakes, etc—being 
mutually helpful. Again, the classifica- 
tion of the water for the general supply of 

community goes hand in hand with the 
prevention of the continual loss of fertil- 
izing elements washed from the soil by 
run-offs (which is irreclaimable), and of 
destruction by occasional floods. Engi- 
neering plans of National rather than of 
local scope would prevent not only the 
present costly and wasteful duplication of 
water works and water purification plants 
of neighboring communities, but also the 
and destruction referred to. The 
utilities of the living waters of the country 
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are essentially interstate, and the commis- 
sion contemplates engineering plans broad 
enough to include and provide for them 
all. It might well be found that the ex- 
ploitation of the Mississippi river—itself 
interstate entity—for 
water works, by an expensive plant at St. 
Louis, Mo., and another at East St. Louis, 
Ill, for example, is uneconomical, from 
the National point of view. Again, it is 
obvious that the fouling of the Schuylkill 
river by manufacturing plants located up 
stream is something worse than uneco- 
nomical when it means the installation of 
filtration plant near its 
mouth in order that the Schuylkill water 
become reasonably potable for 
Philadelphians. 
All this calling attention to the need of 
cooperation and codrdination in the water 
utilities leads us to examine the one of 
these utilities that is of special interest to 
engineers: the development of power. 
The invention of the steam engine and 
its applications, at the beginning of the 
nineteenth century, were great events, be- 
cause they showed men how to develop 


xeographically an 


an expensive 


may 


power wherever there was fuel to be 
burned. The invention of the dynamo- 
electric generator, and the discovery 


that it was reversible, supplemented and 
crowned the work of steam by enabling 

to transmit power from one place to 
another. The electrical distribution and 

nsmission of power is an achievement 
of the last decade, or but little longer. It 
came late to help out a need created by 
‘own phenomenal growth. The enor- 
usly rapid settlement of our country, 

d increase in its productive capacity, 
have outstripped and are still gaining on 
the marketing capacity. 


1 


That is because 
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power is an essential factor not only in 


making the goods, but in bringing both 
them and the products of agriculture to 
market; and further, in transporting and 
distributing the of generating 
Up to a recent period, the 


means 
power itself. 
only 
was fuel—chiefly coal 


worth mentioning 


and the steadily 


power resource 
increasing drain on this one resource has-° 
hampered all of the three activities men- 
tioned, but the two last more than the 
first. That is, the railroads must have not 
only enough coal to transport the products 
of the factories, but to bring them coal 
as well; and when the yearly crops have 
to be moved, in addition, the burden be- 
comes intolerable. Symptoms of the re- 
sulting “railroad congestion” have been 
plentiful and increasing. For example, 
recurring local famines in staples, like 
cotton goods, are not uncommon in the 
Middle West, on account of sheer inabil- 
ity to provide transportation. 

Looking at another phase of the propo- 
sition, while the product of the northern 
interior States has doubled in ten years, 
railroad facilities in that territory have 
increased but one-eighth, so that trans 
portation by rail, whereby alone the gen 
eral market of the whole country can be 
reached, holds out but little hope of meet 
ing the demands of production. 

Thus we see that the railroads are clog- 
ged by having to transport fuel not only 
to supply their own motive power, but to 
supply power for manufactures; the prod- 
ucts of which, even without that handicap, 
they are scarcely able handle ade- 
quately. These two burdens, then, not 
only invite but demand the calling upon 
the water resources of the Nation to help 
manufacture and market the Nation’s pro- 
ductions; by supplying power to eke out 


to 


the fuel resources on which railroads and 
factories are alike dependent, and by pro- 
viding a system of transportation by water 
to complement and relieve the equipment 
of rolling stock and trackage. 


THe Water Power AVAILABLE 


A competent authority estimates that 
the water powers of the country, includ- 
ing the small fraction that is now in use 
and the amount still running to 
waste, would be equal in a single decade 
to all of the coal in the country now being 
mined and still in the earth to be mined. 

In the light of such staggering figures 
as these, the use of any of the rapidly dis- 
appearing fuel to operate locomotives, in 
a region suffering for fuel, but well sup- 
plied with natural water power, seems 
little less than criminal. The essentially 
interstate quality of the power utility of 
the neighboring streams should justify 
the Nation in protesting, in effective legis- 
lation, against such wanton and unneces- 
sary waste of a vanishing resource of the 
people. The there—abundant, 
well distributed, and constantly replen- 


large 


water is 


ished by the cycle of down-flow, evapora- 


tion and precipitation—and in the present 


Sit 





day of long distance, high-voltage hydro 
electric transmissions from large, highly 
efficient generating plants, burning coal 
for power is to be regarded as sheer ex- 
travagance, and the robbery of our im- 
mediate posterity. The spending of coal 
to obtain power in inherently uneconomi 
cal locomotives and small stationary steam 
plants is scarcely less reprehensible. 
The codrdination of the power available 
from the water resources of the country 
with the other utilities will operate to 
conserve and restore these resources of 
the people. ‘The need filled by the utiliza- 
tion of natural water power, in a region 
in which fuel is scarce and costly, has 
been demonstrated in several hydroelec 
tric transmission projects by the creating 
of a market for power, in localities in 
which, before the utility was developed, 
no market existed. An instance of this 
is the Catawba river 
South Carolina. 


power system in 


In CONCLUSION 

We have seen that this dependence on 
fuel as the of 
hitherto meant that transportation facili 
tics have not been able to keep pace with 
settlement and manufacture; or 


one source power has 


in other 
words that production has been seriously 
hampered by the cramping of ability to 
get to the market. On the other hand, it 
is becoming clear to engineers that the 
high-voltage, long-distance 
of water power, and perhaps, also, of the 
power of fuel burned at the mouth of 
the coal mine, lignite bed or oil well, will 
be in future a more economical method 
of distributing power than by carrying 
coal in freight cars. Here, then, is pre- 
sented an opportunity for the Govern- 
ment to take hold, in the interest of the 
people, of the great National utilities by 
of which the necessities of life 
are supplied. 

There can be little question of the busi- 
ness success that would attend codpera- 
tive coordinated dealing with the 
natural power utilities of water and fuel. 
The experience of the municipality of 
Los Angeles, where the entire bond issue 
of twenty-three million dollars, on what 


transmission 


means 


and 


was originally a mere city water-supply 
project, was carried by the profits of 
the power-development end of the enter 
prise, is enlightening. If any more light 
were needed, it is to be found in the load 
ing of the calendars of the State and 
National legislatures with bills conferring 
special privileges in these utilities on pri- 


vate corporations—a matter that was 
touched upon in a_ recent editorial in 
Power.* 

The transcendent importance of the 


restoration of water powers, in their most 
efficient development, to public control— 
and of fuel resources as well, as far as 
still be practicable—will doubtless 
raise sooner or later the question which 


may 


*“Government Control of Motive Powers,” 
p. 639 of the September issue. 
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is inevitably brought up with every meas- 
ure of National importance, of whether it 
is expedient for the Government to ad- 
minister them. Here again, it may be 
reiterated that the codrdination of water 
utilities is essentially an interstate propo- 
sition. There’ is no question of constitu- 
tionality involved. The existence of vast 
power resources in the coal deposits and 
in the living waters of the country was 
not one of the concepts of the fathers of 
the Nation. On the other hand, it is be- 
coming clear to the political sense of the 
country that these utilities, by the abund- 
ance or lack of which commerce thrives 
or perishes, are as proper to be regulated 
for the benefit of the whole people as the 
ways and means that were known when 
the constitution was adopted. The fram- 
ers of the constitution allotted and re- 
stricted other utilities, but the develop 
ment and transmission of power were 
alike undreamed of. Hence, what is not 
allotted or prescribed belongs to the whole 
people, and it is a legitimate function of 
the Government to restore and secure 
-their title. 

Government administration, not Gov- 
ernment ownership, is the issue: the con- 
serving of the property of the people, but 
not by a transfer of monopolistic control 
from private corporations to the Govern- 
ment, either Federal or State. The water 
utilities are a possession of the whole 
people, and as such are to be administered 
by Federal or State governments, or by 
both, but never alienated. Whatever may 
have been the necessities of attracting 
enterprise in the earlier formative period 
of the country, in the present stage of our 
National growth, when power adequately 
distributed is urgently needed to restore 
the balance between transportation and 
production, it is both patriotic and busi- 
ness-like to support measures that seek 
to retain an interest for the people as a 
whole. 

The idea of Government control of 
water and fuel utilities for the benefit of 
the Nation is of transcendent greatness. 
The financial and physical machinery by 
which this result may be secured is of 
subordinate importance. It is a matter 
for the wisdom of Congresses ‘and State 
legislatures. As an interstate proposition, 
joint Federal and State administration 
might reasonably obtain; and any money 
made from the codrdinated project, under 
such joint administration, might be con- 
verted into the National treasury, or—as 
in the Reclamation Service—into a special 
fund. 

The natural water powers, electrically 
transmitted, should not go the way that 
the coal resources of the country have 
thus far gone—into the coffers of private 
interests, or into the treasuries of sepa- 
rate communities, at the expense of the 
Nation as a whole. 


To grasp the full importance of the 
subject, a fundamental difference between 
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the two sources of power—flowing water 
and fuel—should be kept plainly in view. 
The control of the latter has already 
largely gone from the people. It was 
given up by them as a temporary expe- 
dient to the mechanical conquest of the 
country; and even so the fuels themselves 
will have lasted only temporarily. Within 


‘perhaps half a millenium the coal will 


have done its work for our civilization 
and vanished. But when all the coal and 
oil and natural gas are gone, the water- 
powers will still be here. It is a per- 
manent possession, destined to last as long 
as the terrestrial mechanism endures. 





High-pressure Fittings 





By WILLIAM F. FISCHER 


High-pressure fittings, where used in 
connection with superheated steam, are as 
a general rule made of steel castings, as 
cast iron does not seem to be reliable, and 
does not stand the action of the super- 
heated steam nearly as well as does cast 
steel. 

Fig. 1 represents the flange and part of 
the body of a cast-steel tee which is sub- 
jected to 200 pounds steam pressure, 
superheated 100 degrees. The fitting is 
14 inches internal diameter, with a %- 
inch raised face 18% inches in diameter 
at the face of the flange. This is faced 
off true, and the joint is either ground or 
made up with a gasket. 

The diameter of the bolt circle, out- 
side diameter of the flange, and number 
and size of the bolts are usually made 
according to the standard dimensions 
selected and known as the Master Steam- 
fitters’ Standard, or the Manufacturers’ 
Standard drilling for extra-heavy and 
standard-weight flanges. This can be 
found in nearly any manufacturers’ 
catalog of valves and fittings, or in Kent’s 
pocketbook, pages 192 and 193. The outer 
edge of the raised face comes approxi- 
mately 1/16 of an inch inside of the bolt 
holes. Many concerns, electric stations, 
etc., have adopted their own standard for 
drilling, etc. 


PRESSURE ON Botts 


The following article is intended to 
show in a simple manner the method of 
calculating the strength of such a fitting, 
size of bolts, etc. These fittings are 
usually tested to 1000 pounds per square 
inch hydraulic pressure. See Fig. 1. 

The total pressure tending to open the 
joint = 

P=AP,= DX ost x Pi, 
where 
A = Internal area of fitting (square 
inches) ; : 
P,= Internal fluid pressure (pounds 
per square inch); 
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D = Internal diameter of fitting. 
Then 
P= AP > of x ogee x 
= 154,000 pounds. 


1000 


There are 16 bolts spaced evenly on a 
20-inch bolt circle. “Then the tension in 
each bolt due to the internal pressure 

P 
equals leary where n equals number 
of bolts, and 


T= en = 9625 pounds, 
or 
T = APL ; 


nu 


There is an additional tension required 
in each bolt to keep the joint tight under 
pressure. This is an unknown quantity, and 
as there is no means of calculating the 
exact tension put in a bolt by a steam fit- 
ter when making up the joint, the de- 
signer is compelled to use his own judg 
ment in such matters. After the fitting 
is erected in the line and steam is turned 
on, it is subjected to vibrations, expan- 
sion, and contraction, and very often 
bending strains, due to spacing hangers 
too far apart, all of which tend to spring 
the bolts and cause the joint to leak. 

Steam fitters are usually blessed with 
strong arm muscles, and if the joint leaks 
under pressure they will screw away on 
the bolts until the joint is tight, without 
calculating how much force at the end of 
a wrench it requires to strip the threads, 
or damage the bolt. Of course a careful 
man will consider this, but the main object 
is to keep the joint tight. As a fair aver- 
age it would seem that a pressure of 150 
pounds per square inch on a gasket after 
steam is turned on would keep the joint 
tight. 

Let this pressure equal P: and the gas 
ket area equal A; then 


A = (D*, X 0.7854) — (D* X 0.7854) = 
(18.5* X 0.7854) — (14? X 0.7854) 
= II5 square inches. 


Then A P2= 115 & 150 = 17,250 pounds = 
total (probable) pressure on the gasket due 
to making the joint tight against internal 
pressure. This divided by the number of 
bolts gives the additional tension in each 


bolt. Let this tension equal 7:, then 
_ AP, _ 17,250 
7, = _ 1078 pounds, 


and the final tension T: in each bolt be 
comes 7, = T X T: = 9625+ 1078 = 10703 
pounds. Taking the allowable safe stress 
in pounds per square inch on each bolt as 
12,000 pounds, 


T; 


_ #s.__ 785 
12,000 


12,000 seas 


square inches equals area required at the 
root of the thread. A 14-inch bolt has 
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n area of the root of the thread of 0.85 
quare inch. Therefore, sixteen 14-inch 
Its are required. 


STRENGTH OF FLANGE 


Having found the total tension 7». in 
ach bolt, we are now ready to calculate 
ie strength of the flange, or in this case 
‘he thickness. The pull in one bolt, or the 
ension T2, tends to break the flange along 
he edge of the raised face, as shown at 
‘x, Fig. 3. Here 72 represents the pull 
n one bolt, acting through the center line 
if the bolt, and L is its distance from the 
edge of the raised face. From Fig. 1, L 
is found to be 


(20 — 18.5) 


= X inch. 
= % 


Then 72 ZL equals moment tending to bend 

break the flange through xx, or to 
put it more simply, the bending moment in 
nch-pounds. See Figs. 2 and 3. Again, B D 
equals the area of the metal, or area of 


22%” Outside Diam, : 








Circle 
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- 67,2 o. 8228 
f BD} tiles Br 
and 
ii 67,2 


\ Bf - 

Substituting for 7», L B, their 
values as found above, and taking f for 
steel castings as about 6000 pounds, 


and 


6 


J 


equals thickness of flange. 

The internal fluid. pressure also tends 
to burst the fitting through the body t. 
See Figs. 1, 2 and 3. 


10,703 X 0-75 
3.6 X 6000 


D= 


= 2} inches 


BurSTING PRESSURE 


The total bursting pressure equals P; D 
where P; equals internal pressure in pounds 
per square inch as before, and D equals 
inside diameter of fitting. The area of 
the metal resisting the bursting pressure 
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The stress in pounds per square inch 
f:, which the body of the fitting is sub- 


jected to, due to the working pressure 


D Pu 
2¢ 


equals f; Where Pw equals 
the working pressure in pounds per square 
inch. Then 

, 14 X 200 
J = 
: 2x 1,8,” 
pounds per square inch. 


STRESS PER SQUARE INCH 


The stress in pounds per square inch 
which the flange is subjected to, due to 
the working pressure, equals 


= SP Lh 
_ Dees re * 


where L, B and D are the same as above, 
and P, equals pull in one bolt due to the 
working pressure, and to the tension, 7;, 
in each bolt to keep the joint tight against 
the pressure. 7:1, as found above, is 1078 
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the section tending to be broken by one equals 2¢t, and 2¢f equals the stress in P= A Pw +7 
‘ oe . —=eNCl—UL 1» 
bolt, where B equals the breadth and D_ the ring of metal resisting the bursting n 


equals the depth of the section. Then 
8 is measured on the outside circumfer- 


ence of the raised face, and is equal to 


D,m _ Dy, X 3.1416 _ 18.5 X 3.1416 
mo n ot 16 
= 3.6 inches, 
vhere n equals number of bolts. 


he inertia area of the section, or the 
: B D* : 
ction modulus = Let f equal 


fe allowable stress on the metal in pounds 
r square inch. Then the moment tend- 
g to resist the bending, or the resist- 


B D? : 
g moment = f — 6 and the bending 
oment equals the resisting moment. 
herefore 
« a. 5 B D? 
1 taf ef 
6 6L 





pressure, where ¢ equals thickness of body 
and f equals 6000, as before. 


Then 
aif 
P, D=2tf and 2) = —,— 
D P, _ DP, 
i 2f f=—F7 
Figuring for 
ioc D P, _ _14 X 1000 
~ 2f — 2X 6000 


1,8; inch, neariy. 


So far, the calculations have been made 
to design the fitting to be safe against 
a pressure of 1000 pounds per square inch. 
When the fitting is in the line it is sub- 
jected to a pressure of 200 pounds per 
square inch, or one-fifth the test pressure 
equals working pressure. 


where A equals the internal area of the 

fitting as before, or D® <X 0.7854, and n 
equals the number of bolts, and 

154 X 200 

P 54 X 200° 


+ 1078 = 1925 


pounds per square inch. 

This seems rather small, but it must be 
remembered that when the fitting is in the 
line it is subjected to other strains, such 
as vibration, expansion, contraction and 
bending strains, and for this reason it is 
a good plan to design all such fittings for 
Most engi- 
neers’ specifications call for this test. 

Owing to the straining action on the 
bolts due to screwing up, no bolt should 
be used for this class of work under %- 
inch diameter, unless for very small fit- 
tings. According to the A. M. S. E. and 
Master Steam Fitters’ standard, %-inch 
bolts for from 2 to 3% 
inches inclusive, for 200-pounds pressure. 


1000 pounds per square inch. 


are used Sizes 





Inquiries 


Questions are not answered unless they are 
of general interest and are accompanied by 
the name and address of the inquirer. 








Stress on Bolts 


I would like to know the rule for figur- 
ing the safe working pressure or stress 
on steel or iron bolts. 

B.S: 

There is no fixed rule that can be ap- 
plied to all cases. A bolt that is subject 
to shocks or blows should have a much 
higher factor of safety than one which 
is only subjected to a steady strain. For 
cylinder-head bolts an allowance of 10,000 
pounds per square inch of area at the 
bottom of the thread is considered by 
some designers to be sufficient, while for 
steam-pipe flanges the stress calculated 
per square inch of area at the bottom of 
the thread, at 200 pounds pressure, varies 
from 825 pounds to 6090 pounds. 


To Figure Horse-power Shown by Prony 
Brake 

Can you tell me the horse-power shown 
by the Prony brake under these condi- 
Distance from the center of the 
shaft to the point of support of the lever, 
38.5 inches; pressure on the scales, 22. 
pounds; revolutions of the shaft, 187 per 
minute? 


tions: 


Ss ER 


The lever, if allowed to revolve, would 
describe a circle 77 inches in diameter, 
or 241.9 in circumference, and 
would travel at a rate of speed equal to 
187 X 241.9 inches, or 3769.546 feet per 
minute. The lever is prevented from rotat- 
ing by a pressure of 22.9 pounds. This 


| 
[ 


inches 


m|— sia 


22.9 Lbs. (=O 
187 R.P.M. 
— “a 


— 1 








TO FIGURE 


HORSE-POWER SHOWN BY 
PRONY BRAKE 


multiplied by 3769.546 gives 86,229.03 foot- 
pounds per minute. A _ horse-power is 
equal to 33,000 foot-pounds per minute, 
and dividing 86,229.03 by 33,000 we have 
2.613 horse-power shown by the Prony 


brake. 
Area of Diagrams with Changes in Valve 
Setting 
Will you please tell me why I can carry 
the same load with a lower steam pres- 
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sure when I get a diagram, Fig. 1, than I 
can when I get diagram Fig. 2? 
TG. 

Fig. 1 shows less area than Fig. 2. The 
inference is that there must have been less 
load on the engine when No. 1 was taken. 
Lead and compression being removed in 
diagram No. 1, there was slightly less 
friction to be overcome when the crank 
passed the centers. With less engine fric- 
tion the total load would be less and a 











— 
a 
FIG. 2 
lower steam pressure would drive the 


engine. 


B.t.u. Required to Convert Pounds of 
IVater into Cubic Feet of Steam 
How many B.t.u. are required to con- 
vert 25 pounds of water at 30 degrees 
into 109.6 cubic feet of steam? 

H..G. 
the problem it is 
necessary to assume that the steam is dry 
If 25 pounds have a volume of 


In order to work 


saturated. 


| 

| 

| 
Cooking Return 
\ 
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) ——— + aj 
Cooking Return | 
Tank 


= 

















RETURNING 


109.6 cubic feet, one pound will have a 
volume of 
109.6 —- 25 = 4.38 cubic feet. 

Looking down the column of. specific 
volumes in a steam table, it will be found 
that steam has a volume of 4.38 cubic feet 
per pound when it is at a pressure of 
100.58 pounds per square inch and at a 
temperature of 328 degrees Fahrenheit. 

To make a pound of steam from water 
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of 32 degrees requires 1182 British ther- 
mal units (given in the same table). If 
the water were at 30 degrees (what would 
keep it from freezing?) it would require 
two heat units more, 1184 per pound, or 
1184 X 25 = 29,600 in all. 

If you mean 25 pounds of ice at 30 de- 
grees, there must be added to the 1182 
B.t.u. required to convert a pound of 
water at 32 degrees into the steam in 
question the heat necessary to raise a 
pound of ice from 30 to 32 degrees, and 
to melt it. It takes 0.504 B.t.u. to raise 
the temperature of a pound of ice one 
degree, and about 142 B.t.u. to melt it, so 
that it would take 


2X 0.504 + 142 = 143 B.t.u. 
to change a pound of ice at 30 degrees 
into water of 32 degrees. Adding this to 
the heat necessary to convert a pound of 
water at 32 into steam we have 
1182 + 143 = 1325 B.t.u. 


per pound, or 1325 X 25 = 33,125 in all. 
Returning Drips Under Different Pres- 
sures 

We have a large heating plant in a 
building with three ells. The building is 
heated with steam at 30 pounds pressuré 
and the returns go to a closed tank from 
which the water is pumped to the boiler 
are other returns from the hot- 
heaters, cooking apparatus, 
which go to the sewer. We wish to save 
these and return them to the boiler. | 
have thought of venting the closed tank, 
thus making it an open tank and then put 
ting the other returns into it. Can you 
give me some suggestions as to how to 


There 


water etc., 


proceed ? 
E. ©. ®. 
from the heating-system 


The returns 


Heater Return 


Heater Return 


Tank 


Steam Trap 
< 


B | 





; 


DRIPS UNDER DIFFERENT PRESSURES 


tank can be trapped to another tank coi 
nected to an automatic pump and the low 
pressure run into this tank, 

shown by the accompanying illustration. 


returns 





On Thursday, March 5, a boiler, sai 
to be over 30 years old, exploded in 
sawmill at Stumptown, Mo., destroyin: 
the mill and projecting portions of itseli 
some 300 feet. No cause, other than ol 


age, is assigned. 
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Power Plant Machinery and Appliances 


Original 


Descriptions of 


Power 


No 


Manufacturers 


Cuts 





or 


Devices 


Used 


Write-ups 





MUST BE NEW OR 


The Emerson Steam Pump 





The idea of raising water by the con- 
densation of steam in a chamber, and then 
forcing it to a still higher level by the 
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EMERSON 


STEAM 


PUMP 


direct pressure of steam on the surface 
of this water in the same chamber, origi- 
nated with Capt. Thomas Savery, who in 
16908 patented his celebrated “fire engine.” 
In operating Savery’s engine one cylinder 
was filled with steam, the steam valve was 
closed by the operator and a spray of 
Water was then injected into the steam. 
This produced a vacuum which threw the 
into the cylinder and then steam 


INTERESTING 





pressure was applied, forcing the water 
out. The application of the steam directly 
to the water resulted in excessive conden- 
sation and the continual services of a man 
were needed to operate the steam valve. 
A great sale was built up for this pump 
until Newcomen’s atmospheric engine re- 
placed it and piston pumps began to come 
into the field. These presented a large 
advantage in the fact that they allowed 


the steam to be used expansively. No 
progress was made in vacuum steam 
pumps for nearly two hundred years, 


when in 1872 and 1881 Charles Fall pat- 
ented the pulsometer. 

The Emerson steam pump, illustrated in 
section in the accompanying engraving, is 
a later development of the pulsometer. It 
is especially adapted for use in contrac- 
tors’ work where portability and the abil- 
ity to handle liquids charged with grit 
are called for, but it is used in 
plants for the handling of condenser water 
and other purposes to a degree which will 
enlist the interest of Power readers. The 
water comes in contact with only four 
valves, two in the suction and two in the 
discharge pipe, and as these are ordinary 
flat-seated rubber valves they do not wear 
and get out of order easily where gritty 
water is being pumped. 
are no stuffing-boxes, no plun- 
pistons nor other moving parts, 


power 


There 


gers, no 


such as cause trouble in reciprocating 
pumps when used for pumping dirty 
water. The valve controlling the admis- 


sion of steam to the cylinders is situated 
in the top of the pump, where it is not 
reached by the gritty water and where it 
is protected by the body of the pump from 
pieces of flying rock during blasting. 

On account of the absence of reciprocat- 
ing parts, there is little vibration of the 
pump so that it can be hung from a rope 
while working, permitting of easy hoisting 
or lowering. It is also somewhat lighter 
than a reciprocating pump of the same 
capacity. As no steam is exhausted into 
the air, the pump is especially adapted for 
use in shaft work where such exhaust 
would be objectionable. Pulsometer pumps 
can be worked when nine-tenths  sub- 
merged. There is cut-off upon the 
pump, but after the volume of water gets 


no 


into motion the pressure is reduced very 
materially owing to the contracted open- 
ing so that only the pressure of steam 
necessary to pump against the given head 
is used. It is made by the Emerson Steam 
Pump Company, of Alexandria, Va. 


Milliken Galvanized-steel Poles 
for Electric-power Trans- 
mission Lines 





The Great Western Power Company, of 
California, has adopted the Milliken pole 
for carrying its high-voltage power-trans- 
mission lines. It is intended eventually 
to carry these lines a distance of about 
1000 miles. The power is transmitted on 
two circuits of three wires each, carrying 
currents at 100,000 volts. The pole is pro- 
vided with three cross-arms, it being in- 
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MILLIKEN GALVANIZED-STEEL POLE 


tended to support a feed-wire from the 
outer end of each cross-arm by suspended 
insulation. The top of the pole is 


ar- 
ranged to take a guard wire. The poles 
are intended to be set about 750 feet 


apart. The illustration shows a view of 
the pole at right angles to the cross-arms. 
The bottom of lowest cross-arm is 51 feet 
2 inches above the ground level, the sec- 
ond cross-arm is 10 feet above the first 
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and the third cross-arm is 10 feet above 
the second. The extreme top of the pole 
carrying a guard wire is 5 feet I inch 
above the bottom of the highest cross- 
arm. The feed-wires are 17 feet I inch 
from each other horizontally on the upper 
and middle cross-arms, and 18 feet I inch 
on the lowest cross-arm; all feed-wires 
are 6 feet 5 inches from the nearest part 
of the pole proper, measured in a hori- 
zontal direction. The bottom of the pole 
at the ground level occupies a base 17 feet 
square. The stub ends, or portions of the 
pole in the ground, are separate pieces of 
steel and are of such length as to allow 
6 feet for bedding in the ground. 

The pole is constructed entirely of 
structural steel shapes and is designed to 
follow the theoretical stresses and have 
given strength and stiffness with the 
minimum amount of material. All of this 
material, except bolts and nuts, is galvan- 
ized by the hot process before shipment, 
and after all the shop work has been done. 
Very complete and careful tests of the 
strength of these poles were made before 
their regular manufacture was started. 
The pole was erected in a vertical position 
on an immovable concrete foundation. 
The strains were applied by means of 
weights hanging from a fixed structure, 
and the amount of load and deflection 
were easily determined. The pole was 
designed to, stand the following tests: 

When tested in a vertical position, on 
an immovable foundation, and with a 
proper margin of safety, a simultaneous 
horizontal side pull of tooo pounds at the 
top and 2500 pounds at each of the three 
cross-arms, or a total strain of 8500 
pounds. The cross-arms were designed to 
support a suspended weight of 1000 
pounds at their extreme ends, and any one 
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Reversible 
Metal Disk 


Section of Disk- 
Box and Stem 


of the cross-arms is expected to carry a 
one of these ends a horizontal pull par 
allel to the line of 3000 pounds. 


t 


The receivers of Milliken Brothers, 11 


Broadway, New York City, are manufac- 
turing these poles at Milliken, Staten 
Island, N. Y., where complete arrange- 
ments have been made in the bridge and 
structural shops for getting out this par- 
ticular class of structural work. 
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Hart Valves and Compression 
Bibbs 





The novel feature of the new types of 
valve shown in the accompanying illus- 
trations is the disk, which is reversible. It 
is made of bronze metal, and when both 
sides are worn it can be taken out and 
faced off on a piece of emery cloth placed 


)) 





/ 


j 


me 
S 
S 
S 
S 
“ 


ANY 











‘Siaeeaen anal } A 
i——I —; ¥ " 
Reversible Ye. j Section of Disk- 
Metal Disk } ———¥ | Box and Stem 
—? 
= 









. 








FIG. I 


over a smooth, flat surface; the valve 
seat can be refaced as in the case of 
other valves. It will be seen that an- 
other of the characteristics of this valve is 
that the globe- and check-valve features 
are combined; that is, the disk, being in- 
dependent, wi'’ drop to its seat when the 
pressure comes on the top side, regardless 
of the position of the valve-spindle. The 
check will work in whatever position the 
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FIG. 3 


valve may be connected, and is said to be 
When the valve is placed in a 
steam line, it is necessary, of course, to 


positive. 


so place it that the pressure will come 
under the disk, so that the valve may be 
opened. This type of valve can eliminate 


the check-valve of ordinary types used in 
pipe construction under certain conditions. 

It is also worthy of notice that the 
valves have a large packing area in the 
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bonnet, and that the buttress thread is 
used in both types of valve shown in 
Figs. 1 and 2, for the reason that the 
wearing strain is all on one side. 

Fig. 3 shows a compression bibb em- 
bodying the same idea in the disk 
shown in the two valves. By means of a 
convex surface inside of the disk-box any 
cocking of the stem to one side, if such 
should occur, will be taken up, thus allow- 
ing the disk to seat itself true. The dis- 
tance-box is surrounded with holes or 
ports, to allow the water to pass out when 
opened. The bonnet is made high to form 
a stuffing-box which admits of socket 
packing, together with ring packing, to 
prevent ‘steam leaking around the stem. 
The traveling thread in the stem is of the 
heavy, square type. These bibbs are made 
for hot and cold water, and in various 
styles. Both devices are products of the 
Hart Valve Company, Williamsport, Penn. 
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“Air Eductor’’ for Barometric 
Condensers 





In Fig. 2 is shown what is called an air 
eductor, which has been designed to re- 
move air from the air chamber of a baro- 
metric condenser, without the use of an 
air pump, by creating a lower pressure in 
the tail-pipe than exists in the condenser. 
This lower pressure is attained by the 
kinetic energy of the descending water 
in the tail-pipe. As may be conceived, 
when in operation the velocity is greatest 
and the pressure lowest at the throat of 
the eductor, therefore connection is made 
between the air space in the condenser, 
where the air accumulates, and the an- 
nular chamber in the throat of the 
eductor, so that the air may be drawn 
down by the descending stream of water 
and carried down the tail-pipe. Fig. | 
shows the general arrangement of the 
device as connected to the usual type of 
barometric condenser and the method of 
making the connection between the con- 
denser and the throat of the eductor. 
Fig. 2 is a sectional drawing of a con- 
denser with an air eductor attached. 

If centrifugal pumps are used to fur 
nish the injection water, and the capacity 
is limited so that they will only throw 











water over into the condenser head after 
a partial vacuum has been obtained, by 
the use of the eductor, it is stated, it is 


only necessary to have one air pump piped 


to all the condensers, to start them with, 


because after the water has been 


dis- 


charged in the condenser head the air 
eductor is intended to take care of the 


further operation of the condens 

Where centrifugal pumps are connected 
with either electric motors or variable- 
speed engines, the speed of which can be 
increased in starting to enable them to 
throw the water over into the condenser 
head, or where the usual type of low-ser- 
vice steam pump is used, the speed of 
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which can be varied to suit the require- 
ments of the condenser, it is said that no 
air pump is necessary, because the air 
eductor will maintain as high a vacuum in 
a barometric condenser as can be obtained 
by an air pump, with a minimum amount 
of water being used for condensing pur- 
poses, and with no cost for maintenance. 
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FIG. 2. SHOWING AIR EDUCTOR 

As the air eductor becomes a portion of 
the tail-pipe of the barometric condenser, 
it is only necessary to remove one section 
of the usual tail-pipe in order to insert 
the eductor in a condenser now in opera- 
tion. The device is made by W. K. 
Mitchell & Co., Philadelphia, Penn. 











braaemn It is estimated 
that 150,000 acres 
are required each 


year to grow timber 
for the 
mines 


anthracite 
The 
average life of an 
untreated mine prop 
is not than 
three years. By 
proper preservative 


alone. 


more 











FIG, I. 








CONDENSER, WITH AIR EDUCTOR ATTACHED 


treatment it can be 
prolonged by many 
times this figure. 
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The Atwood and Morrill Steam 
Trap 





A new steam trap, manufactured in two 
sizes by Atwood & Morrill, Salem, Mass., 
and shown herewith, is designed to oper- 
ate on any pressure up to 150 pounds, 
and in the low-pressure type up to 30 
pounds. The trap is furnished with air 
and drain cocks and a water gage which 
indicates at all times whether the trap is 
operating properly or not. It is also 
equipped with a hand by-pass by which 
the valves can be held open if desired. It 
is water-sealed to prevent steam from 
blowing through. The inlet on top and 
the outlet on each side at the bottom are 
arranged so as to make convenient con- 
nections. 

The trap is simple in construction, has 














STEAM TRAP 


few working parts and these are prac- 
tically frictionless. The parts are acces- 
sible, and the delivery may be elevated 
above the trap, if desired. 





The Loew Manufacturing Company, of 
Cleveland, O., has revised “Victor” 
pipe machine so that the 1908 model is 
sufficiently strong and durable to with- 
stand the same hard service to which 
all lathe-bed machines are subjected. The 
revisions comprise an 8-inch increase of 
length of base, considerable increase in the 
diameter and the bearing surface of the 
head, and the placing of a new oil pan on 
the machine. About 450 pounds of cast 
iron have been added to the construction 
and it requires about one horse-power to 
drive it at full load. 


its 





The Pratt Institute Electrical Associa- 
tion is enjoying a series of interesting and 
profitable meetings. On March 20 the 
association was addressed by H. H. 
3arnes, Jr., consulting engineer of the 
General Electric Company, on “The Curtis 
Steam Turbine.” On March 23, W. S. 
Barstow, of the Barstow Engineering 
Company, delivered an address on “Com- 
mercial Engineering.” The next meeting 
is to be held on April 6, at 3 p.m., when 
W. F. Wells, general superintendent of 
the Edison Electric Illuminating Com- 
pany, will speak on the “Brooklyn Edison 
System of Generation, Transmission and 
Distribution.” 





Personal 





Kenneth G. Smith has resigned as shop 
superintendent for the Kerr Turbine 
Company to take charge of the mechani- 
cal-engineering work in the extension de- 
partment of the University of Wisconsin. 





Business Items 


The management of the Weber Steel Con- 
crete Chimney Company, of Chicago, an- 
nounces that owing to the company increas- 
ing its field of activity in taking on other 
kinds of plain and reinforced concrete con- 
struction work, in addition to chimneys, it 
has been decided to change the name of the 
company, so that hereafter it will be known 
as the Weber Company. 

The Buckeye Boiler Skimmer Company, 
South End, Toledo, Ohio, recently installed 
one of its boiler skimmers in a dredge for the 
Central Dredging Company, of Cleveland, 
Ohio. The superintendent, H. B. Whitney, ot 
Swea City, Iowa, reports as follows regarding 
the skimmer: ‘“‘Washed dredge boiler after 
three weeks’ run. No mud or scale, and 
could have run three weeks longer. Our 
usual run was five to six days. The skim- 
mer is a complete success.” 





Help Wanted 


this head are in- 
About six words 


Advertisements under 
serted for 25 cents per line. 
make a line. 

AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago. 


WANTED—Reliable manufacturers’ agents 
to handle the Riblet Transverse Current Feed 
Water Heater. Liberal terms. Address The 
Riblet Co., Erie, Pa. 

WANTED—Man for —— and testing 
recording watt meters; also, familiar with 
a. c. and d. c. arc machines ; state experience, 
salary required, and give references. 

WANTED—tTerritorial agents and _ sales- 
men on liberal commission to demonstrate to 
users a high-class hydraulic packing. Address 
Carmichael & Haas, 109 Liberty St., New 
York. 

WANTED—An_ engineer, thoroughly fa- 
miliar with Curtis turbines and auxiliaries, 
electric switchboard, ete.; state experience 
and give age and references. Address P. O. 
Box 17, Pawtucket, R. 


SALESMAN for your State for remarkable 
fuel and Jabor- saving device for boilers sell- 
ing for $50. Over 20,000 in use in the U. S. 
and Canada. Also hardware salesman to 
earry as side line our wonderful newly pat- 
ented spirit level. Diamond Power Specialty 
Co., Detroit, Mich. 


Situations Wanted 


Advertisements under this head are in- 
serted for 25 cents per line. About siw words 
make @ line. 

MECHANICAL DRAFTSMAN wants a po- 
sition. Box 48, POWER. 

SITUATION AS FIREMAN with chance of 
advancement wanted; two years’ experience ; 
strictly sober. Box 41, POWER. 

ENGINEER will pay $50.00 commission to 
anyone who secures or helps him secure a 
position as engineer, assistant engineer or 
station man in Rocky mountains or West. 
Box 44, POWER. 


WANTED—Position as chief engineer; 20 
years’ experience with compound, triple ex- 
pansion engines and turbines, a. ¢c. and d. c. 
generators; will go any place; wages $125 
per month; references given. Box 45, PowEr. 


WANTED—Position by graduate electrical 
engineer; nearly six years’ experience in the 
manufacture, testing and erection of elec- 
trical machinery, steam turbines, and en- 
gines; prefers position with consulting and 
contracting firm or electric railway company. 
Box 42, POWER. 


WANTED—Position as chief engineer in an 
electric plant of large size; graduate of 
American School of Correspondence; strictly 


POWER 


temperate; industrious; can give good refer- 
ences; 30 years old and hold first-class li- 
cense; Eastern States preferred. Box 46, 
POWER. 


SUPERHEATED STEAM ENGINES—Me- 
chanical engineer, 15 years’ experience, wants 
position as designer to introduce a new type 
of the most economical piston-valve engines 
with precision distribution for the use of 
superheated steam of high pressure, 150 
revolutions per minute. Box 47, Power. 


WANTED—Position as superintendent or 
chief engineer of large central generating 
station and sub-stations; have had extensive 
experience installing and operating large 
power station machinery ; am expert in burn- 
ing small sizes of anthracite and can guar- 
antee very economical operation; excellent 
references; employed but desire change. Ad- 
dress “A. B.,’”’ Power. 

POSITION WANTED as assistant superin- 
tendent or chief engineer of a light and 
power company of steam, water or gas. Am 
a technical man with eight years’ experience 
in central station construction and operation ; 
expert on all meter work, armature winding 
and repairs. Am at present employed but de- 
sire a change. Western States or Mexico 
preferred, but will go abroad. Box 37, Pownmr. 

WANTED—Position by mechanical engin- 
eering graduate of a leading Western uni- 
versity; twenty-nine years old and single: 
ean do indicating and mechanical drawing; 
two years’ experience as assistant superin- 
tendent of machinery for company operating 
eighteen iron mines; three months as assist- 
ant superintendent of a lead and zine mine; 
lost position by shutting down of latter; will 
accept any good mechanical work; best ref- 
erences. Box 43, POWER. 


Miscellaneous 


Advertisements under this head are in- 
serted for 25 cents per line. About six words 
make a line. 

A large company in England is just mar- 
keting a new improved mechanical stoker 
and water gas generator. Inventor has re- 
tained U. S. patent rights and wants partner 
to join him in manufacturing it. For inter- 
view and particulars address Box 39, POWER. 

Have a non-poisonous compound that will 
absolutely prevent incrustation and corrosion 
of boilers. - Used by British Admiralty, Rus- 
sian and French governments and principal 
English railroads. Have bought American 
rights and want partner to help market same 
in U. S. For samples and particulars ad- 
dress Box 38, POWER. 


For Sale 


Advertisements under this head are in- 
serted for 25 cents per line. About six words 
make @ line. 

150 HORSE POWER “tandem compound 
Corliss engine; in good order; 16-ft. _ fly- 
wheel. F. W. Iredell, 11 Broadway, New York. 
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Valve Setting for the Greene- Wheelock Engine 


Description of the Wheelock Valve-gear, with the Greene and Hill 
Modifications, and Detailed Directions for Adjusting and Setting It 





BY 


[he Hill valve with Greene cut-off is 
on all makes of the Greene-Wheelock 
engine of today. In the first years of 
its maintenance this engine was installed 
extensively in Canada, England, France 
and Germany, as well as in this country, 
where more than one thousand were put 
in service by the original builders. Suc- 











HUBERT 


Rss 


each individual valve being driven by a 
separate eccentric. The valves are ar- 
ranged two each in a plug, there being 
one steam and one exhaust in each plug, 
and one plug at each end of the cylinder. 

The best-known advantages of this 
valve and gear are large port opening 
with a minimum of travel, which in con- 





FIG. I. 


cessive builders have improved the type 
all the while, steadily placing them in ser- 


vice, and today thousands of these en- 


gines are in use in this and foreign coun- 
tries. For this reason, and because this 
valve-gear is interesting to operators, this 
article is written to bring out the prin- 
cipal points to be considered in the set- 
ting of the valves. 


Each cylinder is equipped with four 
valves of the Hill grid-iron type, two 
and two exhaust to each cylinder, 


stean 


HIGH-PRESSURE SIDE 


nection with the Greene cut-off on the 
steam and the toggle motion on the ex- 
haust valves gives the quickest action at 
the right time to both. A minimum lap 
is also obtained with the aid of the gear, 
an added reason why it is of first im- 
portance to understand the movements 
of the valve and gear and to use care in 
all adjustments. 

The valve 
seats as an 


plugs contain the valve 
integral part of the plug, 


which are in turn removable for repair, 


COLLINS 


together with the valves when in position, 
and to the plug is attached the head 
which holds the working parts of the 
valve mechanism. The whole makes a 
complete removable structure, separate 
from the cylinder, which can be discon- 
nected from the eccentrics and removed 
from the cylinder in a few minutes for 








OF GREENE-WHEELOCK CROSS-COMPOUND ENGINE 


inspection, repair or permanent replace- 
ment. 

The of the valves below 
the cylinder is the Wheelock system. The 
advantages are short ports, small clear- 


ance, together with a means of discharge 


arrangement 


of the water of condensation through the 
entering the cylinder, 
and if in extraordinary cases water col- 
lects in the cylinder it is relieved by the 
raising of the inlet or steam valve from 
its seat. 


exhaust without 











520 
GENERAL ARRANGEMENT OF VALVE-GEAR 
The general arrangement of the valve- 
gear, eccentrics, etc., can be seen by refer- 
ence to Fig: 1, which is the high-pressure 
side of a cross-compound engine. The 
eccentric shaft A being geared to the 


main shaft of the engine at a makes it 














positive in action. The eccentrics which 
actuate the valves are at B, C, D and E. 
These eccentrics are secured to the shaft 
by a friction key, which is hidden by a 
plate on the side of the eccentric, secured 
in place by screws. The eccentrics C and 
D are the steam €ccentrics and B and E 
the exhaust. They are attached to the 


valve mechanism by their respective rods. 
The throttle of the engine at F admits 
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steam to the steam chest under the 
cylinder and equally to the valve plugs 
G and H. 

An understanding of the valve plugs 
and their location may be had by refer- 
ence to Figs. 2, 3 and 4. Fig. 2 shows a 


= a 
longitudinal section of the cylinder and 
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the cross-section of the valve plug at A. 
This view gives the location of the inlet 
(steam) valve and seat at a and the out- 
let (exhaust) valve and seat at b, the 
steam chest B B forming a jacket for part 
of the cylinder, as well as admitting the 
steam through the inlet a into the cylinder. 













From the cylinder the steam passes out 
through the outlet b into the exhaust pas- 
sage C. 

Fig. 3 is a cross-section of the cylinder 
through the clearance space and a longi- 
tudinal of the valve plug in that end of 
the cylinder, showing the back of the inlet 
valve seat, with the outlet valve cut away. 

Fig. 4 is a view of the valve plug with 
all the parts assembled. This view shows 
the inlet- or steam-valve side of the plug. 
The inlet valve is at a; the spring which 
holds it to its seat when not under steam 
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loosening the clamp bolts of the head 
e and turning the rod, an adjustment of 


the valve setting can be made, as will b 
shown later. 

The inlet valve is opened by the pushe 
cam pushing it forward, but is release 
from this cam through the means of 
trip cam on the bottom of the valve-plu 
head, which is connected to the governo 
rods. When released by the trip cam, tl 
valve cuts off by means of the 
pressure on the valve-stem controlled | 
a dash-pot arrangement in the valve-plh 


stea 


























FIG. 5 











pressure is at b; and ¢ is the pusher 


crank which actuates the valve by means 


of a cam at d, which comes in 


tact with the latch of the valve-stem head 
inlet valve- 
valve- 
stem screws into the nut f, so that by 


ec. This is fastened to the 


stem by clamp bolts. The inlet 


con- 





head, to which the other end of the r 
attached. 























| is 


The outlet valve is inside of the 
valve plug under the strut g. The 
position of this valve in relation t0 
the inlet can be noted by reference [0 
Fig. 2, where the cross-section of the 
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lves and seats are shown. The out- 
let valve is actuated by the eccentric act- 
on the toggle joint h, connected be- 
een the two pairs of links, from the 
int 7, where it is fixed, and the point 
where the link is fastened to the valve- 

d head k on the outlet valve-stem. 


PosITION OF VALVES IN THE PLUGS 

\ more thorough understanding of 
ese valves may be obtained if the posi- 
ion of the valve inside the plug (in rela- 

tion to the position of the eccentric and 
her mechanism) is known. 

For the sake of simplicity, each valve, 
ie, outlet and inlet, is shown with its 
gear separate for the moment, eliminating 
while the other is under considera- 

The cross-section of the valve and 
seat is not in proper relative position, but 


one 


t10N. 
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FIG. 


so placed in these figures as to best show 
the positions at given points of the eccen- 
tric travel. 
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is the center line of the eccentric shaft, 
B B is the center line of the eccentric-rod, 
CC is the center of the pusher crank at 
the top of its movement, DD the 
pusher-crank center at the lower end of 
its travel, EE is the center line of the 
pusher-crank shaft, FF the line of 


is 


is 


A's 














a) 


travel of the pusher-plate edge, G G is the 
line of travel of the pusher-crank pin, a 
is the pusher, b is the latch, c the 
pusher crank, d is the valve, e is the valve 
seat, f is the lifter, g 
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is the trip cam, h is 
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pusher are in the position here shown, the 
valve d should be lapped over the ports 
of the valve seat ¢ as shown. 

When the latch b and the pusher a just 


engage at the point shown, the lifter f is 
to the highest 
working position, and the valve will not 


raised by the trip cam g 





open. In order to full the 
lifter must lower the latch so that its bot- 
tom edge will be along the line H H and 
the pusher plate can engage it up to the 


point X, where it will have the valve open 


open port, 


full port as shown in Fig. 6, which shows 
the to the same 
gear as in Fig. 5. The same letters are 


essential parts note of 


used to denote the same parts as in Fig. 5. 
By reference to the eccentric circle it 


will be noted that the eccentric is at &, 
or the bottom of its travel, and the pusher 
the 


crank same. The latch b has been 











lig. 5 represents the inlet (steam) 
valve and mechanism assembled. The 
i] 
“J 
scale is for a size these makers build for 
| 1s cylinders under 16 inches in diameter, or 
their “size A” valve. It shows the valve 
the lapped at the inner end of its travel, with 
The the eccentric at the top center of its 
to travel. 
to 





the 


Referring to the illustration, then, 4 A 


FIG. 8 


the trip-cam yoke, i is the valve-stem and 
j is the head. 

It will be noted that the pusher a just 
engages the edge of the plate on the latch 
b, with the pusher crank c¢ at the top end 
of its travel and the eccentric the same. 
Whenever the eccentric, pusher crank and 








allowed to fall to tke position along the 
line F F in Fig. 5, and so the pusher has 
moved everything along to the outside end 
of the valve travel where the ports are full 
open and the valve is on the point of 
being released to cut off. 

Fig. 7 is a detail of the trip cam g 
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(Fig. 5). This cam is connected to the 
governor-rod at A and pivots on its pin 
at B in the cam yoke. When the gov- 
ernor is on its stop before coming up to 
speed the roller of the lifter is as shown 
for “full stroke” and the valve will be 
carried to full-port opening, as in Fig. 6, 
before releasing for cut-off. After the 
engine is up to speed and the governor 
lifted from its stop, the cam will be 
moved along in the direction that will bring 
the lifter roller at any point up to that 
shown for “short cut-off.” When the rol- 
ler reaches there, the valve is traveling 
only enough to overcome the lap. If the 
engine slows down and the stop is not 
set, the governor will go low enough to 
throw the trip cam over so that the lifter 
roller is up to “safety,” when the valve 
will not travel at all, the latch being 
lifted so high it will not come in contact 
with the pusher plate, as in Fig. 5. 

A mark is put in the edge of the flange 

















FIG. 





9 


of the trip cam, as at C, Fig. 7, and this 
mark should come under the center of the 
lifter roller, as shown, when ready to 
start up or carry full stroke. (Note the 
rules for adjustment given later.) 

Fig. 8 shows the outlet (exhaust) valve 
and plug with the valve-gear assembled. 
This first view shows the valve wide open 
to ports on the outside end of its move- 
ment. It will be noted that the eccentric 
is on the bottom center of its travel and 
the toggle stub-end a is at the lowest 
point it reaches below the line CC, and 
the outlet valve-stem head center b has 
reached its farthest point of travel toward 
the valve plug. 

In Fig. 9 the eccentric has reached E 
on the eccentric circle and the toggle 
stub-end has come up toward the line 
CC; the point b has reached a position 
corresponding to the near edge of the 
ports and the valve has just cut off or 
closed for compression. 

In Fig. to the eccentric has reached the 
point E on its travel, and the toggle links 
now forming a straight line from the end 
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of one to the end of the other, the valve 
is lapped as shown with the point b where 
it is. This is the extreme of travel for 
the valve and stem in this direction. 

In Fig. 11 the eccentric has reached the 
point E, the top center of its travel, and 





the toggle stub-end the same, but the 
point b has come back on its travel, as 
well as the valve, until they nearly open 
again. The eccentric continuing until it 
reaches E’, in Fig. 10, the point b and the 
valve will have again lapped, and con- 
tinuing until it reaches E’, Fig. 9, the 
valve will have come back to the position 
shown, or is on the point of release. 

It will be seen by this that the valve 
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which if they existed on this valve-gear 
would cause trouble, and it is well to 
speak of these. If the inlet eccentric-rod 
is too long, the valve-stem latch and 
pusher may not engage, or if they do, the 
action may be too early. If the rod is too 
short, it will cause late action. 

If the outlet eccentric-rod is too long 
it will cause the valve to open too quickly, 
and running back too far will partially 
obstruct the ports and it will close late. If 
too short, the opening will be late and the 
closure early, with a re-opening on the 
back travel. 

The eccentrics in these illustrations run 
in the direction of the arrows, but also 
run opposite to suit the conditions, any 
changes of the position of the eccentric 
on its shaft has the same effect as though 
the eccentric were on the main shaft. 


INSTRUCTIONS FOR ProrerR SETTING 


The following instructions are from the 







































FIG. 10 


moves four times between the points of 
closure and opening, which is a distinc- 
tive feature of this valve. 


CoNDITIONS TO BE AVOIDED 


There are some general conditions 





builders of these engines, and if adhered 
to will give proper setting of the valves 
The previous illustrations will aid to 
full understanding of these operations. 
For reference and a means of check 
ing off the action of the valves it is stated 
that “A-size” valves have 5/32-inch lap, 
with 34-inch travel, and are generall 
used on cylinders up to and includin 
16 inches in diameter; “B-size” valve 
have 3/16-inch lap, with 1%-inch trave' 
and are generally used on cylinders fror 
18 to 26 inches in diameter, inclusive: 
“C-size” valves have %-inch lap, wit 
13-inch travel, and are used on cylinder 
from 28 inches in diameter upward. 
When starting to adjust the valves, firs 
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have all eccentrics loose on the cylinder 
shaft, and, second, determine the direction 
the cylinder shaft is to run, and always 
rotate the eccentrics in the same direction, 
whether loose on the shaft, or when the 
shaft and eccentrics turn together. 


To ApyJUST THE TRAVEL OF THE STEAM 
VALVES 

On the edge of the pusher crank (Fig. 
12) a line is made in the shop, and on 
the side of the plug head, next to the 
pusher crank, a corresponding line is 
made (where the arrow points). When 
the line on the pusher crank corresponds 
exactly with the line on the side of the 
plug head, the pusher plate is vertical, as 
in Fig. 5. This is its most backward 
position. 

Adjust the eccentric-rod for this valve 
to such a length that in turning the eccen- 
tric around on the shaft the line on the 
edge of the pusher crank comes back to 
correspond exactly with the line on the 
plug head at each revolution. Then, by 
shimming, adjust the bridge-supporting 
trip cam (shim where the arrows in Fig. 
13 denote), so that the steam valve will 
travel 34 of an inch on “A-size,” 1% 
inches on “B-size” and 13% inches on “C- 
size,” but bear in mind that the valve 
must trip at the end of its travel and the 





























FIG. II 


bridge must not be so low that the valve 
will carry the full stroke without trip- 


ping. The roller of the lifter must be in 
position for full travel, as shown in 
Fig. 7. 


To Set THE STEAM VALVES 


in the steam valve-stem four scratch 


lines are made. These lines represent the 
valve on its lap, the valve just opening, 
the valve wide open and the valve pushed 
in until it strikes the plug. With each 
valve-gear a steel-wire tram (a, Fig. 14) 
is s-nt. Just above the valve-stem on the 
Plus-head casting a prick-punch mark will 
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be found. Loosen up the inlet stem head 
(j, Fig. 5) on the stem, then shove the 
valve back until it strikes the plug. If 
the valve is set correctly, the tram with 
one end in the mark on the plug-head 
casting, as shown in Fig. 14, should with 
the other end meet the first scratch line 
on the valve-stem (nearest the outside 
end of stem). If the point of the tram 
does not coincide with this line, the valve 
stem should be screwed in or out until it 
does. The valve should then be let back 
so that the dasher strikes the head, and 
the inlet stem head be brought back 
against the pusher plate when the pusher 
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plate is vertical, as in Fig. 5, leaving 1/64 
inch clearance between the pusher and 
latch plates. It will then be found that 
the point of the tram will correspond with 
the fourth mark on the with the 
valve closed as in Fig. 5. 


stem, 


When the valve is moved forward so 
that the tram point corresponds with the 
third line on the stem, the valve is just 
closing or opening, and when moved far- 
ther so that it corresponds with the sec- 
ond line, the valve is wide open. The 
travel of the valve should be between the 
second, third and fourth points spoken 
of, and it should trip just as the tram 
point corresponds with the second line 
from the outside end. Then, with the pis- 
ton on dead center, the eccentric should 
be revolved on the shaft to bring the 
steam valve 1/32 of an inch open on the 
crank end and 3/64 of an inch on the 
head end. The eccentric should then be 
clamped to the shaft, and the valve is set. 


To ApyjusTt THE EXHAUST VALVES 


On the outside of the plug head, where 
the arrow points in Fig. 1s. 


are four 
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prick-punch marks. On the outside of 
the outlet stem head where the tram rests 
is another prick-punch mark. This is for 
one point of tram. 


To Apyust VALVES For Lap 


should be discon- 
from the eccentric. Shove the 
valve back as far as it will go. With the 
valve in this position, the outside end of 
the tram should fall into the fourth mark 
on outside of the plug head nearest. the 
cylinder. If it does not, loosen up the 
nut holding the outlet stem head, and 
screw the stem in or out sufficiently to 
make the tram come into the fourth mark. 
Then tighten up the nut holding the out- 
let head, connect the eccentric-rod 
to the eccentric, lengthen or shorten this 
eccentric-rod so that the travel of the 
valve due to one revolution of the eccen 
tric will move the tram from the first to 
the third prick-punch mark; 
farther. 

The eccentric should then be set so that 


The 


nected 


eccentric-rod 


stem 


and no 


when the piston is about 5 inches from 
the end of the return stroke, the 
haust valve should have just closed, as in 
Fig. 9, and the tram point would fall into 
the second mark on the plug head. 

As these valves must be set while the 
valves are out of sight, a strict adher- 
to these rules of adjustment must 
be followed, being taken to be ac- 


ex- 


ence 


care 
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curate, but Figs. 5, 6, 8, 9, 10 and 11 will 


help to a clear understanding of what is 
done in this adjustment and subsequent 
operation. 





The twelfth anniversary of the grant 
ing of the charter of the Clarkson School 
of Technology, Potsdam, N. Y., was ob- 
served Saturday evening, March 14, on 
which occasion Cecil B. Smith delivered 
the Charter Day address, taking for his 
topic, “Water Powers.” 





Proper covering of a boiler and steam 
piping saves a large per cent. of fuel. 
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Catechism of Electricity 


CIRCUIT-BREAKERS 
660. What is a circuit-breaker? 
A circuit-breaker is a switch arranged 
to open automatically when the current be- 

















FIG. 206. SECTIONAL SIDE VIEW OF 


BREAKER 


\ CIRCUIT- 


comes excessive. It is connected in cir 
cuit and makes contact in nearly the same 
manner as an ordinary knife switch, but 
differs therefrom in the manner of opening 
the circuit. The 
pulled open by 


switch has to be 


but the 


knife 


hand, circuit- 

















207. SECTIONAL VIEW OF CIRCUIT- 
BREAKER SHOWN IN FIG. 206 


rOP 


breaker is opened by a spring when the 


current exceeds a certain strength: The 
magnetic effect of the current itself is 
generally used to accomplish this. The 


<ircuit-breaker is held closed by a latch, 
and when an unusually large current flows 
over the circuit an electromagnet operates 
a trip which releases the latch and allows 
a spring to open the circuit-breaker. 
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661. Explain the principle of operation 
of a circuit-breaker with reference to a 
modern type. 

Referring to Fig. 206, which shows a 
sectional side 
mounted on a switchboard, b and f repre- 
sent the terminals projecting through the 
board w. The current in the circuit in 
which these terminals are connected cir- 
culates around the copper helix c, its ex- 
tremities 2 


view of a circuit-breaker 


and z being in electrical con- 
nection with the terminals of the circuit 
breaker. The magnetism developed by the 
helix tends to draw the movable soft-iron 
plunger / farther up into the helix, its 
initial position being determined by the 
adjusting screw /t. As long as the current 
remains at a normal value the plunger is 
held down by its own weight, but the in- 
stant the 
amount 


desired 
the 
solenoid and, traveling through the space 


current rises above a 


the plunger is drawn into 


g, imparts its motion to the trip-pin 1. 

















FIG, 208. CIRCUIT-BREAKER, CLOSED AND OPEN 


The upward motion of the pin 7 causes the 
latch mi to swing around the pivot » and 
release the switch arm k at o. The spring 
s forces out the switch arm k by means 
of the plunger r, and the arm opens the 
circuit at the contacts. The switch arm 
swings around the pivot +, and comes to 
rest in the stop /. 
of the handle t. 

662. Show the circuit connections of 
the switch portion of this circuit-breaker. 

A horizontal section of the circuit- 
breaker is presented in Fig. 207, where the 
copper blades at e and jaws at a which 
form the main contacts, and the carbon 
blocks at d@ and c which constitute the 
auxiliary contacts, may easily be seen. As 
shown in the figure, the breaker is closed, 
for the blades e are in, contact with the 
jaws a; the two carbon contacts c and d 
on each side, also make connection. The 
copper blades interlock only a little way, 


It is re-closed by means 
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while the carbon blocks overlap nearly 
their entire length. When the circuit- 
breaker is opened, the copper contacts are 
separated by a considerable gap before the 
carbon blocks break connection. There- 
fore when the are occurs, it will be be- 
the of the carbons and not 


tween ends 




















FIG. 209. DOUBLE-POLE CIRCUIT-BREAKER 


between the copper blades. Consequently 
the copper blades, which must fit accu- 
rately, are not blistered or otherwise in- 
jured by the arcs. The carbons are not 


easily injured by an arc, and are easily 

















FIG. 210. CIRCUIT 


NETIC 


BREAKER OF 
RLOW-OUT TYPE 


THE MAG- 


and cheaply replaced when injured. More- 
over, the length of the carbons permits 
the lever arm to attain a high 
before they separate, causing the break 
to be made much more rapidly than it 
would otherwise be. 

663. Illustrate and describe a circuit- 
breaker for use on circuits carrying heavy 
currents. 


speed 
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Fig. 208 shows such a circuit-breaker 
closed and open. It has a laminated con- 
tact bridge a, composed of thin copper 
strips, which closes the circuit between the 
main contacts or copper blocks m and 2. 
These blocks are connected to the ter- 
minals r and s, respectively. The carbon 
blocks d and ¢ are auxiliary contacts and 
are insulated from the switch bridge a. 
The action is such that the main contacts 
are broken first at m and n, and the aux- 
iliary contacts are broken an instant later. 
The arcing is therefore limited to sur- 
faces which do not normally carry the 
current, so that whatever blistering occurs 
does not reduce the conductivity of the 
main current-carrying parts of the circuit- 
breaker while in circuit. 

664. Are all  circuit-breakers made 
single-pole, like those previously shown? 

No. A double-pole circuit-breaker is 
illustrated in Fig. 209. Both sides of the 
circuit connected to this instrument are 
opened simultaneously at a and c. The 
current-carrying parts are of copper, so 
proportioned to prevent under heating. 
This circuit-breaker, as well as_ those 
previously shown, is mounted on an enam- 
eled slate base. 

665. Are not some circuit - breakers 
provided with a device for extinguishing 
the arc which forms upon the final open- 
ing of the circuit? 

Yes; the magnetic blow-out  circuit- 
breaker contains such a device. It has 
no carbon contacts, but the final arc takes 
place in a magnetic field and the magnetic 
force acting on the arc extinguishes it. 

666. Illustrate and describe a circuit- 
breaker of the magnetic blow-out type. 

Fig. 210 shows a General Electric sin 
gle-pole circuit-breaker of the magnetic 
blow-out type. When the switch is closed, 
as shown in the figure, and the current is 
normal, the current passes around the 
‘copper coil c to the copper block a, thence 
through the switch bridge e, to the copper 
block d, and out. If the spring s has been 
adjusted at 7 so that the pointer wv regis- 
ters a certain number of amperes on the 
scale n, and the current exceeds this 
value, the magnetic force developed by the 
coil c will pull down the soft-iron arma- 
ture r. This movement of the armature 
lowers the switch bridge e, and completes 
an auxiliary circuit in which is connected 
two coils of wire, behind the plate b. The 
magnetic effect of these coils blows out 
the are which forms behind the plate }, 
when the auxiliary circuit is broken. 
This occurs an instant before the switch 
bridge e reaches its lowest position. The 
switch is re-closed by simply pressing 
down on the handle p. 





According to Consul-General William 
H. Michael, of Calcutta, India, the present 
innual output of coal for the whole of 
India is only 9,000,000 tons, of which Ben- 
‘al contributes 8,500,000 tons, and the in- 
lustry employs a labor force of over 


000,000 persons. 
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Steam-turbine Development 


That the steam turbine is not losing 
ground in its rapid introduction into all 
classes of power service is evidenced by 
the accompanying table showing the ag- 
gregate turbine business of the Westing- 
house Machine Company at the beginning 
of the year, classified according to indus- 
tries. This table shows a summary of 
640,700 kilowatts, or 930,000 brake horse- 
power. This output is distributed among 
282 plants (3208 brake horse-power per 
plant) and 493 machines, averaging 1886 
brake horse-power per machine. 

In addition to the output listed in the 
table there were at that time under con- 
struction at East Pittsburg 148 machines. 
These bring the grand total of the tur- 


SUMMARY OF WESTINGHOUSE TURBINE 





cent. of the total 


represents manufac- 
tures, as against 34 per cent. electric light- 
ing and 51 per cent. in traction. 

An idea of the size to which modern 
central stations have grown is furnished 
by the fact that nearly 35 per cent. of the 
total capacity tested is contained in sta- 
tions of over 10,000 kilowatts capacity. A 
decade ago, at the beginning of the tur- 
bine business, stations of this size were 
few and far between. Today most large 
cities can boast of at least one if not 
several stations of this capacity. 

In this connection, some data on the 
development of the Parsons type turbine 
for marine work in Europe are of partic- 
ular interest. Sir William Matthews, in 
his recent presidential address before the 
British Institute of Civil Engineers, cited 
the following facts: 


DEVELOPMENT, INCLUDING ALL PLANTS 


SHIPPED OR ON ORDER UP TO DECEMBER 31, 1907. 


PLANT Capacity. Total 


Average 


a na Upto Above Number Capacity of ,, Total 
CLASSIFICATION. 1000 10,000 of Turbines, Capacity, 
P ie en oa Kilowatt. Kilowatt. Plants. Kilowatts, Milowatts. 
Electric Traction: 
Electric Railways. .. - 18,900 144,500 69 1975 282,600 
*(R. R. Electrification) oh 33,900 1 3350 46,900 
Total...... 18,900 178,400 73 329,500 
Electric Lighting: 
Central Stations. . 23,550 45,000 73 1440 180,100 
Isolated Plants... 3,200 bewnen 7 400 3,200 
Municipal. 4,000 ie 11 570 8.700 
Total... . 31,700 ; 


Steam Railroads: 
R. R. Electrification. 


45,000 91 192,000 


33,900 4 3350 46,900 
*(R. R. Car Shops). 9,200 Se CNS 17 490 15,700 
(i es 9,200 33,900 21 ax 62,600 : 
Industrial: Z 
Textile Mills. 8,200 22 595 13,700 
R. R. Car Shops. 9,200 17 190 15,700 
Cement Mills... . 700 5 1012 7,100 
Iron and Steel Works. 1,000 3 00 5,000 
Pulp and Paper Mills 800 5 778 7,000 
Rubber Works..... 900 4 621 4,350 
Powder Works...... so 1,200 2 100 1,200 
Machinery Manufacturers 5,400 12 576 15,000 
General Manufacturers 5,750 - 11 453 7,250 
Total. 33,150 81 76,300 
Mining and Irrigation 8,000 19 686 21,950 
U.S. Government..... 1,750 4 12295 12.250 
Miscellaneous... 6.700 14 183 8,700 
Grand Total... . 99,250 223,400 282 


640,700 


*Industries in parentheses, but allowed for in grand total. 


Nore.—Business uncompleted December 31, 1907: 60 turbines of 153,550 kilowatts, total, leaving 
shipped or in operation 433 machines, or 487,150 kilowatts, averaging 1122 kilowatts. 


bine business of this company up to 864, 
300 kilowatts or 1,253,000 brake horse 
power, so that the one and a quarter 
million horse-power mark has been passed 
in the operations of the Westinghouse 
Companies alone. 

Referring to the table, although there 
are comparatively few railroad electri- 
fication plants yet installed, their capacity 
is large—11,670 kilowatts per plant. In 
paper and textile mills there are 27 
plants, aggregating 20,700 kilowatts, or 
767 kilowatts per plant. 
properties have 
drive. 


Nineteen mining 
adopted turbo-electric 
Thus, while the most fruitful 
field for the turbine in the early days of 
its development was in electric-traction 
and electric-lighting work, its field has 
greatly broadened out into the general 
industries until to-day nearly 15 per 





“In the middle of the present year 
(1907), there were in service 61 steam- 
ships fitted with Parsons turbines, and 65 
vessels under construction to be furnished 
with them. The total horse-power of 
ships approached 1,400,000. Of 
this, about 42 per cent. was in merchant 
vessels and yachts, and 58 per cent. in 
warships. In new ships of the royal 
navy, reciprocating 
place to turbines.” 


these 


engines have given 





To test for sulphate of lime in boiler 
feed-water, fill a test-tube to about r4 
inches in depth with the water to be tested 
and add a little chloride of barium. If a 
white precipitate is formed and it will not 
re-dissolve when nitric acid is added, sul- 
phate of lime is present. 
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The Approximate Cost of Gas Power 


Curves Shewing Computation of Continuous Expenses, Cost of 


Jacket Water, Fixed Charges 


and_ Relative 


Continuous Costs 





BY M. PP. 
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CoMPUTING CONTINUOUS EXPENSES 


In computing the continuous expenses 
of any power plant it is necessary to 300 
know the exact time during which the 
plant is operated. In order to make this 
investigation as broad as possible three 
plants were chosen, and they are indi- 
cated throughout as “24-hour service,” 


75 

















“to-hour service” and “light plant.” The 
24-hour service is operated twenty-four 
hours per day, 365 days per year. The Io- 
hour service is operated ten hours per 
day, 312 days per year. The light plant 
is operated 365 days per year, and if of 
400 horse-power, or less, it is assumed 25 
to run from 6 p.m. to 7 a.m., or a total 
of thirteen hours per day; if of more 
than 400 horse-power, it is assumed to 
run twenty-four hours per day. The 24- 


Percent of Rated Load 
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: 6 
hour service and the 10-hour service are P.M. 
assumed to operate at full load at all 
times, while the load of the light plant is 
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FIG. 12. COAL CONSUMPTION PER B.H.P.-HOUR, SUCTION GAS-PRODUCER PLANTS, FULL 
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FIG. 13. COAL CONSUMPTION OF SUCTION GAS PLANT OF 150 


8 10 12 2 4 6 


Hour of Day 


LOAD CURVE OF LIGHT PLANT 


assumed to vary according to the load 
curve in Fig. 11. This load curve was 
taken, by permission, from an article by 
Prof. W. M. Wilson, in January, 1907, 
Power, page 12, on the comparative costs 
of steam power, and is an average curve 
of a large number of light-plant records. 
This, of course, makes it a special case, 
and the results would not apply to plants 
with other load curves, but some curve 
had to be assumed, and it was thought 
best to use the average curve shown. As 
the load falls below the full-load mark, 
some of the units are supposed to be 
shut down so as to keep the remaining 
units at as near full load as possible. 


COAL-CONSUMPTION CURVES 
In Fig. 12 will be found a record of 
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FIG. I4. BITUMINOUS COAL CONSUMPTION 
OF PRESSURE PRODUCER-GAS POWER 
PLANT, 750 R.E.P. 13,500 
B.T.U. PER POUND 
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the coal consumption of suction producer 
plants of various sizes, and it will be 
noted that the average is 0.9 of a pound 
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use as much water per brake horse-power- 


hour at less than 


The water consumption in the suction- 
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cubic feet. Of course, if water had to 
be purchased, it would cost several times 
this figure. . 

After receiving reports from a number 


full load as at full load. 
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of scattered plants of from 25 to 1000 
horse-power capacity, a cost of 0.03 cent 
per brake horse-power was chosen for 
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oil and waste, and it was assumed that 
the engines used as much at fractional 
load as at full load. A curve represent- 
ing the cost of labor, Fig. 17, for gas 
power plants of various sizes was con- 
structed from these reports also. No dis- 
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per brake horse-power. While this shows 
an average of 0.9 pound, the best that 
the manufacturers will guarantee is one 
pound per brake horse-power, and it was 
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FIG. 15. COOLING WATER FOR ENGINE JACKETS 


plant scrubbers was taken from the curve 
in Fig. 16, and for pressure plants the 
rate of 0.65 cubic foot per brake horse 
power-hour was assumed. The latter val- 


1500 240 tinction is made in this curve between 
suction and pressure producers; at less 
than full load the cost of labor would be 
practically the same. A curve showing 
the cost of labor for steam plants is also 
shown, so that comparison may be made 


at a glance. 


FiIxEp CHARGES 








Fixed charges were assumed as 14 per 
cent., made up as follows: Interest, 4 








per cent.; depreciation, 5% per cent.; re 
pairs, 2 per cent.; taxes, I per cent.; in- 
surance, I per cent. The value for de- 
preciation may seem a trifle high, but in 
view of the fact that a present-day gas 
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the light plant, where fractional loads oc- 
cur, the curve in Fig. 13 was used for 
suction producer plants. This is the re- 
sult of an actual test in which the writer 
assisted. One-tenth of a pound of coal 
per brake horse-power was assumed for 
banking fires in the suction plants, and 
two-tenths of a pound for pressure pro- 
ducer plants, the brake horse-power-hours 
being computed on rated brake horse- 
power at full load. These values seem 
rational, as they are about the average 
of several reports from actual power 
plants. The computations for suction 
producer plants are based on anthracite 
coal at $5, $6 and $7 per ton. In the pres- 
sure producer plants, bituminous coal 
containing 13,500 B.t.u. per pound, and 
costing $2, $3 and $4 per ton, was used. 

In Fig. 14 a coal-consumption ‘curve of 
a pressure plant is shown. This, after 
careful investigation, was taken as a fair 
sample and was used in the computations 
covering fuel consumption at fractional 
loads, with 1.25 pounds per brake horse- 
power-hour at full load. 










Cost OF JACKET WATER 


In Fig. 15 is a curve showing engine 
jacket-water consumption, and it is seen 
be constant per brake horse-power- 
hour for all sizes. Of course, it is known 
hat two-stroke-cycle engines require 
ore water than the four-stroke-cycle, 
it as sufficient data on this could not be 
btained, the constant value of 0.75 cubic 
sot per brake horse-power-hour was 
ed; the difference would be slight in 
y case. The engines were supposed to 
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16. WATER CONSUMPTION OF SCRUBBERS (SUCTION GAS) 


Louis coal-testing 
other records of 
the vaporizer and 


pass through the engine jackets, thus 


thought best to use the latter value. For ue was chosen after studying the St. 
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plant may be out of date in a few years, 
due to the rapid progress being made 
in the gas-engine industry, the value se- 
lected is believed to be appropriate. Us- 
ing the curves in Fig. 17, together with 
the data mentioned, the continuous ex- 
pense per year was computed. , A sum- 


plant results and some 
tests. The water for 
boiler was assumed to 
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FIG. 17. COST OF LAROR IN GAS AND STEAM ELECTRIC PLANTS 
saving that much. The cost of water mary of these results, which embody 


was assumed to be just that of pumping 


it, and was taken 


everything necessary for the operation of 


at 3 cents per 1000 the plant, is shown in Table V. 
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the extra initial cost of plant discount 
this saving very materially, and the total 
saving is not as great as would seem 
from the consideration of the coal bill 
alone. However, a gas plant will pay the 
difference in cost in a few years, the 
length of time depending upon the size 
and equipment of the steam plant, and 
save a neat little balance beside. The 
exception to the rule is found in the 
case of the Parsons turbine, which costs 
less per year to operate than a gas plant 
of the same size, everything considered. 


POWER 


the same operating expense as a gas- 


power plant?” Fig. 20 will answer this 
question to a certain extent. In it com- 
parison has been made between suction 
producer plants using coal at $6 per ton 
and simple non-condensing high-speed 
steam plants using a good grade of lump 
soft coal. The plants are supposed to 
operate ten hours per day. This type of 
steam plant has been chosen as it is the 
most frequent competitor of the gas plant. 

The curve in Fig. 21 has been con- 
structed to show the length of time it 
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FIG. 20. CURVE SHOWING COST OF COAL FOR STEAM PLANTS TO GIVE SAME OPERATING EX- 


PENSE AS GAS PLANTS USING COAL AT $6 PER TON (SUCTION PLANTS). 


PLANTS OPERATED 


RELATIVE INITIAL Costs 

The curves in Fig. 18 show the relative 
initial costs of steam and gas plants. 
From these it will be seen that the cheap- 
est to install, up to 1000 horse-power, 
is the simple non-condensing high-speed 
steam plant; next comes the suction gas 
plant, while the pressure gas plant, with 
horizontal engines, is the most expensive. 

Fig. 19 shows very clearly the relative 


10 HOURS PER DAY 


would take a suction gas power plant, 
using coal at $6 per ton and operating ten 
hours per day, to pay for itself in the 
saving over the cost of operating a high- 
speed non-condensing steam plant using 
coal at $3 per ton. This has been com- 
puted on the assumption that the saving 
each year is put at interest compounded 
at 4 per cent. annually. It will be evi- 
dent from this that any gas plant of the 
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FIG. 21. CURVE SHOWING LENGTH OF TIME FOR SUCTION PLANTS USING COAL AT $6 PER 


TON TO PAY FOR THEMSELVES IN THE SAVING OVER H.S. NON-CONDENSING 
STEAM PLANTS USING COAL AT $3 PER TON 


values, in terms of total continuous ex- 
pense, of the pressure and suction pro- 
ducer plants for the three kinds of ser- 
vice assumed. It will be noted that for 
less than 250 horse-power in the 10-hour 
service plant and light plant, the suction 
plant is the more economical. Above 250 
horse-power the pressure plant is the bet- 
ter. For the 24-hour service plant, the 
pressure plant is best in all sizes. 

The question is sometimes asked, 
“How low must the price of steam coal 
be in order that a steam plant shall have 





character mentioned will pay for itself 
within five years by the saving over steam 
plant operation. 

Of course, the gas producer and engine 
are not a panacea for all power ills, as 
there are times and places where steam 
is the only power to use. But gas power 
has come to stay, is competing successful- 
ly with steam, and should the initial cost 
be reduced and producers still further 
improved until they will handle very 
cheap, caking coals, steam power will be 
outclassed at nearly every turn. 





Concrete Fly-wheels 


By W. H. Booru 


In South Africa, on the Rand, iron is 
very expensive, due largely to railway and 
ocean carriage from Europe or America. 
An interesting experiment has just been 
made in connection with the Rand water 
works. Some of the water is pumped 
from artesian boreholes, the pumps being 
of the bucket and plunger type, driven 
by gearing. 

On the crank-shaft is a fly-wheel 
feet in diameter. 


14 
The boss of the wheel 
is cast iron bored and tapped for 4-inch 
block piping. These arms of piping are 
into the fast. 
At the outer end of the arm a sheet-iron 


screwed boss and rusted 
rim or ring ™% inch thick is secured by 
nuts, and a second ring to form the outer 
periphery of the wheel is held by bolts 
distance pieces. The space be- 


filled 


rods 


and pipe 
concrete reinforced 
j-inch iron laced in 


with 


of ! 


tween is 
by four 
between the distance pieces. 

The rim is 13 inches deep and as it only 
rotates at 20 turns per minute it is per- 
fectly safe. There are in all ten of these 
wheels and the saving was $10,000 as 
compared with iron wheels. The concrete 
was made of rock crushed to pass through 
a 14-inch mesh, 1% parts; rock crushed 
a t-inch mesh, but not 
three parts, and 


to pass through 
to pass ™%-inch 
cement I part. 
is decidedly novel and it appears sound 
practice under the circumstances, for the 
fly-wheels run at a slower speed than the 
motors and there serious risk of 
overspeed. 


mesh, 


Such a use of concrete 


is no 





Explosion of an Economizer 


Early on the morning of February 19 
an explosion occurred in an economizer 
at the Hamilton Mills at Lowell, Mass., 
resulting in the injury of 15 men. One 
man’s legs were broken and another’s skull 
was fractured, but the only fatality was 
due to a fire engine, which was answering 
the alarm succeeding the explosion, running 
over one of the men. The large number 
of injured persons was possible in conse- 
quence of the number who were working 
about the plant, putting on pipe coverings, 
etc., incident to equipping a new plant. 
The plant only had been run three days, 
and it consisted of six Stirling boilers, the 
flue gases from which passed through the 
economizer, the dampers being arranged 
so that the gases could be by-passed di- 
rectly to the chimney. The usual arrange- 
ment by which the damper to the econo- 
mizer is shut at the same time that to the 
chimney is opened evidently was not in 
use in this case, and the appearances are 
that there was an accumulation of gas in 
the economizer, and the explosion of the 
gas caused the accident. 
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Does It Pay to Equip a Boiler 
Room with CO, Recorders ? 


By H. J. Westover 


For a long period the engine room has 
been the center of interest, the arena of 
action. Large sums have been spent there 
on improvements. It has been the en- 
gineer’s battle field, where he has con- 
tended against loss and waste in every 
form until they have nearly disappeared. 
The engineer is now giving his attention 
more exclusively to the boiler rcom, to 


POWER 


and inventors have brought out many im- 
provements, some of which have proved 
of great value. Among these is the CO, 
recorder. 

It has long been established that a com- 
plete analysis of the products of combus- 
tion affords the most substantial basis 
upon which to make improvements. The 
Orsat apparatus has been used for this 
purpose, but its sphere of usefulness is 
limited. An automatic apparatus, work- 
ing on the same principle but continuous- 
ly recording the results of the gas analy- 
sis, has been placed upon the market and 
its sphere of usefulness has been much 
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bed of fuel and adjusts the damper to 
correspond with the desired efficiency as 
shown on the record of the machine, he is 
able to produce the same commercial out- 
put with 80 tons of coal as his competitor, 
by guesswork, gets out of 100 tons of the 
same grade of coal. The instrument 
promptly shows if the fuel has burned 
thin, or in holes, on the grate, because of 
the excess of air rushing through these 
spots, cutting down the volume of car- 
bon dioxide. But the full value of this 
improvement is obtained only when the 
installation is made in conjunction with a 
well-organized system, making it a recog- 
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GAS-ANALYSIS CHART COMPUTED FOR ISITUMINOUS COAL BY H. J. WESTOVER 


the accomplishment of a more perfect 
combustion of fuel. The varied efforts 
and partial success in this direction during 
the past have only demonstrated the great 
difficulties to be overcome in solving this 
problem, but when attacked by concerted 
action on a well-devised working plan, 
these difficulties will yield and, in the 
place of such deplorable waste of fuel as 
we have today in so many power plants, 
the day is not far distant when the “sur- 
vival of the fittest” will have effected an 
efficiency in the combustion of fuel more 
in harmony with the efficiency now found 
in engine rooms. To this end engineers 


extended. ‘This instrument continuously 
records at short intervals the waste going 
on in each furnace, or a group of fur- 
naces, connected to it. The degree of 
completeness of combustion and correct- 
ness of the air supply are shown by the 
recorded per cent. of carbon dioxide in the 
products of combustion; and the loss due 
to the discharge to the stack of a larger 
amount than is necessary of highly heated 
air is made evident. The greater this 
useless excess of air the lower will be 
the per cent. of the volume of the carbon 
dioxide. 

When the fireman maintains an even 


nized part of the boiler-room equipment, 
subject to. the same attention and care as 
is given to the feed-water-heating appa- 
ratus, the coal-handling system, or any 
other money-saving arrangement. 


How To INSTALL THE APPARATUS 


The installation should be made as fol- 
lows: Each boiler in operation to be con- 
nected to a system of piping so that a 
record of the condition of its furnace shall 
be made in full view on its own individual 
chart, continuously, at intervals not more 
than eight minutes apart, or oftener, if 
desired. The system of piping bringing 
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the gases from the furnaces to the re- 
cording machine should be arranged so 
that the gases flowing through the pipes 
shall have a velocity of from 75 to 100 
feet per second. The sample of gas de- 
livered to the machine should be the same 
as collected in the furnace a few seconds 
prior to delivery. This can be accom- 
plished by causing a stream of gas to flow 
at high velocity from the furnace to a 
point beyond the machine, the machine 
to take from a branch in the pipe a sample 
sufficient to fill its measuring chamber 
several times and at atmospheric pres- 
sure; this is to insure purity in the final 
part of the sample filling the measuring 
chamber. The sample when delivered, to 
the machine should be analyzed and re- 
corded in less than 134 minutes, making 
the entire time from a change of condi- 
tions in the furnace to the time this 
change is recorded not more than three 
minutes. 

The sample must be an average of the 
gases passing through the furnace. It is 
a well-known fact that separate samples 
of gas collected at different points of the 
furnace at the same time differ materially, 
especially when the fuel bed is burning 
through in places forming holes. This 
is due to the imperfect mixture of the 
products of combustion and cannot be pre- 
vented. To overcome this difficulty the 
collecting pipe should be ample in size, of 
not less than 3% of an inch inside diam- 
eter, reaching across the entire width of 
the furnace. The farther end of this pipe 
should be plugged, and the other end con- 
nected with bends to the ™%-inch pipe 
leading to the recorder. The entire length 
of the %-inch collecting pipe should be 
drilled with forty '%-inch holes equally 
spaced. This is to insure the collecting of 
the sample at forty different points, thus 
getting as nearly an average sample of 
the gases as possible. It will be readily 
seen that the insertion of the collecting 
pipe a short distance within the boiler 
setting, and taking the gas at one point 
only, would not give a correct record to 
work by. 

It is only when the requisite attention 
has been paid to these and other details 
that the full value of such an_ installa- 
{ion can be obtained. 


VALUE OF Goon REcorDS 

It is obvious that when the system is 
not applied to every boiler in operation 
{tention will naturally be centered on 
hose subject to the record in preference 
’ the others, due to the anxiety of the 
‘emen to show good records. When all 
are connected equal attention would have 
be given to all. In the maintaining of 
good record for all the boilers prompt 
‘tention will be given to the cutting out 
of a boiler when the load falls off, which 
would not be always the case if one or 
boilers were not subject to the 
record. Fluctuations in load call for prompt 
changes in operation, and it is easier to 
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more 
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let those not under observation take the 
brunt than to arrange the whole room to 
suit the change. Again when all are con- 
nected, and a record of each can be read- 
ily inspected by the attendant or fireman, 
and any change in one or in all is prompt- 
ly recorded, he will learn habitually to 
look to the record for guidance, knowing 
that a correction can be made before the 
record has been hopelessly impaired, and 
the restored good condition can thereby be 
promptly recorded. The larger the number 
of boilers the greater the importance, as 
a glance at each record tells at once the 
condition of each furnace and the ease 
with which it is made will amply repay for 
the slight labor involved, on account of 
the satisfaction of knowing exactly what 
is going on throughout the plant. 

In addition to the satisfaction of know- 
ing just how the coal has been consumed, 
there is the moral effect on those directly 
connected with the consumption of the 
fuel. A system which will show up at- 
tention as well as neglect, and waste of 
money, at all times, night and day, which 
cannot be bribed or intimidated, med- 
dled with or changed, giving a just and 
true record without favor or bias has a 
value far greater than its intrinsic cost 
and makes it a good paying investment 
beyond all doubt. This is amply shown 
by the interest taken in their work by the 
firemen desirous of making good records 
for themselves where the machines have 
been installed. 


OBJECTIONS TO SYSTEM UNWARRANTED 


The objection raised to this system on 
account of the increased attention called 
for in keeping it in good working order 
should have no more weight as applied to 
this than to any other money-saving ap- 
pliance. CO. recorders are being con- 
structed today which require no more 
care or attention than is given to the 
boiler-feeding system or the oiling system 
in the engine room. 

Against the cost of equipping a plant 
with a complete recording system, tie 
greater cost in waste of fuel, when a 
know-nothing system is in vogue, must be 
considered. One machine takes care of 
about 20,000 tons of coal per year, and at 
$1 per ton a very slight saving will pay 
for the machine. Taking a very conser- 
vative figure, namely, 5 per cent. saved, 
the initial cost is covered in less than six 
months, whereas with this waste going on 
indefinitely, several times the cost of the 
installation is paid out in unduly large 
coal bills every year. 

The unbiased and serious consideration 
of this question leads to but one conclu- 
sion, namely, that an unknown waste of 
this possible magnitude will place one 
competitor at the mercy of the other who 
has become sufficiently wide awake and 
aggressive to avail himself of the full 
value of this up-to-date method. 

The accompanying chart has-been com- 
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puted for bituminous coal. The average 
of twenty samples of coal from West Vir- 
ginia and Pennsylvania mines has been 
taken. The proximate analyses give 68 
per cent. fixed carbon and 24 per cent. 
volatile matter; and the ultimate analyses, 
after drying the samples, give 83.5 per 
cent. carbon and 5 per cent. hydrogen, 
which is equivalent to 94 parts carbon to 
six parts hydrogen in 100 parts of com- 
bustible. 


to READ THE CHART 


lf, for example, the CO. recorder 
shows CO: 10 with a flue temperature of 
600 degrees, follow the horizontal line 
immediately above the figure “ro,” on the 
left-hand side of the chart, until it inter- 
sects with the curve marked “carbon 
dioxide ;” from this point proceed down 
the chart to a point where a vertical line 
if drawn through this point would inter- 
sect the diagonal loss line marked “600° 
EF.” Follow the horizontal line, to the 
right hand, at this point of intersection, 
and the loss is shown in the per cent. of 
loss column, namely, 6 per cent. If the 
flue temperature is 500 degrees Fahren- 
leit, the loss is 5 per cent. This loss. 
is the actual waste of coal figured from a 
point of economy reached in well-man- 
aged plants. 

To find the furnace temperature pro- 
ceed as before, following the vertical line 
from the point of intersection of the hori- 
zontal line “10” with the carbon dioxide 
curve, to the temperature curve, and at 
this point of intersection follow the hori- 
zontal line to the right, where there is 
shown in the column of furnace temper- 
atures, 2200 degrees Fahrenheit. The 
vertical line before mentioned also shows 
the excess of air admitted to the furnace 
in per cent. of weight, given in the upper 
line and the volume by the lower line, 
namely 90 per cent. and 330 cubic feet, 
respectively, these figures being the mean 
of the two nearest numbers marked on 
the chart. 


How 


The loss in the boiler capacity is found 
by following to the extreme column on the 
right-hand side of the chart the horizontal 
line intersecting the line marked “loss in 
boiler capacity” with the vertical line pro- 
jected from the point where the CO, 
curve intersects the horizontal line im- 
mediately above “ro.” The loss shown is 
10 per cent., indicating that the boiler is 
developing 90 per cent., only, of its rated 
capacity. 





Fuel briquets are made in Wales by 
forming a pitchy deposit on each particle 
of coal or other carbon in as thin a film as 
possible, by mixing a liquid tar with the 
coal in such quantity as to produce suf- 
ficient pitch when subjected to pressure 
and heat in closed vessels. In fact, the 
process is a combination of tar distillation 
and fuel briquet manufacture. 
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The High-pressure Hydraulic Elevator 


Operation of the Main and Pilot Valves of the Otis Vertical 


Elevator, 


Including the Electrical Control Sometimes Employed 





BY WILLIAM 


The main valve shown at A in Fig. 204, 
and at D in Fig. 203 is shown in section 
and plan in Fig. 211. The pilot valve is 
at A, and the main valve at C; Bisa 
motor cylinder, the piston of which moves 
the main valve. In this construction, the 
pilot valve is not much smaller in diam- 
eter than the main valve, and the motor 
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211 


FIG, 


piston is very much larger than the main 
valve. The difference in the proportions 
of these parts as compared with the 


valves described in connection with low- 
pressure machines is due to the fact that 
in the high-pressure system the motor 
piston is actuated by low-pressure water, 
so as to make it possible to use a pilot 
valve of large enough size to be durable. 
As is shown in Fig. 203, the tank into 








which the lifting cylinder discharges is 
placed high enough to give enough pres- 
sure to operate the motor piston, and 
from this tank water passes through the 
pilot valve A to the cylinder B. If the 
motor piston were operated by the high- 
pressure water, the pilot valve and its 
port holes would have to be so small that 
the parts could not be made sufficiently 
substantial. For this reason. water at a 
pressure of about 80 pounds per square 
inch is used to operate the motor piston. 
It might be thought that having to dis- 
charge the water inthe lifting cylinder 
against a back pressure of 80 pounds 
would cause considerable loss and make 
the high-pressure system objectionable on 
the score of low efficiency, but this is not 
the case because the main pump draws 
water from this same discharge tank; 
therefore, the back pressure against the 
lifting cylinder acts to help the pump, so 
that in reality the work the pump has to 
do is to force water against a pressure 
equal to the difference between the pres- 
sure of the accumulator and that of the 
discharge tank. The net result is that if 
the accumulator pressure is 750 pounds, 
and that of the discharge tank is 80 
pounds, the actual pressure against which 
the pump acts is 750—80—= 670 pounds, 
and the pressure that acts in the lifting 
cylinder to raise the elevator car is 670 
pounds, not taking into account the losses 
due to friction of the water through the 
pipes and valves on its way from the 
accumulator to the cylinder. 
MAIN AND Pitot VALVES 


OPERATION OF 


The operation of the main and pilot 
valve of Fig. 211 is as follows: If the 
operator desires to run the car upward 
he moves the car lever so as to pull up 
the rope N’ on the right side, thus tilting 
the rock lever N in a counter-clockwise 
direction. The levers N and L are secured 
to the shaft P; hence, the end of L will 
move down and through the connecting- 
rod L’ will pull down the lever L”; and 
the latter, through M, will depress the 
pilot valve. The center pipe E is con- 
nected with the upper discharge tank; 
hence, water will flow in and through the 
lower end of the pilot-valve chamber, 
pass to the lower end of the.motor-piston 
cylinder B, and raise the piston, the water 
above the latter passing out into the pilot- 
valve chamber above the valve, and thence 
to the pipe D. As the motor-piston rod 


BAXTER, 


JR. 


is connected at both ends by arms JJ 
with the ends of the main valve C, the 
upward movement of the piston will lift 
the main valve, and then the water from 
the accumulator coming through the pipe 
Z will pass into the center of the main 
valve through the port S. The ports Q 
will be above the packing R, so that the 
water will pass out into the central pipe 
H and thence to the lifting cylinder, and 
by pushing the plunger out of the latter 
will lift the If the rock 
lever N is tilted in the opposite direc- 
tion, the pilot valve will be raised, and 


elevator car. 

















FIG. 212 
then water will pass to the upper end of 
the motor cylinder and depress the pis 
ton, thus moving the main valve down so 
that the water in the lifting cylinder may 
escape through the ports Q’ into the 
upper end of the main valve and thence 
through the ports S’ to the upper dis 
charge pipe G; from there it passes to the 
discharge tank the top of the 
building. 


near 
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Upon examining this valve-gear it wi 
be found that as soon as the main valve 
moves it acts to return the pilot valve 
to the central position; thus, if the pilot 
valve is raised, the main valve will imme 
diately thereafter start to move upward, 
and then the lever 1”, which is pivoted 


on the arm J, will start to draw up the 


link VW and thereby moving the pilot valve 
toward the stop position; when it has 
lifted the pilot valve to this position, the 
main valve will move no farther, so that 
the extent of the opening of the main 
valve will depend upon the distance 
through which lever V is moved Phis 
action, as will be noticed, is precisely thi 
same as that of the pilot valves of the 
low-pressure systems, so that the prin 
ciple of operation of the valve-gear of 
Hig. 211 is the same as that of those used 
in all other hydraulic elevators operated 
by pilot valves, the only differences being 
in the details of construction. These ar 
greater than the differences between dif 
ferent designs of low-pressure valves 
owing to the fact that the motor piston 
and the pilot valve operate with one pres 
sure of water, while the main valve con 
trols the flow of water from another 
source, which is of much higher pres 
sure The location and relations of the 
levers L, L” and N can be more fully 
understood from an examination of the 
plan view at the top of Fig. 211 rhe 
external appearance of these valves is 
shown in the photographic view Fig. 212 
\llowance must be made, however, for 
the fact that the latter is the reversed 
view, from the rear of Fig. 211 

In some machines the pilot valve is 
rendered unnecessary by the use of a 
hand-wheel in the car, the leverage of 
which makes it possible to move the main 
valve directly. When this arrangement is 
used with high-pressure machines, * the 
valve is altered in construction in the 
manner clearly shown in Fig. 213. In 
this drawing the inlet and outlet connec 
tions are on the left instead of on the 
right, as in Fig. 211. This is due to th 
fact that the drawing shows the valve 
from the reverse side. The only actual 
difference between this valve-gear and 
the one shown in Fig. 211 1s that in place 
of the pilot valve and the motor cylinder, 
a rack / and actuating pinion /” are 
used; the rack being connected with the 
ends of the main valve in the same man 
ner as the motor piston-rod Che arm 
I E are the counterparts of the arms J J. 
In Fig. 213 the ports ./ are shown as 
long slots, but the common construction 
is to make them in the form of numerous 
small holes, so as to prevent the water 
from drawing the edges of the cup pack 
ings into them 

The valves of Fig. 211 are also made 
so as to be operated by magnets when 
ever it is desired to control the car by the 
movement of a small electric switch in 


stead of the lever used with the running- 
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and standing-rope gear. The advantages 
of the electric switch in the car are that 
less space is required for its manipula- 
tion, which is a matter of considerable 
importance if the car is small, and that 
all the more or less complicated rope con- 
nections between the car lever and the 
lever N of the pilot valve are dispensed 
with; in their place are substantial small 
copper wires within a flexible cable ex- 
tending from the under side of the car to 
a point about half the way up the elevator 
well. 





A Discouraging Gas-power Experi- 
ence—Some Reasons for Such 
Experiences 


By A. LEBRECHT 


Referring to the letter under the head- 
ing, “A Discouraging Gas-power Experi- 
page 415 of the March 17 
number, I desire to offer a few comments. 
} am fairly well acquainted with Mr. 
Rushmore’s experience with three differ- 


ent 


ence,” on 


makes of gas engine and producer, 
and admire his courage in favoring the 
gas-power proposition in spite of his first 
The 


will, 


experiences. careful reader of his 


statements however, wonder why 
his interesting narrative was entitled “A 
Discouraging Gas-power Experience,” in- 
stead of the more appropriate title, “An 
Expensive Gas-power Experience.” 

‘Mr. Rushmore is certainly not the only 
man in this country who has experienced 
trouble with gas engines running on pro- 
ducer gas—engines which were originally 
designed for natural gas, illuminating gas, 


or gasolene. This fact, in my opinion, 


to 
of the producer-gas engine in 
country. A 


accounts, a great extent, for the slow 
progress 
this free discussion of this 
subject is of the greatest importance not 
only to the buyer and user of gas engines. 
but also to the manufacturer, for I am 
convinced that Mr. does not 
intend to discourage your readers from 
using gas power, but only wants to guard 


Rushmore 


them against unpleasant experiences simi- 
lar to his. All manufacturers of producer- 
gas engines should give him credit for 
having opened this discussion. 

| do not 
build gas engines suitable for producer 
gas, but merely want to state the fact that 


intend to lecture on how to 


a gas engine must be especially designed 
for use with producer gas. Any sort of gas 
engine will give some service on natural 
illuminating gas, but the best test 
for a well-designed gas engine is a run 
with producer gas. An engine which 
works satisfactorily on producer gas will 


vas or 


operate with perfect ease on natural gas 
or illuminating gas. The gas engine now 
in commission at Mr. Rushmore’s plant, 
like some other gas engines of foreign 


design, was developed on producer gas, 
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natural gas not being available in Europe. 
For this reason foreign engines usually 
give more satisfaction than gas engines 
developed in this country. The Ameri- 
can gas-engine designer is not responsible 
for this state of affairs; it is due to the 
different natural conditions prevailing on 
opposite sides of the Atlantic ocean. 
The ambition of designers to build gas 
engines which can compete in price with 
high-speed steam engines also accounts 
for many failures. A very cheap and at 
the same time reliable producer-gas engine 
The pressures and 
such engines make it 
to the material ob- 
tainable, to employ the best workmanship 


is an impossibility. 


temperatures in 
best 


necessary use 


and make all parts strong enough to 
withstand the most severe strains and 
under the worst conditions. A medium 


speed and an open crank-case which al- 
lows inspection of the driving parts dur- 
ing running will be preferred by any gas- 
engine operator who feels himself respon- 
sible for the engine. There is no reason 
why the frame and driving parts of a 
gas engine cannot be made just as safe 
as on any first-class steam engine, but at 
of all breakdowns of 
gas engines are on these parts, which have 


least 75 per cent. 


nothing to do with the gas-engine prin- 
ciple itself. Merely the demand for and 
the attempt to build a cheap gas engine 
are responsible for such breakdowns. The 
propective customer should compare the 
price of a good producer-gas engine not 
with that of a high-speed steam engine, but 
with that of a first-class compound con- 
densing Corliss engine. 


OVERLOADING CAUSES MANY FAILURES 


Many gas-engine failures are due to 
overloading. Some engines on the mar- 
ket do give their rated horse-power with 
natural gas, but not with producer gas. 
In some cases even the rating with natural 
gas is too high, whether by reason of ig- 
norance of the manufacturer or intention 
to misrepresent I am unable to say. It 
is general practice in this country and 
abroad to rate the producer-gas engine 
at the maximum power it can develop 
continuously with rather weak producer 
gas, as with the ordinary engine an over- 
load is possible only with rich producer 

This fact should be kept in mind 
the buyer of 


gas. 


by a gas engine, and he 
should rather select too large than too 
small an engine. Unfortunately the over- 


loading of engines 





not only the gas en- 
gines—is customary in American practice. 
It would therefore be very advisable for 
manufacturers of high-class gas engines 
to reach a mutual understanding and to 


agree that in future gas engines should be 
rated at, say, 15 or 20 per cent. less than 
their maximum brake horse-power with 
the kind of gas specified. 

Another bad feature, which was men- 
tioned some time ago in Power, is the 
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habit of ignorant or unscrupulous sales- 
men of making promises which cannot 
be fulfilled and statements which can 
hardly be distinguished from lies. Such 
methods of selling are a great hindrance 
to the progress of gas power. The pros- 
pective customer of today is ugually an 
intelligent and progressive business man, 
who will not permit himself to be influenced 
by the exaggeration of facts; on the con- 
trary, it causes serious doubts to enter his 
mind and he becomes skeptical as to the 
true facts. A first-class engine possesses s‘ 
many advantages over any other prime 
mover that nothing but actual facts need 
be presented. Reputable concerns make 
not only such guarantees as they can easily 
fulfil but which they are sure to exceed 
when the engine runs on the test floor of 
their factory. It should also be admitted 
that there are cases where the gas en- 
gine is not the best prime mover. A 
manufacturer who sells a gas engine t 
a man for whom he knows that another 
class of engine is the only right prop 
osition is hurting not only himself bu: 
also the whole gas-engine industry. 
Regarding gas producers, I would sa) 
it is rather easy to build gas producers 
which will produce gas suitable for heat 
ing purposes, but a gas engine, particular 
ly if the load is variable, needs a produce: 
especially built and adapted to the engine : 
the gas producer and engine should he 
furnished by the same maker. This is 
not only in the interest of the manu 
facturer but still more in the interest ot 
the customer. Mr. Rushmore states that 
with his. gas producer it is frequently) 
necessary to dump out the fire and to start 
all over again. | of 
gas-producer plant which runs at constant 
full load 24 hours per day for three weeks 
without stopping to clean fires. 
on inferior 


know one suctio! 


The plant 


runs coke which contains 
about 7% per cent. of ash and the as! 
contains 62.6 per cent. of oxide of iron 
which ordinarily tends to produce hard 
clinkers. At another plant running 01 
anthracite pea coal with 19 per cent. of as! 
10 hours per day, and with changing loads 
they dump out the fires only every eight 
weeks the of cleaning 


for purpose 


evaporator. 


TO OPERATE THAN 
FURNACES 


EASIER 
BoILEeR 


PRODUCERS 


A gas producer is much easier to ope! 
ate and to clean out than a boiler furna 
While 


trained firemen available 


there are, however, plenty 
for boilers, ex 
perienced producer men are rather scar 
Still, it is an easy matter to instruct a! 
man with good common sense in the op« 
ation of a gas producer, but he needs « 
least three or four weeks to acquire t! 
necessary skill. This cannot 
by instruction, but must be learned 
experience. The best method for a 
ginner is to empty the producer entir 


be taug 
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every 8 or 14 days to prevent shut-downs 
during the working time; he will soon be 
able to run for longer periods without 
trouble. 

The species of gas-engine éngineer 
capable of running gas engines is only 
beginning to grow, and to find the proper 
man to run the plant is sometimes a diffi- 
culty which is charged against gas power. 
Only recently a gas-engine owner wrote: 
“It seems like a remarkable statement, but 
it is nevertheless true, that an engineer 
who will get along perfectly with a steam 
engine does not seem to be able to learn 


the few simple things about running 
a producer and _ producer-gas_ engine, 
and even cannot be depended upon 
to fill the oil cups on a gas engine.” 
Many have doubtless had the same 
experience, but I know also. many 
steam engineers who are now. en- 


It is human 
nature that some old licensed engineers 
find it hard not 


thusiastic gas-engine men. 


to be able to use their 
long years of experience acquired with 
Corliss engines. A young, intelligent me 
chanic, who is willing to learn and is 
interested in the problems of internal- 
combustion engines, and who has taken 
part in the erection and starting of the 
plant, generally makes the best gas en- 
gineer and producer man. 

The introduction of any new machinery 
is liable to involve expensive experience 
not only for the customer, but also for the 
the 
ex- 


does 
pioneer work usually pays for the 
perience. 


manufacturer. The man who 
Producer-gas power, however, 
cannot be considered today as new ma- 
chinery or an experiment; therefore, ex- 
pensive experience in this line can now 
be entirely avoided and there is no rea- 
son for discouragement on the gas-power 
proposition. 





[he power for public safety and for the 
security of the lives of employees in in- 
dustrial 


establishments which is exerted 


a large boiler-insurance company is 
of 
its inspection reports for 1907, just pub- 
lished by the Hartford Steam Boiler In 
ection Dur- 


inspectors 


inpressively shown by the summary 


and Insurance Company. 
the 
163,408 visits of inspection, exam 
124,601 
externally ; 


ing the year company’s 
ade 
inspected 
and 
13,799 to hydrostatic pressure, 
| found 700 unsafe for farther use. The 
of defects reported was 
159.283, of which 17,345 were considered 


d 308,571 boilers, 


both 
subjected 


internally 


cfs. 


le number 





rerous. 
gulate your fire by the damper and 
not by the ash-pit doors. Never open 


your fire doors when it can be avoided. 
To keep them open longer than is abso- 
lutely necessary is injurious to the boiler 
wasteful of fuel. 


s 
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Some Rotary-converter Troubles 


and Their Remedies 
By J. E. Bates 


lor about three years the writer was 
in charge of a rotary-converter sub-sta- 
tion for the operation of a suburban elec- 
tric railway. These converters were three- 
phase 60-cycle Westinghouse machines, 
running at 720 revolutions per minute, 
and were of 200.and 400 kilowatts capa- 
city; the potential at the direct-current 
was maintained at volts. The 

transmission - line potential was 
60,000 volts, and the branch that fed our 


end 050 


main 


station was 22,000 volts. 
The secondaries of our 
were to ground 
spark gaps, the width of which are about 
enough to let an ordinary shipping tag 
snugly without pinching. 
These spark gaps were put in for the pur- 
pose of high 
potential reaching the switchboard in the 
of a 
mary and secondary coils of the trans- 


transformers 


connected through a 


slip between 


preventing a dangerously 


event breakdown between the pri- 


formers. At times, especially during a 
thunderstorm, these gaps would are across 
and unless they were put out by the trip- 
ping of the direct-current circuit-breaker 
would sometimes the 
rotary to “buck.” Later, these spark gaps 
were disconnected and their use was dis- 


not always—cause 


continued. 

For a while we were annoyed by oil 
working out from under bearing caps and 
running down over the pedestals, making 
a bad looking mess; again, some of the 
oil would find its way down the brush 
yoke and be sucked into the interior of 
the armature core. It was a difficult and 
dirty job to clean this out and we thought 
had it cured had tied a 
bunch of waste to the brush yoke in such 


a way as to catch and absorb the oil, but 


we when we 


one day the converter “bucked” and this 
of and 
furiously, the flame being sucked into the 


piece waste caught fire blazed 
armature until the rotation ceased, which 
took several minutes from the time of cut 
ting the machine out. 

As another performance of this nature 
was not desired, we removed the bearing 
caps and after softening up some common 
yellow soap by kneading it in the fingers. 
with the addition of a little we 
smeared a light coating of this soap over 


water, 


the entire faces of the caps; after replacing 


them down there 


more leakage of oil. 


and_ bolting was no 
3efore trying the 
soap we had tried white lead, but the oil 
softened the lead and the latter ‘ran down 
the frame, producing an effect that was 
far from ornamental. 

We were annoyed for some time by the 
bucking of one of the converters, and as 


the bucking occurred at irregular periods 


and without apparent cause it was a 
source of considerable worry for some 
time. Sometimes this converter would 
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run along for a month or six weeks with- 
out bucking and at other times it bucked 
perhaps twice a day, perhaps two or three 
times a week. Sometimes it bucked with 
no load and at others with a heavy load 
on. In bucked 
while starting up—at about the time that 


one or two instances it 
the armature was approaching full speed 
and before it could be synchronized and 
cut in. Slitting the brushes with a hack- 
saw and varying the lead of the brushes 
did not help matters any. 

After long and patient investigation and 
correspondence, and getting advice from 
sifted the 
matter down to excessive oil on the com 
The brushes had been boiled in 


about everywhere, we finally 
mutator. 
oil and this, together with what had been 
working out of the bearings, as just de- 
scribed, had caused a slight carbonizing 
of the mica edges between the commu- 
tator segments; then bucking took place. 
We changed to dry brushes and the buck- 
ing stopped, except at rare intervals dur- 
ing a thunderstorm. 
We never had 
count of brushes getting coppered except 
immediately after turning off the com 
We had to watch 
them pretty closely and clean off the cop 


much trouble on ac 


mutator to true it up. 


per quite frequently for a few days, or 
until the commutator began to take on 
that blue glaze that all operators love to 


see. 

The United States Civil Service Com 
mission announces the following exami 
nations : 

On April 15, engineer Indian 
service, Colorado river Ariz. ; 
Application form 1093 may 
the commis 


the 


ageicy, 


in 


salary, $900. 
be obtained addressing 
sion at Washington. 

On May 6 and 7, junior engineer in the 
technologic branch of the Geological Sur 
at $1020 


by 


salaries ranging from to 


Application form 1312 will be re 


vey, 
$1380. 
quired. 

On May 6 and 7, chief engineer, class 
3, in the Coast and Geodetic Survey, for 
service the salary, $115 
per month. Send for application form 304. 


in Philippines ; 


The the Chandler & 
Taylor Company invited a number of the 
of 
witness the operation of a 13xI2 engine, 


other evening 


engineers 


prominent Indianapolis to 


recently built by this company to run at 
277 revolutions per minute and drive an 
80-kilowatt for the School of 
Mines, at Houghton, Mich. The 
was placed on the test-block, lined up and 
started, all the bolts 
removed so that the engine was simply 


alternator 
engine 
clamps and being 
resting on the wedges under the sub-base. 
The balancing was so effective and the 
engine ran so quietly that coins could be 
balanced on edge upon the cylinder and 
frame. The exhibition was the more r 
markable when it was explained that the 
engine had not been previously run for 
more than two hours altogether 


urning Sawdust, Tan-bark and Mill 


POWER 


April 7, 1908. 


Refuse 


Views of a Number of Correspondents as to the Best Methods 
of Handling the Material, and the Type of Furnace Required 





In an editorial in the February 11 num- 
her we called attention to the desire ex- 
a correspondent, that 
mill engineers” 


in 


“ 


pressed by saw- 
be more frequently rep- 
“Practical 
editorial 


resented our Letters” de- 
The 


that it was largely the fault of the en- 


emeers 


partment. suggested, too, 
that they were not better repre- 
sented, because they did not write often; 
and an invitation was extended to those 
interested in the matter to begin a dis- 
of it. ‘Lhe immediate result 
shown in the following contributions. 


cussion is 


Efficient Way to Burn Sawdust 


H. ‘TAYLor 


The principles and methods employed 
in burning sawdust and refuse are vastly 
different from the methods used in burn- 
ing coal, so different in fact, that a man 
who is inexperienced usually tinds it a 
difficult task. To properly burn sawdust 
the boiler settings are widely different. 
Some made 
the sawdust shavings are 
brought by mechanical means and dropped 


are as in 1, herewith, 


lig. 
in which or 
on the grate through chutes. 

In some cases the boilers are set with 
the grates level with the fire-room floor, 
as shown in Fig. 2, and in case of hand- 
firing this it convenient, 
refuse can be pushed in on the grates. 


makes as the 

When starting a sawdust fire, shavings 
or wood are necessary, and after it is weil 
under way and the walls are heated up, 
green sawdust can be made to produce a 
good fire. I 


have sawdust burned 


that the water could be squeezed out of 


seen 


very readily. Sawdust most always burns 
from the top down. What [ mean by this 
the top of the pile will be covered 
with a mass flame, but if this same 
pile is stirred up from the bottom it will 
be found to be green sawdust. 

Care that much 
draft is not used for the purpose of con- 
veying the sawdust to the fire. If too 
blast it will blow out 
at the fire door, or over the bridgewall, 
and thus in a very short time will fill up 
the rear combustion chamber with ashes, 


is, 


ot 


must be taken too 


strong a is used 


making frequent cleanings-out necessary. 
It is also liable to burn out the blow-off 
pipe. 

There is great virtue in sawdust, 140 
cubic feet of which approximately equals 
a cord of wood. Grates having about 
'4-inch air spaces are the best to use, as 


by using a wider grate 
liable to fill the 

short time, if not 
out the grates. 


the sawdust is 
ash-pit and in a very 


attended to, will burn 


but all to no purpose. As a last resort ; 
blower was installed in the mill to vdici 
up the dust and feed the fire. Even this 


was a failure, as it was conducted into the 
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ONE TYPE OF 


The bridgewall should not be more 
than 9 inches from the shell of the boiler, 
and I have found it to be an improve- 
ment to have a long bridgewall, as shown 
in Fig. 1. This method conducts the heat 
along to the shell and 
keeps it where it is necessary to do the 


most good. | 


and flames close 
have seen boilers rigged 
up in a positively criminal way for burn- 
ing sawdust firm in 
particular having installed a battery of 
four boilers exactly the same as if coal 
were this all the 
sawdust and shavings had to be shoveled 
in, and notwithstanding that the fireman 
had a wooden shovel nearly as large 


and shavings, one 


to be used. In case 


as 


the grate, it was one continual session of 


| 


SETTING 











DESCRIBED BY MR, TAYLOR 


furnace over the furnace door. This gev: 
the chute an angle that delivered the saw 
dust at the base of the bridgewall at th 
back end of the grates, afid after a short 
time it filled up to a certain extent, and 
most of the dust went over into the com 
bustion chamber, filling this and burning 
out the blow-off pipe. 

It is also essential that a good draft be 
obtained. This was evidenced by an in- 
cident that occurred in a plant of which 
the writer had charge. 
the and were 
pushed into the furnace, the grates I 
ing level with the The fireman 
gathered a large pile of fuel in front of 
the fire and, the door, 


In this particular 


case sawdust shavings 


floor. 


door opening 
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ANOTHER SETTING 
Added to this was the in- 
ability to produce steam on account of 
so much cold air being admitted to the 
fire. Fireman 


shoveling. 


after fireman was hired, 


7 


Fire Door 


Door to clear | 
out Ashes | 
— 














> 
SUBMITTED BY MR. TAYLOR 
pushed it into the furnace, 
Volumes of smoke and 
the pile, but no flame. 
fairs 


filling 


gas arose fr 


This state of 


existed for a few minutes, w! 
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there was a violent explosion, the fire 


loor being thrown open and a mass of 
lame bursting forth, severely burning the 
ireman and shaking the whole battery. 
lhe combustion chamber, tubes, ete., had 
vecome filled with this gas and the mo- 
nent the fire degan to blaze it ignited this 


vas, resulting in the explosion. 


Burning Sawdust, Shavings and 
Mill Refuse 





By FLoyp FREEMAN 


sawdust, shav- 
think that 


a fire at least 12 inches thick, 


In regard to 
mill 


iould carry 


burning 
ings and refuse, | one 
r thicker, and have a good draft. 
ring is done with the ash-pit doors open, 
are should be taken to keep a good body 

fire, or it will cause leaky girt seams, 
providing return-tubular boilers are used. 
li straight-draft boilers are used it will 
use leaky flues on the fire-box end of 
he boiler. 


in regard to economy where no coal is 





If the - 





POWER 
Recommends a Dutch Oven 
By Georce R. WILLIAMS 


mill in the South 


installed a 72-inch by 18-foot return-tubu 
lar 


Several vears ago a 


boiler which furnished plenty of 


steam until they put in a steam feed. Then 
it was impossible to keep everything going 


at full speed. All the logs were rafted to 


the mill, and consequently all slabs and 
dust were well soaked with water. 

The writer was requested to try some 
way to make the boiler generate more 
steam. Upon examining that furnace and 
several others in sawmills I found that 
none of them had any flame in the fire- 


box until the fuel had been nearly all con 


sumed, and bv that time it was neces- 


stry to replenish the supply by adding 
more wet dust and _ slabs. The smoke 
box and lower part: of the stack were 


frequently filled with flame, which showed 
that a the fuel bed, 
and that it did not burn until] it reached 


gas was formed in 
the back end of the boiler, also it gave up 
its heat in the tubes and stack. This led 
me to believe that if an extension fire-hox 
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Earth Filling 


FIG, J] 


with sawdust, ete. if a plant is 
rge enough to employ a fireman, just as 
g results can be had as in a plant in 
Whie) coal is burned, both plants being 
me size, without any special injury 
boilers. But if the engineer is also 
oil nd fireman, I do not think he can 


tice to his plant. 

















n Line A-B 

MR. WILLIAMS’ FURNACI 
was built out in front, the flame would 
be where it would be most effective, viz, 


along the full length of the boiler shell 


and in the tubes. This was done. 
the 


in two on the line 4 B Fig. 2, which shows 


Fig. 1 shows furnace as built, cu‘ 


the front, half elevation, and half sectional. 


The boiler front was sectional, and the 








lewer part containing the doors was taken 
off and used for a front for the new fur- 
nace. After the apparatus was tried and 
found to be all right, the top corners of 
the 


front were worked around with a 


diamond-point chisel, and broken off to 
The 


old grate-bars were used, so all the addi 


conform to the shape of the arch. 


tional cost was for the brick and the labor 
of laying them, and the extensions on the 
through-bolts to hold the front 


also 


up: 
four small buck-stays and cross-bolts to 


truss the furnace so the arch could hot 
spread 

This outfit worked admirably, and, as 
the fireman expressed it, “made slathers 
of steam.” 

If any engineer who uses sawdust has 


trouble keeping his boilers hot he will find 
the dutch oven here described a great im 
provement over 


a furnace directly under 


the boiler 


Oven for Burning Wet Sawdust 


By J. F. 


KINGSLEY 


lhe sketch (on page 538) is designed to 


show chiefly the arrangement of an oven 
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ones! 


vation 























Half Section and Ele 


FIG, 2 


and arch for burning wet sawdust, spent 
the 


tan-bark from and other t 


fuel. 


vats Ww 
The oven is the important feature, 
as the roof becomes intensely hot and will 
cause the fuel, however wet, to flash into 
flame. <As_ will the 
is fed by a 


be seen, furnace 


The 


veyer 1s commonly used in tanneries, but 


conveyer. screw con 











, 
30 
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the sprocket-chain conveyer is in general 
use in sawmills. This conveyer leads 
outside where the surplus may be burned, 
or disposed of otherwise. The slide is 
opened more or less so as to make it self- 
operating. The fire door and other doors 
are as necessary as on other furnaces for 
steam boilers. 

To get up steam to start with, it is the 
old custom to have a large cavity back of 
the bridgewall, as shown by the dotted 
lines, but I prefer to extend the wall 
back, as shown, keeping the same distance 
from the boiler throughout, for I have no- 
ticed, where doors havé been convenient 
to observe what was going on inside, that 
the heat or flame drops away from the 
boiler, if allowed to, and having a large 
cavity causes eddies to form. The cavity, 
or smoke-box, at the back end should be 
large enough ,to work in to repair 
flues, ete. 

The great trouble with locomotive- 
shaped boilers is that the fire is sur- 
rounded with comparatively cold walls 
and roof. In one case where the front of 
the fire-box was cast, and removable, it 
was taken out and an oven built out in 
front six or seven feet, and fired with 
sawdust and slabs. It worked success- 
fully. ‘ The locomotive fire-box is not of 
much use for stationary work, or for 
economizing fuel of any kind. 


Burning Coal with Tan-bark 
By J. BarrHo 
I am engineer of a _hemlock-extract 


plant located in Port Allegany, Penn., and 
have charge of two boilers set up as in 








Smoke Flue 
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much as four tons per day. This coal I 
have been feeding in No. 1 feed-hole, there 
being no other feeding doors in the fur- 
nace. Now the question is, if any better 
results could be had by getting the coal 
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there a collector can be used to good ad- 
vantage. The collector separates the saw- 
dust from the strong blast, which would 
tend to cool the fire. The sawdust then 
can be fed from the collector (which 


) 
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Beiler Flue 
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Feed Hole for 
Coal and Tan 
2 asacennes 



































MR. BARRHO’S TAN-BARK FURNACE 


more under the boiler, or if the hight 
should be greater in the furnace, between 
the grate surface and the boiler. 

When I am using coal, the balance of 
the furnace is filled with burning tan fed 
in holes 2, 3. 4 and 5, so no grate surface 
is exposed. The coal we use is the regu- 
lar run-of-mine soft coal. 


The Dutch Oven Best 


By: A. F. 


GRAVES 


For a stationary boiler up to 75 or 100 
horse-power, an fire-box will 
serve very well, but for a boiler of more 
than 100 horse-power I would recommend 


ordinary 


should be placed above the boiler room) 
down to the dutch oven. 

When a dutch oven is used the flames. 
and heat pass along the whole length of 
the boiler, while with the ordinary fur- 
nace the flames touch only about three- 
quarters of the entire length. The dutch 
oven is also fired without opening doors, 
which is quite an item, if the boiler is 
hand-fired. 

Grates for an erdinary furnace up to 
100 horse-power should be placed about 30 
inches below the shell. For burning saw- 
dust and shavings use a flat grate with 


24-inch holes spaced 1% inches apart. 


Keep the grate free from dirt which will 
accumulate, and the fire will have plenty 
of air. 
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Sprocket Chain 
Conveyor 









Slide to open 
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the accompanying sketch. Our chief fuel 
is tan-bark fed through five feed-holes in 
each furnace. Occasions arise when we 


do not have sufficient bark for fuel and 
then we have to use coal, sometimes as 


30 990900! 
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Cavity Filling 


MR. KINGSLEY’S OVEN FOR BURNING WET SAWDUST 


the dutch oven. With this type of furnace 
sawdust can be admitted at the top or at 
the fire door. 

In many plants large fans are used for 
conveying the sawdust from the mill, and 
















The draft should not be too strong not! 
too weak, and depends greatly on the fur 
nace and the amount of steam required 
Excessive draft will blacken a sawdu 
fire just as quickly as weak draft. 
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Plugged the Safety Valve 


Sunday morning, March 8, at about 
):40 o'clock, a boiler belonging to the 
‘rowley-Eunice Oil Company, located in 
the Jennings oilfield, exploded. The 
oiler was of the locomotive type, 44 
nches in diameter and 16 feet long, with 
the dome placed directly over the fire-box. 

It is not known how much steam was 
n. The fireman had been talking to 
some friends a short distance away, and 
on returning noticed that the needle on 
the gage was around against the pin, and 
is the gage registered 200 pounds, and 
the safety valve was displaced by a plug, 
there was evidently a pretty high pressure. 
The fireman shut off the oil burner and 





60 feet from its setting. 


POWER 


tom of a derrick and came down about 
The rear end, 
containing the furnace door, was carried 
about 600 feet and landed in the road. 





Vacuum Cleaning Plant 


Another class of apparatus which the 
engineer must prepare himself to under- 
stand and take care of is that designed 
to remove large quantities of air in con- 
nection with vacuum cleaning systems. It 
is so obviously better to draw the dust 
which settles into the carpet and upon the 
wares and merchandise of a commercial 


establishment, or upon the furniture of 








started on a run, calling to the scores of 
workmen in the vicinity, but had only 
time to get a short distance away when 
the boiler let go, scattering fragments all 
ver the field and killing a driller on a 
near-by rig, and probably fatally injuring 
contracting teamster who was passing 
ihout 50 yards away. 
The stay-bolts bracing the sides of the 
box seem to have been the first to 
The outside sheet on either side 
ripped loose the entire length of the seam 
folded back over the dome, thus cut- 
ing the boiler in two. The dome, with the 
sheets attached, was carried far above the 
top of the derricks and landed 150 feet 
away. The shell passed through the bot- 


gO. 










an office, into a suction and to 
discharge it where it can be taken care 
of, than simply to stir it up with a dus 
ter and let it settle again, that installa 
tions of the sort illustrated herewith are 
bound to become common. 


system, 


That repre 
sented by the engraving is the largest 


plant of the kind in the world, and is in- 
stalled at the retail store of Marshall 
Field & Co., in Chicago. It consists of 
three 26x12-inch double-acting compres- 
sors running at 150 revolutions per min- 
ute, and three 40-horse-power Westing 
house direct-current motors, and it has 
a capacity of 30 sweepers with 15 inches 
of vacuum, 40 at 13, 50 at 11 and 60 at 
9 6/10 inches. 
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New Data 


on Storage of Coal 


investigations of coal storage 
by the engineering experiment station of 
the University of Illinois seem t 
that considerable takes 
whenever coal must be stored for 
length of time. Very litthe was known 
about the best conditions of coal storage, 


Recent 


indi 


cate loss place 


any 


but many large users of coal recognized 
the fact that they were losing some of the 
heat value of their fuel 
stored for a time before using. 
sults of the investigation confirm the re 


when it was 


The re 


cent theory that coal deteriorates least 
when submerged under water. It was 
found that coal thus stored lost prac- 





THE LARGEST VACUUM CLEANING PLANT YET INSTALLED 
(Part of the Power-plant Equipment of Marshall Field & Co.'s Store, Chicago, 


Ill.) 


tically nothing of its heat value, while 
coal exposed to the air lost practically 
from 2 to 6 per cent. in five months. The 
loss is essentially the same where the coal 
is kept in closed bins. Practically all the 
loss takes place in the first five months of 
exposure. 

Copies of the bulletin embodying the 
results of the investigation may be ob- 
tained from the director of the engineer- 
ing experiment station, Urbana, III. 





On March 26 a steam pipe exploded in 
the works of the American Steel and 
Wire Company, Allentown, Penn., killing 
one or two men and scalding others. 
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from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 








The Reliability of Gas Power 





On page 266 of Power for February 18, 
there was an editorial entitled, “The Real 
Factors in Gas-power Developments.” One 
of the relia- 


bility of operation. 


factors mentioned was 


Of course, there are 


real 


gas engines and gas engines and among 
them been that only 
trouble from the time they were installed 
to the time they were thrown on the junk 
however, 


have those gave 


heap. There have been some, 
that have 
fectly reliable; here is an instance of one: 

At the Brunner Mond Works, at Win 


Was 


shown themselves to be per- 


nington, Cheshire, England, there 
(and may still be) a Mond producer and 
a 120-horse-power Crossley engine. The 
records of the performance of this plant 
for a period of something over two years 
are available. It made the following long 
runs without stopping : 


Period, Complete Days. Hrs. 


Dec. 21,1897 to Mar. 20, 1898 90 2160 
April 2, 1898 to April 22, 1898 20 480 
April 22, 1898 to May 28, 1898 36 864 
May 28, 1898 to June 22, 1898 25 600 
June 22, 1898 to July 22, 1898 30 720 
Aug. 13, 1898 to Oct. 138, 1898 61 1464 
Oct. 13. 1898 to Dec. 30, 1898 78 1872 
Jan, 31, 1899 to June 19, 1899 138 3312 
June 26, 1899 to Sept. 7, 1899 73 1752 
Sept. 8, 1899 to Nov. 7, 1899 59 1416 
Dec, 14, 1899 to April 25, 1900 131 3144 


The hours given are for complete days, 
the odd hours not being included. Between 
these long runs, there were shorter runs 
and the total number of hours in opera- 
tion were as follows: 

During 1898, the engine ran 8356.5 hours 
out of a possible 8760 hours or 95.4 per 
cent. of the total elapsed time. During 
tog, the engine ran 8574.4 hours out of a 
possible 8760 hours or 97.8 per cent. of the 
total elapsed time. During these two con 
secutive years, therefore, the engine ran 
16,930.9 hours out of a possible 17,520 
hours or 96.6 per cent. of the total elapsed 
time. 

During these two years, the average 
load was 88.8 clectrical horse-power or, if 
we assume a generator efficiency of 90 per 
cent., 08.7. brake-horse-power, which was 
practically five-sixths of its nominal rat 
ing. During the entire two years, both 
day and night, hourly readings were taken 
very complete data obtained. The 
plant was, at that time, under the super- 
vision of Herbert A. 
Northwich, England, and it is through his 
that 


and 
Humphrey, of 


these data are available. 
C. W. StTevENsS. 


courtesy 


Mass. 


Re ston, 





We PAY FOR USEFUL 


[We are glad to learn the foregoing 
facts, although they do not bear directly 
upon our editorial, which, naturally, was 
based on American conditions. We might 
point out, however, that our editorial did 
not assert that there are no reliable gas 
the gist of it was that reliability 
fuel 


engines ; 


is more important than high econ- 


omy.—Eb1rors. | 





A Lubricator Trouble 


When a 


overhauled 


1200-horse-power engine was 
the which had 
previously behaved well, got its share of 
touching up, with the result that when 


lubricator, 


the engine was put into commission again 


had a “lubricator trouble.” It would 


we 

feed backward until the steam pipe C, 
B F (see cut) was blown out, when it 
would feed in the right direction for a 


After con- 
considerable 


little while and then reverse. 
talent had 
tine’ investigating, it was discovered that 


siderable spent 


=p ir. 
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cators, some non-talented person quietly 
told the steamfitter to shorten the pipe B, 
so as to make the length C horizontal, or 
even to have D a trifle higher than E£, the 
trouble being that D was lower than E, 
making a trap which caused the condensa- 
tion to be forced up into B and make a 
heavier than the 
column in /, in consequence of which the 


column of water in B 


lubricator reversed its action. 
R. Mac. 
Toronto, Ont. 


Causes of Knocks in Steam Engines 


[f some of the statements made by C. J 


Larson in his third article (in the Febru 


“ 
——— O) 

| |. 
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Lubricator 
eva 
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Former Position 
of Line C 


















Separator 


ILLUSTRATING A 


the outlet 4 was a %-inch connection, 
while the pipe C, B, F was ¥% inch, 
making the total opposing pressures 


(%2)° 0.7854 & Pand (1%)? 0.7856 P, which 
showed that they could figure some. The 
back pressure being the greater it was de- 
cided that it was impossible for the lubri- 
cator to work properly. 

Alterations made no improvement, so 
decided that theory could not 
always be relied upon, in, engine practice, 
anyway. After the talent had got pretty 
tired of the job, and of hydrostatic lubri- 


it was 


LUBRICATOR 





rROU BLE 


ary 25 number) on the “Causes of Knocks 


in Steam Engines,” are correct, I thin! 
we will all have to go to school again an 
learn all over. He says that to test tl 
crank-pin for parallelism all we will hay 
to do is to disconnect the rod at the cros 
head end, turn the engine over slow] 
and note every side movement of the fr 
end of the rod. Now, | that thi 


as a long swinging 


claim 
is “dead wrong,” 
is liable 
pin is 


to.move sidewise, whether t! 


true or not, unless we key tl 


crank-pin up tight. The way I alway 
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try a crank-pin for parallelism (and | 
have never known them to be tried any 
other way) is to place a graduated level 
on the crank-pin and turn the shaft a 
pin with the 


level at eight equi-distant points in a com- 


complete turn, trying the 


plete turn and noting the variation in the 
If the level indicates 
the same at each point the pin is O. K., 
otherwise it is not. 

[ do not think that Mr. Larson’s method 
of ascertaining if the 


level at each point. 


crosshead pin is 


square with the piston-rod is very ac- 
curate, as the best connecting-rod would 
throw him out when he turned it bottom 
up and keyed it again; also, the stub end 
of the connecting-rod being out of square 
the crosshead-pin boxes are likely to be 
of the 
these would throw him out. 
to that the 


ascertain if the crosshead pin is out 


out square, or strap, and any 


It occurs me best way 


square with the piston-rod is to use an 
accurate straight-edge. (the longer the bet 
ter) two blocks, of 
such length that when 
against the piston-rod and the straight-edge 


and which must be 


they are placed 
against them, the straight-edge will just 
clear the side of the crosshead. Then ex- 


tend the straight-edge past the front end 
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wrist-pins all of the same size, and | tind 
that the one which has the least motion 
is the one that wears the fastest. 

JosHua L. BICHELL. 


Baltimore, Md. 





Can an Indicator Detect Leaks > 


Can any reader of PowrER give me an) 
authority for the statement that you can 
detect a leaky piston or a leaky valve by 
an indicator diagram, and if so, what is 
the shape of the diagram? 

GEORGE Lyon 
New York, N. Y. 


Peculiar Experience with a 
Boiler 

A few while in charge of a 

plant in the southwestern corner of the 

United States, the writer had 


years ago, 


an experi 


ence unlike anything he has heard of be 


fore or since. This plant consisted of two 


boilers, and other steam accessories not 


pertinent to the incident. Only one boiler 
Was in-service at a time, it being the cus 


tom to change about every two weeks. 

















Crosshead Pin 
y >» 
Piston Rod ’ . 
Neaeet Square 
Wooden Blocks - Sr « 
| J | 
Straight Edge | 
TRUING THE CROSSHEAD 


if crosshead, place the square against the 
straight-edge and square over in front of 
Next measure from each end of 
the 
inents are the same the pin is O. K. 


the pin. 
the pin in the square; if measure- 
The 
accompanying sketch shows the method of 
applying the test. 

\ir. Larson further says that the greater 
wear always occurs at the crank-pin, due 
o the motion. This is not 
rect, In my opinion, as all of the engines 
which l 


fastest at 


greater cor 
have handled always wore the 

the 
one in which I key the crosshead 


crosshead-pin boxes. | 
ive 


in boxes six times to once of the crank- 


in. It seems to me that the engine 
uilders have been working on Mr. Lar 
ms theory, as they usually make the 
rosshead-pin boxes smaller than the 


rank-pin boxes. I think they should be 


' the same size. I have in mind a pair 
f engines which had 5-inch crosshead 
10-inch 


n boxes and 


\nother 


crank-pin boxes. 
the 


xes wear, fastest is because of the rock- 


reason why crosshead 


g motion which they receive from the 


nnecting-rod, which prevents perfect 


brication. I have proved this on sev 


al occasions. One of my engines has 


‘k-shafts in the valve-gear and several 


In this case No. 
and No. 2 had 


1 boiler was in service 


been 


lving idle for one 
week. It was customary to let the “dead” 
boiler stand with water in, so as to be 
ready for service in case of emergency, 


until time to clean, when the boiler was 
drained, cleaned, refilled and warmed up, 
ready to fire up on short notice. 

had 


These boilers 


two manheads, or 
manholes, one on top and the other in 
front head, under the flues. In this case 


the top head had not been disturbed, but 
the 
boiler washed out. 


lower head was removed and_ the 


The writer had just 
crawled out from making an internal in 
spection, had placed the manhead in posi 
tion, and was about to put on the crabs, 
when there were a hissing and a puff of 
steam, and the head was slammed into 
place with a snap. 
gage 


and the hand went rapidly around until 


\ hasty glance at the 
showed 15 or 20 pounds pressure, 
it registered 8o pounds, the same as No. 1 
b viler. 
As it 


gaskets on the heads and use them over 


was customary to graphite the 


and over, as long as they would last, th 
joint was steam-tight as soon as it was in 
place. 


It seems that the engineers in the plant 














541 
the habit of using a 
monkey wrench or other leverage on the 
otf 
to close them tightly, and the valves being 


must have been in 


hand-wheel the stop-valves, in ordet 
swivel-seat globe valves, the end of the 
valve-stem bearing on the brass seat had 
almost pushed through; in fact, it was so 
that it that 
The from 

top 


nearly gone let go at par 


No. 1 
of 


ticular time. pressure 
of the 
this, added to 
m, did the trick. 

the 


and, after they 


valve seat 


the 


boiler 
No. 2, 
the 

We 


night, 


Was On 


and strain on 
Ste 
that 


SOT 


off the 
had 


what, removed the bonnet from the No. 2 


shut steam mains 


cooled 
found the center of the valve 
of 
thick and the size of a half dollar) lyine 
in the bottom of the valve. We 
the valve-stem and replaced it 
bolt 


the head inside, and packed the bolt steam 


valve, and 


seat (a piece brass about 3/16-inch 


removed 
with a 
shoved with 


suitable-sized through 





tight with asbestos wick, after which w« 
replaced the bonnet and sent the valve 
stem and seat to a shop for repairs. The 
next night the repaired valve seat and 
stem were replaced. 

When regular cleaning time for No. 1 
boiler came around again, we shut her off 
and examined the No. 1 stop-valve, but as 
it looked all right we left it in services 

J. E. Bares 

Spirit Lake, Idaho 

Saving Oil 

\round all big plants thousands of 

dollars are spent annually to make a say 


ing or cheapen production; but here is a 


way to save oil at no great outlay of ex 


pense 


In most factories lubricating oil is reé 


ceived in barrels holding about val 


50 
turn 
after 


lons each. These barrels in arc 


emptied into a receiving tank and 
th 
of by shipping them back. 


that 


ward set out in yard until disposed 


It is right her« 
all the o1 1 
barrel, a great 
thy 


oil is wasted, in that 


the 
being abs irbed by 
the 


not 
deal 


and 


emptied out of 


wooden cask 
to the 


winter, due to 


balance sticking sides 
This is greater in the oil 


running 
this 


being thicker and 
To 

structed a 
so that a 


more slowly. 
overcome 
steel 


steam coil can be 


dificujty we con 


box larger than a barrel 


placed inside 


of the box also The empty barrel is then 


placed inside and baked \fter a sufh 
cient length of time the barrel is taken 
out and from 1 to 2% gallons of oil is 


obtained that otherwise would have been 


lost. If 


year 


a firm uses 500 barrels of oil a 
this 


gallons 


and 2 gallons is obtained by 


method per barrel, making 1000 
per year, it would, at 25 cents per gallon, 
make a saving of $250 per year. 
The steel box could be made larger to 
accommodate as many barrels as desired. 
VULCAN. 
Pittsburg, Penn 





Warming an Engine 


R. Manly Orr suggests in the February 
25 number, page 300, that steam is prob- 
ably being taken to warm the engine 
room in cold weather. Steam was taken 
in the middle of June as much as in the 
middle of January. Exhaust steam after 
passing through the feed-water heater 
is thrown out on the roof and live steam 
is used for heating the building in cold 
weather. In our case it is impracticable 
to warm the engine room by steam in the 
cylinders, as the engine house, or what 
we call the engine house, is only partially 
inclosed and the engines are vertical with 
cylinders on top. The shafting for the 
machinery runs under the floor and the 
engine.is direct-coupled with a friction 
clutch. The partition separating the engine 
and machinery does not rise to the top 
of the cylinders and the heat radiated 
from the cylinders can easily get away, 
especially in cold weather. The engine 
is an expansion slide-valve engine, one 
slide riding on the other, that is, on the 
high-pressure side; on the low-pressure 
side, a simple slide valve distributes the 
steam. The engine is generally stopped 
with the high-pressure crank just past the 
dead center ready for starting. 

On several occasions after steam has 
been blowing through for a little while 
the engine has started turning. Not very 
long ago, about 8 o’clock one morning, 
three or four persons, including the fire- 
man, stood watching the engine turning. 
When Minnabs found out what they were 
all looking at, he was all flush and flutter 
to get at the stop-valve. He said it started 
“on its own hook.” The smaller engine 
is now giving trouble so the big engine 
has to do more work. The little engine is 
steam-jacketed and the jacket steam runs 
right through into the exhaust. We find 
it much easier to fire for the big engine 
than, for the little one, that is for any 
given load up to the fullest capacity of 
the little engine, but it took a long time 
to drive it into other people’s heads that 
it was so. 

Here is another interesting little item. 
Minnabs having gained one point, made 
a bold stroke to gain another. One day 
I learned he had suddenly taken to throw- 
ing open the drain taps on the running 
engine (the little one), and keeping them 
open three to four hours in a morning. 
(The drains are led into the exhaust.) 
He said the boss had given orders that 
they had to be opened every day. Having 
tumbled to the idea from previous ex- 
perience that “the boss says so” is a stand- 
by excuse used in cases of emergency, I 
said if he kept it up when it came to ny 
turn on with him IT would see the boss 


myself. The fireman kept up his grumble 


and Minnabs kept up his bluff, until my 
turn was drawing near, and then, one 
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morning I thought I would meke a closer 
examination of these taps so as to be 
more sure as to how things stood. I 


thought I wasn’t seen, but I was. What’s 
wrong with them? Nothing. That was 
the last of it. Orders or no orders, that 
experiment came to an abrupt termina- 
tion. 
A. LANCASHIRE Lap. 
Manchester, Eng. 





Pitting in Steel Steam Pipes 





The accompanying illustration of pit- 
ting in a steel steam pipe is submitted in 
the hope that some reader will name a 
remedy for the pitting, or, rather, a pre- 
ventative of it. This plant has been in 
operation two years and I have had 
charge of it a little more than one year. 
One day I took down a section of 8-inch 
pipe and found it badly pitted. Thinking 
it an old piece, I took down a piece of the 
main 12-inch pipe and found that in a 

















WHAT CAUSED THE PITTING? 


similar condition. The sample shown in 
the photograph is out of the main pipe. 
We noticed that the rivets on the circular 
parts of the steam drum were attacked, 
but those on the longitudinal seams were 
not affected. 

The same condition was found in the 
boilers: the rivets below the water line 
not being affected. The company had the 
water analyzed by a Halifax chemist, 
who recommended using in the feed- 
water a pail of lime slacked in a barrel 
of water every 24 hours to keep the pipes 
coated with lime. So there is not a great 
deal of corrosion in the feed-pipes. We 
have been advised by a boiler inspector 
to paint the steam drums and steam-space 
walls in the boilers with zinc lead mixed 
with coal-oil. I suppose it will be a tem- 
porary remedy. 

In other plants where I have worked 
I Suspended zinc in the boilers to keep 
them from pitting, and the boiler inspector 
found no such trouble as in the present 
case. ; 

W. O. Rosinson. 

Springfield, N. S. 
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Best Way to Run a Steam Main 


While looking over the March 17 num- 
ber of Power, I read with interest the 
article on “Steam Mains,” by A. M. 
Leach. As he asks for suggestions I will 
try and make clear my version of the 
case. To begin with, there seems to be a 
lot of unnecessary piping in the present 
lay-out. This of course means a good dea! 
of condensation, and condensation means 
a loss of power and money. As Mr. 
Leach does not give us the entire length 
of steam pipe from boiler No. 1 to the 
engine, it is impossible to figure the loss 
from condensation which, however, must 
be considerable. 

The temperature of steam at 150 pounds 
pressure is approximately 366 degrees 
Fahrenheit, and assuming the steam pipe 
to be running through an atmosphere of 
40 degrees, there remains a difference in 
temperature of 326 degrees. The circum- 
ference of a 4-inch pipe is 12.5664 inches, 
and this equals approximately one square 
foot of surface for radiation to each run- 
ning foot of pipe. The circumference of 
a 6-inch pipe is 18.8496 inches; this gives 
us approximately 1% square feet of radia- 
tion for each foot in length. There are, 
therefore, in the combined surface of the 
two pipes, about 2% square feet of sur- 
face for condensation to the combined 
lineal foot of the two pipes. The area of 
these two pipes jointly is 40.8408 square 
inches. It would, therefore, appear to me 
that better results could be had by run- 
ning a single main of adequate size to 
take the place of the two pipes, especially 
as Mr. Leach states that diagrams taken 
from the old engine show wire-drawing. 

Mr. Leach dees not say whether the 
new engine is to be used in addition t 
the old one, or alternately. If it is to be 
used in addition, then an 8-inch pipe 
would be too small, as the two 6-inch 
lines to the engines would have a com- 
bined area of 56.5488 square inches and 
would have a larger area combined than 
the main itself. 

Neither does he state the size of the 
pipe to the Burnham condenser. Assum- 
ing the feed-pump to be fed by a 1-inch 
pipe and the Sturtevant engine by a 1%4- 
inch pipe, this with the other pipes men- 
tioned would make an aggregate area of 
10.0134 square inches, and this in addi- 
tion to the area of the two 6-inch pipes. 
make an aggregate area of 66.5625 squar« 
inches. 

The area of a 10-inch pipe is 78.54 
square inches. Considering the combined 
area 66.5625, there would be approxi 
mately 11.9775 square inches of pipe area 
remaining to provide for the Burnham 
condenser and any small incidentals. It 
would therefore appear to me that the 
best way both from a practical and theo 
retical standpoint would be to run a single 
main across the tops of the boilers, re- 
moving the 4-inch cross-valves on No. 2 
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and No. 4 boilers and connecting the full- 
sized 6-inch pipe to the main with stop- 
valves of equal size. 
CHARLES H. TAYLor. 
Bridgeport, Conn. 


In reply to the question asked in the 
March 17 number, under the heading. 
“The Best Way to Run a Steam Main,” 
by A. M. Leach, I should suggest the use 
of a 12-inch header parallel with the wall 
above the 4-inch manifold, this to be 
connected to the two engines by means of 
loops, both of these rising from the top 
of this header and bending over to the 
engine to allow for expansion. The pres- 
ent 6-inch main between this header and 
the boilers 3 and 4 should be increased in 
size to at least 8 inches. The use of the 
12-inch header will serve to smooth out 
the flow of steam and cut down the wire- 
drawing. It might be advisable to in- 
crease this even to 14 inches, this pipe 
acting as a receiver. 

I think this will be the cheapest and 
most satisfactory method of getting steam 
to both engines. 

Henry D. Jackson. 

Boston, Mass. 





Recent Fly-wheel Accidents 


Referring to the article in the March 3 
number, page 316, entitled, “Recent Fly- 
wheel Accidents,” how is it possible for 


3 Steum Main 
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Why the Boiler Wouldn't Steam 


Some time ago I was called upon to ex- 
amine a boiler in a small cleaning plant, 
to try and find out why it would not 


generate steam. I found three conditions 





Jottom Row 





543 


timber, hung it on the front of the boiler 


In 
work 


of 


that way | 


the 


and used it for a ram. 
loosened it 
out. I 
in the 


measured 


enough to cover 


the boiler 
Fig. 2. | 
formation 


found the inside 
condition 


the 


shown in 


scale every 06 
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The boiler was of the hori- 
zontal type, 48x12, with forty-six 3-inch 
tubes, with manholes in front head 
and on top of the dome. It had lain idle 
for almost six months. The man in charge 


prevailing. 


the 


claimed that there was nothing wrong in- 
side, so I examined the stack and found 


‘that all right and that there was a good 


draft; after waiting two hours I decided 


to open the boiler. I was very sorry for 


it later. There was a plug G, Fig. 1, in the 
blow-off valve F, and I found out that 
the connection to the sewer had _ been 


broken and they had simply plugged the 
valve so as to prevent wetting the floor. | 
opened the cock to blow it down, but 
got no water, so I secured a wire and 
rammed and pushed for a half hour, but 
there was “nothing doing.” Next I broke 
the elbow at J and put the wire in there 


K , 
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8 Safet y Valve 
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Tube at C 
(Lower Row) 
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3 Safety Valve at B 


FIG 


the low-pressure cylinder of a compound 
ngine to draw a dose of water from the 
ondenser while in operation? Please give 
ype and location of condenser. 
H. A. HickMan. 
Kansas City, Mo. 








Scale 
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The water started off so quickly it gave 
me a good bath before I could get out of 
the way. 

After all the water was 


out, I tried 


the manhole but I could not get the cover 
off. 


I got an 8-foot piece of 4x6-inch 





inches and from the result the sketch was 
made. After the shell I 
turned my attention to the tubes, which 
were 3 


cleaning out 


inches in diameter. I calipered, 
to the best of my ability, the scale forma 
tion the and found the 
one in the best condition to have 3% inch 
The column 
filled with scale also. The hole was hardly 
large enough to put my lead pencil in. 


The safety-valve spindle was bent a trifle 


on bottom row 


of hard scale. water was 


and the bolt holding the lever was cor 
roded fast, causing the lever to be in 
operative, due to a leaky flange K. 

After cleaning the boiler, renewing the 
water column and fixing the safety valves 
When 1 
asked the man in charge why he had not 
paid better attention to his boiler, he said 
that all he was told to do was to keep: 


everything went along nicely. 


plenty of water in the boiler and a good 
fire underneath. 
P. E. Jay, Jr. 


New York City. 


The Steam Path of the Turbine 


Referring to the abstract of the dis 
cussion of Dr. Steinmetz’ paper, “The 
Steam Path of the Turbine,” published 
in the March 24 number, I do not care 
to pose as an “authority” for the calcula- 
tion of the energy 
shown in the table. 


in foot-pounds as 

In translating from metric to English 
units, you have inadvertently multiplied 
kilogram-meters by the equivalent of a 
meter in feet, and by the equivalent of a 
kilogram in pounds. The result is natur- 
ally foot-pounds per kilogram of steam: 
instead of per pound of steam. 

In translating from kilogram-meters to- 
foot-pounds, the equivalent of the meter, 
in feet, is the only factor necessary. 

The figures I would be willing to stand! 
for are: 

Energy 


Range of Expansion. in Foot-pounds. 


180 pounds to 14.7 pounds 141,070 

14.7 pounds to 28 inches 132,290 

180 pounds to 28 inches 256,800 
H. E. Lonewe t. 


East Pittsburg, Penn. 


Practice and Theory 


The 


tion: 


country full of the 
“Does a technical education give 
results commensurate with the cost of ob- 
taining it, and how do practice and theory 
get along together in business?” I have 
my own peculiar ideas on the subject, 
and they are, in short, the simple, happy 
combination of theory and practice in a 
way which will bring the best results to 
one’s employer and hence to oneself. 


seems ques- 


[ am numbered among the graduates 
of one of the largest “tech” schools in 
the and the four that I 
spent there will surely never be put down 
as wasted, nor even as “might have been 
better spent.” The idea of getting a tech- 
nical education did not take hold of me 
until after | had worked on the practical 
side and seemed to have reached the limit. 


country years 


Then a college course, with every vaca- 
tion spent in the shop, where I had many 
a chance to see how theory would act 
amid the grease and dirt. Many chances 
came to go out with a practical machinist 
to repair an engine and pick out the right 
chisel or Then when 
the the machinist 
would step back and let the “kid” do the 


indicator work, and finally, to satisfy the 


wrench for him. 


engine was together 


owner, figure the horse-power again. And, 
too, it was not the laboratory engine, all 
arranged for the indicator. 

A recent 
superintendent, who had a son in a tech- 


editorial stated the case of a 
nical school. He must have been a poor 
man to fill the office of superintendent 
that 
catalogs, contain so much useful informa- 


and not know those best textbooks, 
Ile might take a good lesson from 
Who made those tables of 

? The engi- 
neering staff of the company, composed 


tion. 
his engineer. 


capacities of air compressors: 


doubtless of technical men, whose years 
told 
laws of 


of experience with real machines 


them when and where those 
thermodynamics, which they used to de- 
sign their first machine, would give satis- 
factory results, or how to combine them 
the 


radiation, metal castings, etc., 


with freaks of friction, lubrication, 
to give re- 


Now 


we can’t all take these catalogs and live 


sults which they could back up. 


on them, saying goodby to theory, be- 
cause there are constantly new problems 
metals. 
Better methods soon make these catalogs 
date. The who the 
first tables pass out and leave a vacancy 


arising, new applications, new 


out of men wrote 
to be filled by someone else who has a 
knowledge of theory to make use of the 
new things and he in turn will make new 
tables for those who have not the theory. 
There is a place for all of us. 

It’s the man who is wide awake to learn 
all he can about both 
the jobs and gives satisfaction. 


who holds 

The mas- 
ter mechanic who gave orders to make 
the valve according to the original design 
or “not at all,” was, in my opinion, rather 


sides 
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out of date, and while a new valve of the 
old design might have shown an economy 
of 25 per cent. in fuel consumption, there 
might at least be something in the new 
valve which would be of use to the mas- 
mechanic. Twenty-five per cent. is 
quite a saving and the engine company 
might do well to hire the modest engi- 


ter 


neer to aid their designer in laying out 
valve diagrams. 
TECHNICAL. 
Grand Rapids, Mich. 





Auto-starter Connections 


Allow me to call attention to a state- 


ment made by Norman T. Meade in his 











Changing leads 
wehanges torque 
at starting 


For the sake of 
clearness the 
switching device 
has been omitted 











AUTO-STARTER CONNECTIONS 


article on motors, page 247 of Power for 
Mr. Meade states that the 
alternating-current auto-starter is 
parable to the direct-current rheostat and 


February 18. 
com- 
describes it as an “inductive resistance.” 
This is in no sense true, and is liable to 
the 
(Fig. 4) published with the article; the 
motor 


prove misleading, as is diagram 
start if 
the 
coils in series with the motor. | 


could not possibly con- 


nected as shown there, with starter 


inclose 
a sketch of the correct connections of an 
auto-starter, which is really a transformer, 
and should be connected across the line, 
as shown, and not in series with the 
motor. ° 


R. H. 
San Francisco, Cal. 
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Cost of a First-class License in 
Massachusetts 


In the March 17 number a letter ap- 
the “Cost of a 
which | 


peared on First-class 


License in Massachusetts,” read 
with great interest. But I cannot refrain 
“Boston” in 
Not that the 


his calculation is incorrect, 


from criticizing regard to 
his itemized account. sum 
total of but 
that he is unjust, in my opinion, to debit 
it all to the 


Books, magazines, 


license law. 


scientific literature, 


tools, ete. form a heavy account, and 
should be cut out. A man who is desirous 
of becoming a good engineer will make 
those expenditures, license law or no 


license law. A man who does not spend 
that amount of money in cultivating his 
intellect and increasing his store of scien 
tilic knowledge never does become a good 
engineer. 

[lf we deduct the sum of $175 from 
“Boston's” estimate, we have $75.25, which 
is a mere bagatelle, when it is considered 
that those expenses cover a period, prob- 
does 


York 


ten years. However, it 
that New 
City to attain the desired results. 


NEW 


ably, of 


not cost even amount in 
YORKER. 
New York, N. Y. 

In the March 17 number, on page 414, 
there is a statement by “Boston” in which 
$250 is given as the average cost of a 
lirst-class license to a man in Massa- 
chusetts, who advances step by step from 
first-class 


the 


a fireman’s helper to a engi- 


neer, by individual effort; figures 
given being based upon the results from 
a man who has not attended an engi 
neering school. 

As a matter of justice I hope you will 
kindly permit the other side to be heard, 
and I give my personal experience. | 
started from a coal-passer, and now hold 
a first-class engineer's license, which | 
have held for more than three years. | 
attended an engineering school where the 
use of all books and indicators was fur 
nished me, and I give you the exact cost. 
the 


evenings was less than three years, and 


My period of attendance at school 
during this period | was furnished four 


different engineering positions by the 


school without cost or charge to me ‘in 


any way. The school was owned by a 
practical engineer and the experience and 
knowledge that I obtained could not have 
without a lifetime 
of varied experience. During my attend 
the the present 
examiners were also attendants, and I do 


not think any of them regrets it, 


been acquired by me 


ance at school some of 


and | 


am sure I do not. ‘The cost to me was 


as follows: 


Fireman's license 
One examination 
Traveling expenses 
Loss of wages (half day) 
School fee 


Total 
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Third-class engineer- 


eee $1.00 
Traveling expenses.............. 1.06 
Loss of wages (half day)....... 1.25 
_.. - ee eee 10.00 
IE sah tka sabe Agusan, oe ws ir $13.25 
Second-class engineer 
OMG CRAMIDATION... 2. 6.50 e cae $1.00 
TYAVGUME GRDORGRS....... 66s ceca 1.00 
Loss of wages (half day)........ 1.50 
RR ee 10.00 
BE iced ioc deck easciubee Cex $13.50 
First-class engineer 
OUD CIID so. 6:0 0s 0:8 00 608, $1.00 
"TPAVCHME CRPOCNGCS... 2.2 ..0 6 scccews 1.00 
Loss of wages (half day)........ 1.50 
A as er 15.00 
I a 26 oe Sa ela RI Ree aan a $18.50 
ICO. SOONERS ssc ces sese ae $68.25 
This leaves a balance in favor of the 
engineer who attended the school of 
$187, no small amount to the man who, 
as your correspondent says, gets paid 
wages a littl lower than a common 


laborer. As a matter of fact, 90 per cent. 
of the best-paying engineering positions 
in this State are held by pupils of the 
engineering school, and none of them is 
working for common laborer’s pay that 
I am aware of. 


;. B. 


LANG. 
Roxbury, Mass. 





An Uptake Re-heater 


I would like the opinions of some prac- 
tical engineers as to the practicability of 
superheating steam in the mains as per 


Breeching 
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degrees Fahrenheit. What would be the 
chief difficulty to meet? 

W. 
Wilmington, O. 





Collector for Removing Static 
Electricity from Belts 


The 


construction of a 


the 


static-elec 


accompanying sketch shows 
home-made 
tricity collector which can be made of 


brass or copper pipe. To make it, first 
cut a piece of 34-inch pipe the desired 
length and bore two %-inch holes in the 
with threads to receive thumb-screws 
Thread the 


bottom end of the pipe to connect it to a 


side, 


114 inches long, as shown. 


floor stand. Then cut a piece of %-inch 
pipe the width of the belt. Bore holes in 
it 34 inch apart, large enough to receive 
No. 14 bare copper wire. Weave the wire 
through these holes and solder it in place, 
cutting the wire so the ends will stick 
through the holes, like needles, at least 3% 
of an inch. Then put an elbow on 
end of this pipe, leaving the other end 


open for air, and solder a few feet of No. 


one 


14 bare copper wire to the pipe holding 
the needles. 

Next cut a piece of 34-inch pipe the re 
quired length, pull the wire through this 
piece of pipe and screw the pipe into the 
elbow with the wire attached. Drop this 
wire and 3¢-inch pipe into the 34-inch pipe 
and make it fast with the thumb-screws, 
at any hight required to suit the running 
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AN UPTAKE 


sketch. The boilers are 160 horse-power 
water-tube carrying 125 pounds of steam. 
Che idea is to run the main steam pipe 
through the breeching to the engine room. 
Would there be a saving? Our boilers 
re crowded a great deal beyond their 
ated horse-power. Temperature in the 
reeching varies from about 400 to 100 


Present position 
of Main Steam Line 
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RE-HEATER 
of the belt. The free end of the wire 


should be run to a ground, or if in an 
electric plant it should be attached to the 
ground wire from the lightning arresters. 
Any engineer can make this arrange- 
ment in two hours. 
Trmotuy F. Horan. 
Ludlow, Vt. 


Buming Oil and Tar 


I have read with interest the editorial on 


“Burning Oil and Tar,” in the February 


iS number. This article is incorrect in cer 


tain details. It says: “A critical exami 
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STATIC-ELECTRICITY COLLECTOR 
nation of the several types (of burner) 


shows one common defect: They all use 
much more steam for the breaking up of 
the oil than is necessary, the percentage 
of the evaporation used to operate the 
burner in some cases reaching 10 per cent. 
This is manifestly too much.” 

Doutbless this 


the majority of cases, due to the prevalent 


statement is correct in 
opinion that any burner which will ato- 
mize oil sufficiently to give a clear fire 1s 
good enough to use. In reality there are 
few more expensive appliances than oil 
burners manufactured without accurate 
knowledge derived from long experience 
Anybody 


injector which would 


in such work. can make an 


feed a boiler, but 
this is not often done because it is recog 
that 


of design 


nized for efficient results the details 


must be worked out with a 


thoroughness possible only when one 1s 
properly equipped with the necessary ex- 
which 


perience and apparatus—conditions 


can be met some 


The 
equally true of oil burners, as evidenced 


only by thoroughly 


equipped manufacturer. same 1S 
by the fact that there are now burners 
the 


not over IO per cent. of the steam gene- 


on market which use for atomizing 


rated, and often less. 
The 


out the low efficiency caused by excess 


editorial is correct in pointing 
steam used in the burner and excess air 
admitted to the 


for either of these defects, how 


furnace. There is no 
excuse 


ever, and in this district where oil burn- 
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ing has been perfected through long experi- 
‘ence, and properly designed burners are 
quite generally used, boilers can be and 
are operated in regular work at efficiencies 
unattainable with coal; under test condi- 
tions, large boilers develop efficiencies of 
83 per cent. and over, and it is quite 
possible to reach an efficiency of 77 per 
cent. or more in daily runs under regu- 
lar load. 

In conclusion I may add that one factor 
not mentioned in the editorial is the 
furnace design. This is a detail of the 
highest importance and unless it is prop- 
erly worked out, not only will the effi- 
ciency be low: but the capacity also, and 
the repair bill greatly increased. 

EpGAR KIpWELL. 
Los Angeles, Cal. : 





Difference in Engineers 


Something came to my notice a few 
days ago which illustrated the difference 
between good and bad engineering and 
shows very plainly what the right man 
will accomplish when confronted 
put the 


with 
conditions which man 
“down and out.” 

The plant in question is a wood-work- 
ing plant equipped with two water-tube 
boilers of about 175 horse-power each, 
an 8o-horse-power engine and a generator 
of 8o kilowatts capacity, besides a small 
direct-connected unit used for 
work. 

The engine began to show signs of 
being too small for the work and so was 
speeded up from 120 to nearly 200 revo- 
lutions per minute, which nearly drove it 
off its foundation. The boilers, besides 
supplying steam to the engines, were fur- 
nishing steam for several dry-kilns, and 
began to fire very hard, and to cap the 
climax a section of the stack was blown 
down, reducing the draft so that it was 
impossible to run all of the machinery at 
one time. 

At was at this stage that the old engi- 
neer resigned and the new man came to 
take charge. He advised putting in forced 
draft to help out the short stack; this 
was comparatively the refuse 
from the shop is brought to the boiler 
house through the action of a large 
blower which carries the dust and shav- 
ings directly into the furnace, a separator 
being installed on the roof which pre- 
vents all of the air from going into the 
furnace. Forced draft was obtained from 
this separator and piped to the ash-pit. 

The next move was to examine the 
valve of the engine; this being of the 
balanced, slide type, balance being secured 
by a plate on the back. This plate, instead 
of being a snug sliding fit, stood away 
from the valve about 1/16 inch, and of 
course allowed steam to pass directly into 
the exhaust port. After adjusting the 


wrong 


lighter 


easy, as 


plate and adjusting the governors to a 
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speed of 120 revolutions per minute, the 
coal consumption has been brought down 
to about one-fourth of what it was before; 
the refuse from the factory nearly fur- 
nishing fuel enough, and where it was 
considered necessary at one time to pur- 
chase a new engine, it seems now as 
though the old one would be good for 
a long time to come. 
GB. 
Findlay, O. 





Cross-compound Engines 


We have many cross-compound 
units so arranged that when one side be- 
comes disabled the other side could not 
be used without taking out one of the 
valves. This state of affairs seems to be 
more characteristic to the small city light- 
ing plants, and in many cases they have 
only the unit, so +that when this 
stops the lights are out, and it requires 
some time to dismantle the engine suft- 


seen 


one 


ciently to continue the run. 
The cost of making some arrangement 


He. . Lv, 
A 'B 

ia = _[ esi = “| 

Nv ee (C) a a 


FIG. 1! 


© 


L.P, Steain 


H.P.Steam Main Lp o 
a ae 
@Hel—|_| tel lo 


~e 
H.P, Exhaust > 
(Sy Cc 
Free Exhaust 


FIG. 2 
ior of the steam in a 
of breakdown will not be much, and will 


. 


the control case 


sometimes prove a great blessing. In 
the accompanying Figs. 1 and 2 is a plan, 
for the exhaust and steam piping com- 
bined, that is simple and as cheap as it 
can be laid down. It will be noted that 
the high-pressure steam comes into one 
this comes from the 
main line the throttle, so in 
case the high-pressure side is in trouble, 
the steam can be by-passed through the 


side of the 
ahead of 


cross; 


valve D, the valve 4 having been closed, 
as also the valve C, which is only a free- 
exhaust valve. The steam from the high- 
pressure goes direct into the low-pressure 
cylinder which, of course, has to be throt- 
tled, as but few of the small engines have 
any governing device on the low-pressure 
side. Then in failure 
low-pressure side, the valves D and B 
being closed and A and C open, the en- 
gine is ready to run, having a free exhaust 
at’'C. By having such an arrangement of 
piping, time and temper-will often be 
saved. 

We have noticed many cross-compound 


case of a on the 
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engines not having a starting pipe from 
the high-pressure side. This should run 
direct from the high-pressure throttle to 
the low-pressure steam chest, to be used 
for turning the engine over when the 
high-pressure side gets on the center. | 
know of one sad piece of history in connec- 
tion with the use of this pipe, and refer to 
it here because it may prove of some value 
as a safeguard. In a southern State, at 
one of the large mills, this pipe was used 
for turning the engine over. In this case 
the engine failed to turn, but the cylinder 
burst, leaving its marks on the walls of 
the engine room, and taking the poor en- 
gineer from us. This case of 
a plant that carried 170 pounds pressure 
and the low-pressure cylinder was not sut- 
ficiently strong to carry this. The point I 
wish to make for safety is to have a pop 
someone 
turns on excessive life will 
not be at stake. When turning the steam 
on one of these large fellows, watch the 


was a 


valve on the receiver, so when 


an pressure 


gage to see what is doing. 
C. R. McGaHey. 


Lynchburg, Va. 





Is the Game Worth the Candle ? 


| read with a great deal of satisfac- 
tion vour first editorial (in the March to 
' “Is the Game Worth the 
Candle?” for it tallied exactly with my 
observation and experience. You did not 
deny the gain from some superheat, but 
asked if anyone could take a given set of 
conditions and tell how much superheat 
should be used to make superheating pay. 
E. H. Foster attempted to reply to this 
by saying that in a plant which he did 
not know anything about he would pre- 
scribe a temperature of 500 degrees, stat- 
ing that this moderate temperature would 
not jeopardize the safety of modern en 
gines or pipings. Perhaps not, but I know 
of instances where temperatures below 
this have warped Corliss engine valves 
to an extent that seriously interfered with 


number ), 


the economical production of power, and 
on smaller engines with throttling gov- 
ernors the rendered in 
operative by the heat and had to be dis 
connected and the hand throttle used. | 
know of one instance where this same 
chest of a 


governors were 


heat so distorted the steam 
steam turbine that the valve-gear had to 
three within one 


instance 


be readjusted times 
month. I know of 
where with a little higher degree of heat 
all of the cast-iron fittings had to be re- 
moved from several boilers and cast-steel 
fittings substituted. The valve-gear of a 
5000-kilowatt turbine was so warped that 
a new one was put on. 

Several cases are cited by Mr. Foster, 
showing great gains from superheating, 
in one instance amounting to nearly 20 
per cent. I know that it is the heat 
which does the work in the engines and 


another 
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the turbines, but I do not know that the 
work costs less per unit with superheated 
steam than it does with saturated steam, 
nor do I know of any steam plant where 
superheated steam is used that is produc- 
ing a unit of work at a lower cost than 
in some plants where saturated steam is 
used. 
PETER STERLING. 
Lynn, Mass. 


On page 463 of the March 24 number 
is a letter by E. H. Foster, in which 
figures are given to show the wonderful 
saving by superheat. This recalled to 
my mind past experiences in the fuel- 
saving line. 

A person came to the plant and assured 
me that his appliance, fitted to the boil- 
=rs, would save anywhere up to 20 per 
cent., and he wanted to have me go and 
see it in operation, mentioning those near 
it hand. One day I called on one im- 
portant plant and saw the engineer, who 
very kindly showed me the boilers and 
the apparatus, which, he explained, they 


were not using that day, as the load was. 


light and they could make plenty of steam 
without it. 

I asked how much they saved by its 
use, and he replied: “They say it saves 
14% per cent.” 

“Who says it saves 14% per cent.?” I 
isked. 

“The people who put it in made a test 
ind said the saving was 14% per cent.” 

“What do you say?” 

“They say that the saving is 14% per 
-ent. 

“Why don’t you use it?” 

“Oh, don’t have to use it in 
summer; we only use it in the 


we the 
winter to 
1elp make steam.” 

“How long since you have used it?” 

“Two to three months.” 

Meeting the party of the first part, I 
Said he: 
‘You don’t want to go to the engineer: 

ul want to go direct to the office, where 
he bills are paid, and they will tell you 
hey have paid 14 per cent. less for coal 
ight along since the apparatus was in 
stalled.” 

“But they are not using it and have not 
sed it for two months, and if the office 
“an tell so well how much the saving is, 

hy can they not tell when the thing is 
ut of use?” 

He could only insist that if I went to 
he office I would find the saving shown 

the books. I told him it was a good 
hing, and the proper thing with pea coal, 

s I knew from experience, for I used 
he same thing twenty before 

a place where it was necessary to 

‘owd the fires. There was no saving in 


‘elated to him the conversation. 


years 


iel, however. 

| have noticed one thing: There are 
its of things entirely without merit, as 
‘11 as many that have merit, which 
‘tually effect a saving for a long time in 
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many and the only way I can ac- 


count for it 


cases, 
is that the managers of the 
plants have been asleep, and when the 
new thing is applied they wake up, watch 
things closely, and the result is a saving. 
It really comes from the close attention 
and care being given to things, but the 
credit is given to the new appliance. 
W. E. CRANE. 
Waterbury, Conn. 


I think your first editorial, entitled “Is 
the Game Worth the Candle?” must have 
come from the pen of the sarcastic editor, 
yet although it appears to have been writ- 
ten in a merry mood there is food for 
thought in his question, and I am led by 
what I have seen and heard regarding the 
use of superheated steam to believe that 
the statements he makes are generally, if 
not specifically, true. The effect of high- 
temperature cast-iron valves 
and fittings has not been sufficiently stud- 
ied and nothing of a definite nature, be- 
yond a few statements unaccompanied by 
proof, can be found anywhere. Cast iron 
is so generally used in the construction 
of valves and fittings that it is almost 
imperative that the plant owner and the 
consulting engineer know whether it may 
be depended upon to retain its strength 
if used for superheated before 
superheating is resorted to. 


steam on 


steam 


Mr. Foster, as a maker of superheaters, 
apparently takes exception to the editorial 
in question and cites several instances of 


increased fuel economy resulting from 
the use of superheated steam. He has 
undoubtedly stated the facts, but this 


question arises: Did he state all of the 
facts? When an installation is made in a 
plant along new lines everything that can 
be is put in first-class condition in order 


that the new installation may not be 
handicapped. Now may it not be pos 
sible that in some of the many plants 


where superheating has been tried with 
such marked saving the putting of the 
plant in good order had quite as much 
to.do with the saving effected as the 
change to superheat? 

I am sure that slight superheat, if it 
does not cost too much, is a gain, but I 
am not so sure that when all of the items 
are in the bill a kilowatt-hour costs any 
less at the switchboard with superheated 

It is certain “that 
but 


steam than without it 
the world do move,” 
always progress? 

Mr. 


superheaters 


is its movement 


those 
which part of the 
boiler equipment and are inclosed in the 
setting itself, the superheating takes place 
at an efficiency of 100 per cent. seems a 
little startling at first, and I have often 
asked myself since I read it: Can it be 
proved? Mr. maker of 


Foster’s statement that in 


are a 


Foster, as a 


superheaters, naturally answers the ques- 
As an operating 
superheated 


tion in the affirmative. 


engineer using steam and 


547 
seeking for light, I must say: I don't 
know. 

B. D. D. 
Laconia, N. H. 


A Fide Pop Valve 


In the March 10 
frisky steam gage which gives me cour- 
age to tell of what happened to a pop 
valve of mine. It was set at 105 pounds 
and after a while 
After getting it in good shape it let go 
three times at 105, dropped to 102 and 
shut all right, but the fourth time it 
opened and apparently bounded shut, then 
open again, keeping it up at about the 
rate an electric bell vibrates. The racket 
In about a minute I had 





number I read of a 


needed grinding in. 


was deafening. 
lost some 10 pounds of steam and at least 
2 inches of water, then it shut tight. I 
could find nothing wrong and it has been 
all right since. 


Shirley, Mass. 





Burning Natural Gas Under a Boiler 


In answer to Dee Hays’ inquiry on 
page 302 of the 
| would say that the baffle-plates of the 
Franklin is of the 
pattern, should be arranged for burning 
the 
I have tried changing the plates but 


February 25 number, 


boiler, which Heine 


natural gas same as they are for 
coal. 
have found no benefit in the change and 


back 


recommended by the boiler people. 


to the position 
My 
idea for arranging the bridgewall is that 


have moved them 


it should be straight and from 14 to 16 


inches below the bottom of the shell for 
tubular and 18 to 20 


Tests of 


horizontal boilers 
inches for a water-tube boiler. 
which I have knowledge show horizontal 
tubular boilers to require from 58 to 60 
feet of 
3. t. u.) per horse-power-hour; and Frank 


cubic gas (approximately 1000 
lin water-tube boilers an average for rail 
road work of 52 cubic feet (approximately 
goo B.t.u.). The burners used on these two 
types of boiler were what ts known as th 
“Kline,” the pressure of gas on the burners 
of the horizontal tubular boilers being 8 
ounces, and on the burners of the Frank 
lin boiler 114 pounds, with stack 110 feet 
On 


which we made under, National water 


above grate surface. another test 
tube boilers, with the stack 85 feet above 
the grate surface, using the “Kirkwood” 
burner with gas at 8-ounce pressure, an 
average for thirty-one days of nineteen 
hours each, for railway work, we con- 
sumed 46 cubic feet of gas per horse-pow- 


er-hour (approximately 1000 B.t.u.) 


I have found that the Kline burner 
is the best for gas pressure above 8 
ounces, but does not do as well under 
lower pressure. 

E. C. Ho tts. 


Qlean, N. Y. 
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Honest Engineering Work 


The thorough, honest 
work in the matter of erecting machinery 
piping emphasized 
strongly. A recent accident(?) at Lynn, 
Mass., where a 12-inch tee blown 
from the end of a steam main, illustrates 


importance of 


and cannot be too 


was 


The fitting in question was 
ell and “made 
threads only. The steam main ran in a 
straight line, from the boilers, to 
where it turned downward to the throttle. 
The joint which failed leaked at the start, 
and the leak was stopped by the use of 
some form of steam-joint clamp; but the 
vibration to which the pipe was subjected 


the point. 


used as an was on” six 


over 


at each stroke of the engine, was allowed 
to go on. The short hold which the pipe 
had in the fitting, the corrosion caused by 
the leak and the working of the joint by 
vibration tended to hasten the rupture. 
When a piece of material, or a fitting, is 
tested to destruction, the 
usually called an “accident.” 
should the 
boiler, or the failure of a steam-pipe joint 


result is not 
Then why 


explosion of a lapped-seam 


which was known to be defective, be 
called an accident? It is certain that 
every lapped-seam boiler will explode 


sometime, if operated long 
that it 
have 


enough; the 
construction is such is inevitable. 
The 


the steam-pipe tee at Lynn. 


same could been predicted of 
The steam- 
fitter who erected the pipe knew that a 
12-inch pipe should be screwed into the 
fitting by than The 
engineer for whom the work was done 
knew that the pipe did not enter the fit- 
ting as it should. 
that the the pipe was an 
element of danger, and had loss of life 


more six threads. 


The engineer also knew 
vibration of 


occurred a coroner’s jury would not have 
been at a loss to place the responsibility 
where it belonged, and that very quickly. 





Teaching Others 


“7 do 


not pose as an instructor, nor do I care 


An engineer was heard to say: 


to be bothered by young engineers and 
firemen who offer to pay me. for instruc- 
about This reminds 
one of an incident which occurred soon 
after the adoption of the Massachusetts 
engineers’ license law. In the beginning 
the number of inspectors was inadequate 


valve-gears.” 


for the work to be performed, and appli- 
cants, with few exceptions, were granted 
licenses, of the grade for which they ap- 
plied, with little or no examination. 

An engineer who held a first-class li- 
cense, desiring about 
densers, visited a condensing plant where 
the operating engineer on watch happened 
to hold a special license only. The visit- 
treated politely and 
shown over the plant, and Was very care- 


information con- 


ing engineer was 
fully misinformed about every point upon 


which he inquired. A few days after- 
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narrated the occur- 
The chief, who often 
remarked that his own license came as a 


ward, the engineer 
rence to the chief. 


premium with a pound of prunes, asked 
the engineer why he acted as he did. The 
engineer justified himself by saying that 
“Jones” got his license without any effort, 
while he had been put through an inquisi- 
tion and only succeeded in getting a 
special because he did not apply while 
there was a rush; and that “Jones” could 
go to studying and dig out his knowledge 
for he had to. The chief 
slapped the man on the back and said: 
“By George, Brown, you are right! | 
looked at it in that light 
I see now that everything you tell 


himself as 


never before, 
but 
anyone makes you know so much less.” 

The lost; the 
root. The chief and the assistant 
their ways the 
conditions of both have improved, but no 


remark was not seed 
took 
have gone separate and 
one is today more ready to assist an in- 
quiring engineer than the former assist- 
ant, more than 
heard to say that he has never learned so 


rapidly as when he was trying to teach 


and he has once been 


someone else. 





Manufacturers Oppose License 
Legislation 


recently argued that 
the manufacturer to 
recognize the importance of the engineer 
ing profession, and if the manufacturer 


A correspondent 


license laws force 


does not “recognize” the engineer it 1s 
usually the latter’s own fault. 

Not long ago our attention was called 
to a letter issued to its members by the 
Manufacturers’ the State 
of Iowa, calling attention to a bill to be 


Association of 


introduced before the legislature for the 
enactment of an engineers’ license’ law. 
In this letter the statement was made that 
such a bill, if enacted, “would be most 
to the interests of the manu 
the State.” The members 
were asked to act promptly and attempt 
to defeat the bill before it came from the 


disastrous 
facturers of 


committee to which it would be re 
ferred. 

This attitude of at least one organiza 
the 


cities 


indicates that 
States and 


tion of manufacturers 


license laws in other 


have not made much headway toward 
forcing the employers to “recognize th« 
engineers” as a class worthy of consid 
eration, other than as a “menace to their 
(the manufacturers’) best 


Manufacturers 


interests.” 
naturally resent 
tempt upon the part of others to dictate 
to them as to what they shall or shall not 
do. Most manufacturers feel competent 
to select engineers capable of operating 
their plants without the aid of a State law 
which licenses the men and creates offices 


any at 


for a few examiners, who, if reports cat 
be relied upon, are very liable to becom« 
prejudiced against the 


applicant for 


license. 
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Manufacturers do not hold an engineer 
in the highest esteem, either as a man or 


mechanic. He is usually engaged at so 
much per week, and is expected to work 
day and night, if necessary, to keep the 
plant in operation. It is seldom that any 
overture relative to paying the engineer 
for his overtime is made, even though the 
circumstances require the engineer’s pres- 
ence for the entire night after operating 
all day; and, further, he is expected to 
be on hand the next day and attend to 
his duties as usual. If the engineer is of 
the brand who takes pride in his work, 
he will uncomplainingly submit to such 
long hours, taking it as a matter of 
course; the thoughts of extra pay in his 
envelop Saturday night not being enter- 
tained for a moment; and the same may 
be said of the manufacturer. 

On the other hand, if the work requires 
the service of a hod carrier, the manufac- 
turer would not think of obtaining his 
services for anything less than “ time and 
one-half” for all overtime, and the hod 
carrier would not think of working for 
less; which is perhaps due to his lack of 
pride in his work. We do not attempt to 
place the blame for such conditions. It 
may belong to the engineering class as a 
whole, due to their pride in their work, 
or it may be the result of a competition, 
one man being forced to work extra 
hours without pay, because if he will not 
another will. 

Just how the engineers’ license law has 
benefited the engineer with regard to the 
manufacturer, we are at a loss to deter- 
mine. It has not increased wages; it has 
not bettered working conditions: it has 
not confined his duties entirely to the 
steam plant, and it has not placed him 
any higher in the estimation of his em- 
ployer. This attitude may be due to ig- 
norance on the part of the manufactur- 
ers, as to the extended knowledge an 
engineer must possess in order to operate 

plant successfully, but it exists never- 
theless. 

The Manufacturers’ Association of the 
State of Iowa is not alone in its antagonism 

f engineers’ license laws. It is only re- 

ently that the Manufacturers’ Associa- 
tion of the State of Indiana sent out let- 
ters to its members, inclosing copies of 
two bills which had been favorably re- 
ported to the senate for passage, and each 
member was urged to write to his senator 
protesting against the enactment of the 
tills. One bill would create a licensing 

nd examination system for engineers, 
nd the other a steam-boiler inspection 
bureau for the State. The members were 
minded, by way of inducement, or en- 
uragement, that owing to their efforts 
the past “quite a number of unwise 
nd unjust measures have been killed,” 
d the appeal concludes by stating that 
there is still work to be done.” 
We do not believe that all good engi- 
neers are licensed; neither do we believe 
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that all licensed engineers are good engi- 
neers. The manufacturers in cities and 
states that do not have license laws have 
competent engineers, who receive as high 
wages as engineers operating under 
license laws, and who are held in as high 
esteem by their employers as are engi- 
neers in communities where licenses are 
requisite. 

The reason for licensing engineers is 
not to improve their standing or raise 
their pay. The State has no concern with 
these features of an engineer’s existence 
as distinct from those of other citizens. 
The only excuse the State has for licens- 
ing engineers is to provide against dan- 
ger from the employment of incompetent 
and unreliable men. Any consideration of 
the question which loses sight of this 
limitation is apt to go awry. 





What Is Kol-Saver ? 


According to the circular of the Kol- 
Saver Chemical Company, of Ellyn, IIl., 
it is a “chemical coal ‘combustionator’ 
converting waste elements into carbureted 
hydrogen fuel.” 

According to our advice and opinion, it 
is a bait to catch suckers. 

The circular sets forth that if a table- 
spoonful of this powder is dissolved in a 
bucket of water, and the coal thoroughly 
saturated with the solution, the latter will 
be decomposed in the furnace, at a com- 
paratively low temperature, into a gas 
which will give out in burning far more 
heat than is expended to make it; that 
ashes can be re-converted into fuel and 
consumed if mixed with coal and treated 
with Kol-Saver, as above. Smoke is 
claimed to be entirely prevented or largely 
reduced in amount and the efficiency can 
usually be increased seventy to ninety 
per cent. in plants burning less than one 
ton of coal per day, fifty to seventy per. 
cent. in plants burning up to twenty tons 
daily, and twenty-five to fifty per cent. in 
larger plants. In another place the cir- 
cular makes the modest claim that “the 
efficiency is increased from fifty to one 
hundred per cent.” The inventors, pro- 
moters and owners, A. G. and E. C. Hul- 
bert, claim to be “thermo-science cx- 
perts” and “instructors in higher science 
in a post-graduate college’ (name and 
location not given). 

We received a circular of this magic 
compound, together with a sample of a 
dark-brown, damp coarse powder in an 
marked “Kol-Saver,” from a 
correspondent, and sent it to Thomas B. 
Stillman, M.Sc, Ph.D., of the Stevens 
Institute of Technology, for analysis. We 
lave just received his report which reads 
as follows: 

The sample of “Kol-Saver” received 
from you March 14, 1907, tests as follows: 
Reddish brown powder, not entirely sol- 
uble in water composed of 


envelop 
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Ver cent. 


Moisture determined at 212 de- 
grees Fahrenheit.............: 4.46 
Water extract (65.8 per cent), 
containing 
Sodium chloride. ...........+. 17.40 
Sodium sulphate........... 13.80 
Potassium nitrate...........-- 34.60 
Acid solution, substances not 
soluble in water (8.7 per cent.), 
oxides of iron and aluminum, 
Fe. Os and Als O5g......- 200% 8.70 
Mineral matter, not soluble in 


water or acids (clay, ete.).... 5.31 


WOGd BUND... 2. o0<sc20csecseeee 14.50 
Undetermined organic matter... 1.23 
TOM ks ccssurdaes ae 100.00 

There is absolutely nothing in the 
above analysis which will produce as 


much heat, either alone or in combination 
with the other ingredients, or with coal 
or ashes, as would be produced by an 
amount of coal which could be bought 
with the same money. 

If the powder submitted was not a cor- 
rect sample of Kol-Saver, and the manu- 
facturers thereof will supply a correct 
sample, with a statement of its price per 
pound, we will order another analysis. In 
the event of their failure to do so, it is 
fair to presume that the contents of the 
package were correctly described by the 
printing upon the envelop, and its in- 
trinsic worth may be judged from the 
above analysis and compared with the re- 
tail price. 

The country is being flooded with nos- 
trums of this sort under various names. 
We have directed the attention of the 
Postmaster-General to them, with the 
suggestion that the use of the mails be 
denied for the advertisement of such 
obvious frauds. It is ridiculous that in- 
telligent people should need to be pro- 


‘tected against this kind of a thing, but 


there are evidently enough biters to keep 
a lot of fishermen busy. 





Of 207 “boiler explosions” reported by 
The Locomotive for the last five months 
of 1907, 48 were of safety water-tube 
boilers. In all but one of these cases the 
“explosions” consisted of ruptured tubes, 
and only two immediate fatalities are re- 
ported, although there were many cases 
of serious injury by scalding. Curiously 
enough, the two fatalities occurred in the 
same city, Des Moines, Iowa, and upon 
succeeding days. There is one case in the 
list in which a water-tube boiler was de- 
stroyed, injuring five men, two of them 
fatally, but it is not certain whether the 
explosion was due primarily to steam 
pressure, or to explosion of gas in the 
furnace, or to some external cause. 





The Oklahoma Electric Light, Railway 
and Gas Association will hold its second 
annual convention in Guthrie, Okla., May 
25, 26 and 27. An exhibit of electric and 
gas appliances will be one of the features 
of the meeting. 
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Inquiries 


Questions are not answered unless they are 
of general interest and are accompanied by 
the name and address of the inquirer. 








The “Throw” of an Eccentric 
What is the “throw” of an eccentric? 
H. N.S. 
The “throw” is the eccentricity or one- 
half the stroke. 


Air Required to Burn Coal 


Which requires the most air to burn 
it, anthracite or bituminous coal? 
F. L. 


Bituminous coal. 


Earliest Cut-off with a D Valve 
What is the earliest cut-off possible 
with a D valve? 
J. WG. 
The point of cut-off depends on the 
amount of lap and port opening, usually 
about three-quarter stroke. 


Negative Lap and Where Used 

What is negative lap and where is it 
used ? 

F. A. M. 

It is used on Corliss engines and means 
the amount the steam valve is open when 
the wrist-plate is in the center of its 
travel and the valves hooked on. 


Latest Cut-off with a  Single-eccentric 
Corliss-engine Valve-gear 

What is the latest cut-off possible with 
a single-eccentric Corliss-engine valve- 
gear? 

I. M. 

The release of the valve from the eccen- 
tric must take place just before the half- 
stroke is reached. The actual closing of 
the valve takes place later. 


In a Boiler, which Is Hotter, Steam or 
Water? 


In a horizontal tubular boiler carrying 
90 pounds pressure with two gages of 
water, which is hotter, the steam in the 
top of the boiler or the water in the 
bottom ? 

T. E. McF. 

The steam can be no hotter than the 
water with which it is in contact; other- 
wise it would condense and be water, not 
steam. The circulation of the water in 
the boiler keeps all of the water at prac- 
tically the same temperature. 


Cause of Deposit in Generator of Ice 
Machine 

I have recently opened up the generator 
of our absorption refrigerating machine 
and found a dark deposit in it. This had 
been deposited on the tubes to some ex- 
tent. There are also certain gases formed 
which have to be purged off by burning 
from a purge valve on the absorber. Are 
these due to decomposition of ammonia, 
or to impurities in the ammonia ? 

c.4.o. 


While the exact cause of some of the 
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peculiar actions in the way of pitting and 
incrusting of coils in generators is not 
very well understood, the fact that such 
coils are comparatively short-lived leads 
one to believe that there may be an elec- 
trolytic action taking place, possibly be- 
tween the electropositively different ele- 
ments, carbon and iron, immersed in the 
aqua-ammonia electrolyte. While this sup- 
posed electrolytic action may not be the 
direct cause of the deterioration of these 
iron coils, it is possible that the action 
decomposes some of the water into its 
elements, hydrogen and oxygen, the for- 
mer being the inflammable gas you men- 
tion and the latter combining with the 
iron of the coils to form the dark deposit, 
probably iron oxide (rust). 

The decomposition of ammonia would 
supply hydrogen, which would burn at the 
purge valve, but the remaining element, 
nitrogen, an inert element chemically, 
would not combine with the iron to form 
a deposit. This reasoning, while it is 
claimed by some authorities that decom- 
position of ammonia sometimes takes 
place to some extent (especially in the 
presence of impurities) at a temperature 
as low as 275 to 300 degrees, would lead 
us to doubt that the actions you describe 
arise from decomposition of ammonia. 

Similarly, slight hydrocarbon impuri- 
ties in the ammonia might account for a 
small amount of inflammable gas, but this 
should be soon exhausted and at any rate 
would not account for the deposit. 


Feeding Through Blow-off, and Best Type 
of Heater 

What objection can be offered to put- 
ting feed-water into an 85-horse-power 
return-tubular boiler by way of the blow- 
off, which is very large, being 4 inches 
until it gets through the boiler wall, 
where it is reduced to a 2-inch blow-off 
valve? 

Would conditions be improved by heat- 
ing the feed-watet to 200 degrees or over, 
the water being good? 

As we expect to install a commercial 
heating system, which would take about 
all of our exhaust steam, and some live 
steam through a reducing valve, when 
we are running on comparatively light 
loads, would an open heater or a closed 
heater give the best and most efficient 
service with high-temperature feed-water 
and clean, heating steam? 

Would the open-type heater save, to 
any considerable extent, scaling of the 
boiler? Our load varies from 40 to 70 
horse-power. 

P. TM. 

The objection to feeding a horizontal 
return-tubular boiler through the blow-off 
is that the water is considerably colder 
than the contents of the boiler and 
spreads out upon the lower sheets. When 
it is fed in at the top, it mingles with 
the water in the boiler and the tempera- 
ture of the contents is preserved more 
uniform and less contraction strain is 
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brought upon the fire sheets. Further- 
more, it is advisable to keep the portion 
of the boiler above the blow-off in as 
quiescent a state as possible, in order 
that the mud and sediment may deposit 
there and be ready to go off when the 
blow-off is open. 

We could not undertake to decide for 
you as between an open and closed 
heater. Both types have their advocates, 
and both are good for certain conditions. 
The open heater will give you fully as 
high a temperature, will save the con- 
densed steam, and to that extent give you 
a better feed-water. If you will let it be 
known to the makers of both types that 
you are in the market, they will give you 
discussions of the advantages of their re- 
spective types, and you can judge between 
them for your own conditions. 





Nevada-California Power Com- 
pany'’s Facilities 


The Nevada-California Power Com- 
pany, formerly the Nevada Power, Min- 
ing and Milling Company, Goldfield, Nev., 
is preparing to install a fourth alternat- 
ing-current generator, having 1500 kilo- 
watts rated capacity, to augment the en- 
larged power service, now contracted for 
in the vicinity, pending the completion of 
the new hydroelectric stations on Bishop 
creek, Inyo county, California. 

The unit is a 3-phase, 60-cycle, 2200- 
volt machine, to run at 400 revolutions 
per minute, and is arranged for direct- 
connection to a water-wheel operating 
under an 850-foot head, alongside of three 
similar units already installed and simi- 
larly driven, the last of which was placed 
in service in 1905. These generators are 
of the standard Allis-Chalmers water 
wheel type, with two bearings and ex- 
tendéd shaft. 

Current from these generators is trans 
mitted 113 miles at 60,000 volts to Tono 
pah and Goldfield, Nev., with branches 
from this line to other points, and sup 
plies power to a number of the mines in 
that district whose equipment is elec 
trically operated. 

The Goldfield Consolidated Mines Com 
pany, Goldfield Milling and Manufactur 
ing Company, Nevada Goldfield and R« 
duction Company, and the Montana 
Tonopah Mining Company have installed 
Allis-Chalmers induction motors, ranging 
in size from 5 to too horse-power, and 
are supplied from the Nevada-California 
Power Company’s mains. The latter com 
pany has installed fifteen motors aggre 
gating 600 horse-power. With the com 
pletion of its two stations, the Nevada 
California Power Company will possess 
hydroelectric-power facilities unequalled 
in this section, as there are two plants 
already in operation and the combined 
capacity will be 14,000 horse-power. 
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Power Plant Machinery and Appliances 


Original 
No 


Manufacturers 


of 
or 


Descriptions 


Cuts 


Power 
Write-ups 


Devices 


Used 





MUST BE NEW OR 


Olds Type K Gas Engine 





The Olds 
Mich., 


Power Company, Lansing, 
is building a line of producer-gas 








FIG. I. OLDS 
‘ugines embodying several interesting 
features which are illustrated herewith. 


lhe engines are all single-acting, with the 
usual trunk form of piston, and single- 


cylinder up to 75 brake horse-power. Be- 


The outer cylinder barrel, inclosing the 
water space, is cast in one piece with the 
main frame, as shown in Fig. 2, and a re- 
movable liner is inserted in the casting to 
form the cylinder proper, as indicated in 








“TYPE K” 








GAS ENGINE 


Fig. 4. The cylinder-head and combus- 
tion chamber, with the water jacket, are 
cast in another single piece, shown in 
Fig. 3, so that the main structure of the 
engine is composed of only three pieces of 

















FIG. 2. MAIN 


are built in both 
up to 150 horse- 
up to 300 horse- 
Fig. 1 shows a complete single- 
‘vlinder engine. 


md this, the engines 
single and twin farm 
power and twin only 
power, 


FRAME OF 


OLDS ENGINE 


metal. The inner cylinder wall is secured 
to the main casting at one end only, leav- 
ing it free to expand longitudinally. 

The valves and igniter are mounted in 
cages which fit into openings in the com- 


INTERESTING 


bustion-chamber wall; some of these ap- 
pear in Fig. 3. The exhaust valve is a 
simple poppet, and its cage passes through 
the large water space in the jacket, which 
serves to keep down the temperature of 


the valve. This construction is shown in 
Fig. 5, which also shows the composite 
inlet valve and the double throttle in the 
gas and air passages. The inlet-valve 


stem carries an air valve A which is in- 
tegral with the stem, a disk gas valve G, 
which is in one piece with a sleeve on the 
valve g, inte- 
gral with another sleeve on the valve-stem. 
A helical spring within the sleeve of the 
disk valve G that valve upward 
against its seat when the air valve A 1s 
closed, and the disk-valve holds 
the piston valve up in position to cover its 
Pp, into the 
When the valve-stem is depressed by the 
rocker-arm /, the air valve is first lowered 
from its admitting only air to the 
its movement downward, 
the collar c engages the end of 
the sleeve of the piston valve g and forces 
that the gas valve G 
downward, admitting gas first at the disk 
the ports p and finally at the 
D. Fig. 7 the 
cage with the valves in the open position; 


valve-stem, and a piston 


presses 
sleeve 


ports, opening air passage 


seat, 
cylinder; in 
however, 
valve and main 
G, next at 


ports shows inlet-valve 
also the set of valves out of the cage 


As Fig. 5 clearly indicates, the gas and 
until 
inlet valves at the cylinder, 


as the air the 


air are kept entirely they 


and 
gas 


separate 
reach the 
before 


valve opens 














FIG. 3. CYLINDER-HEAD 


hot gases in the cylinder are 


blown away from the inlet port before any 


valve, the 


explosive mixture enters, thereby obviat- 


ing the possibility of back-firing. The gas 


and air-intake passages are both throttled, 
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as intimated already. The throttle valves 
are sections of 4 circular arc and mounted 
on concentric spindles, that of the gas 
throttle being hollow so that the spindle 
of the air. throttle can pass through it, as 
shown in Fig. 6. The two throttles are 
actuated by the governor rock-shaft 
through adjustable linkages, as indicated 
by the drawing. One end of each link 
is pivoted to a block which is clamped to 
a quadrant and both quadrants are keyed 
to the governor rock-shaft. By adjust- 
ing the blocks along the quadrants, the 
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—C.L. Air and Gas 
\.. Valves (closed) 


~ 


FIG. 6, THROTTLE LINKAGE 
































































































































FIG. 4. PLAN VIEW AND PART SECTION OF OLDS GAS ENGINE 


throttles are made to vary the ratio of 
gas to air appropriately for the different 
total charges of mixture as determined 
by the governor in response to the load. 
The ratio of gas to air for the full-open 
position of the throttles is adjusted by 
means of the valve M in the gas-intake 
passage. 

Ignition is effected by means of an 
oscillating magneto and an ingiter of the 
make-and-break type mechanically oper- 
ated. The external ignition mechanism is 
illustrated in Fig. 8. A cam on the end 
of the valve-gear shaft depresses the 
lever shown projecting downward diag- 
onally, and a dog on the other end of 
that lever engages the lug projecting 
downward from the hub on the magneto 
spindle, rocking the spindle counter-clock- 
wise. Near the extremity of the travel 
of these parts, the dog is tripped by an 
eccentric cam on the same stud with the 
lever, releasing the magneto spindle and 
allowing the two helical springs to throw 
it back to the neutral position. In re- 
turning to this position the armature gen- 
erates the ignition electromotive force, 
which sets up a flow of current through 
the electrodes of the igniter. The hub 
on the end of the magneto spindle car- 
ties also a long horizontal finger, and 
when the:armature flips back to the neu- 
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FIG. 5. CROSS-SECTION TH!IOUGH VALVE CHAMBER 


tral position the momentum of the parts niter spindle, rocking the movable elec 
causes it to over-travel slightly and the trode away from the stationary one, 
horizontal finger strikes a lug on the ig- thereby breaking the current set up by 



















































FIG. 8. IGNITION MECHANISM OF OLDS ENGINE 
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the magneto armature and producing the 
igniting spark. The time of ignition is 
adjusted by rotating the tripping cam on 
its stud by means of the slender lever 
shown extending almost vertically down- 
ward; the lever is held in the chosen 
position by means of a pin latch and a 
quadrant of holes forming latch sockets. 





Special Swartwout Receiver- 
separator 





The accompanying engraving illustrates 
a special 16-inch receiver-separator made 
by the Ohio Blower Company, of Cleve 
land, O., for the Carnegie Steel Com- 
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SPECIAL SWARTWOUT RECEIVER-SEPARATOR® 


pany’s Duquesne works at Pittsburg. The 
steam, entering the lower compartment at 
the side, is given a whirling motion as it 
passes to the upper compartment, throw- 
ing the moisture to the exterior and escap- 
ing at the top in a dry condition, while 
the moisture, gathering in the sloping bot 
tom, is carried by the drip-pipes to the 
lower compartment below the level of the 
entering steam. The shell is of %-inch 
steel with a butt-strapped joint and the fit- 
tings are of cast steel. The separator was 
tested to 250 pounds after being assem- 
bled and is run regularly under a pres- 
sure of 200 pounds. 
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Butler’s ‘“‘Klenest”’ Gage-cock has a recess into which a shoulder or lug 
on the milled head of the clearing rod 


enters, and by a quarter turn is locked 
A new form of gage- and try-cock, with so that it cannot be forced back into the 
cleaning rods that cannot be mislaid or 





FIG. 3 


” passage by the steam or water pressure 
7 in the boiler. 

Fig. 2 shows another form of clearing 
rod. In this form the rod is kept out of 
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used as a try-cock on water columns or 
on a boiler. 





“Wilpaco’ Packing and Stufhng- 


boxes 


In hydraulic and steam work a packing 
that will last the longest and keep rods 
from leaking, with the least amount of 
friction, is sure to find favor with the 
engineer, as a matter of course. Ordi- 
nary hemp or flax packing has a limited 
life under ordinary conditions and a 
shorter life when conditions are not so 
favorable. The pressure under’ which 
such packing is used has much to do with 
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lost, has lately been put on the market by 
Robert Butler, 458 Meridian street, East 
Boston, Mass. The construction and 














operation of the appliance is clearly shown 
in the illustrations. Fig. 1 shows a sct 
of water-gage fittings adapted for boilers, 
tanks, etc., where a correct reading of the 
water level is desirable. The clearing 


FIG. IT. SAMPLE OF 


rod, as is plainly seen, extends through 
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{) 
ees 
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FIG. I 





FIG. 2 


the passage in the valve-stem and pack- the passage and is provided with a hinge 
ing nut, and has a milled head on the joint, allowing the outboard end to hang 
outer end for convenience of handling in downward, avoiding the* danger of being 
working the rod through whatever may hit and_ bent through accident. Fig. 3 
choke the passageway. The packing nut illustrates the gage fittings as made to be 


“WILPACO” PACKING 














FIG. 2 
APPLICATION OF “WILPACO” PACKING IN STUFFING BOXES HAVING TAPERED 
BOTTOMS ‘AND GLAND ENDS 


the length of time required for the veg 

table fibers to disintegrate, it being 
claimed by some that the life of such 
packing decreases in almost direct pr 

portion as the pressure increases. 
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With a view to prevent this disintegra- 
tion as far as possible, a new type of 
plaited fibrous packing, known as “Wil- 
paco,” has been invented. It is made by 
tanning the flax and then lubricating each 
strand before it is braided, the idea being 
that this will 
tion. 


process prevent putrefac- 

Fig. 1 shows a section of this packing. 
It is made up of a 
strands 


number of large 

several smaller 
strands, the whole being braided together. 
It is claimed that this packing does not 
easily wear, that it is especially suited for 
high pressures and that it retains its soft- 
ness and capillary quality for an indefi- 


composed of 


nite period, due to the tanning preser- 
vation. It is also claimed that this type 
of packing has proved very suitable for 
centrifugal pumps, especially when used 
for condensing purposes. The maker is 
the Wilpaco Packing Company, 109 Lib- 
erty street, New York City. 

Figs. 2 and 3 show two types of stuf- 
fing-box, with tapered bottoms and gland 
ends. When using “Wilpaco” packing in 
these stuffing-boxes, it is regularly fed in, 
and as the friction of the rod wears it 
away the wear is taken up by adding a 
follower of the packing, which assumes 
the shape shown. 





Deane Piston-pattern Pot-valve 
Type Boiler Feed-pump 


The accompanying engraving illustrates 
a type of pump which is rapidly coming 
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sures of a few years These ma- 
chines are designed for high pressure and 
for handling either hot or cold 
The steam ends are made extra heavy and 
provided with extra strong bolting for all 
joints, making them suitable for constant 
operation under steam pressures up to 200 
pounds per square inch. 
are of the piston pattern, pot-valve type, 


are of ample strength for working pres- 


ago. 


water. 


The water ends 


sures up to 200 pounds and will easily 
stand test pressures of 300 pounds per 
square inch. The piston-pattern construc- 
tion requires less room than the outside- 
packed machine of either the 
packed or end-packed type, and, further 


center- 


more, does away with the large outside 
stuffing-boxes and excessive amounts of 
drip. The pistons are fibrous-packed and 
are readily accessible on removal of the 
cylinder-heads. 

The valves are in special valve cham 
bers or pots, located above the cylinders. 
This arrangement provides for constant 
submergence of the pistons and the relia 
bility of action of the machine consequent 
to such submergence. Each pot contains 
one section and one discharge valve, each 
valve having an individual cover easily 
removable for inspection. Valves are of 
composition of the wing-guided type, with 
bevel seats, and are of ample area for the 
A manifold 
connects the suction openings of the vari 


requirements of the service. 


inlet and 
another manifold provides a common dis 
charge outlet. 

While primarily 
feed purposes, these pumps are very de 


ous pots to a common suction 


designed for boiler 


sirable machines for general service against 

















DEANE PISTON-PATTERN POT-VALVE-TYPE BOILER FEED-PUMP 


into favor for feeding boilers against high 
pressure. The steam pressures of from 
150 to 200 pounds, which are in common 
se, require a more substantial construc- 


tion of feed-pump than the lower pres- 


pressures not exceeding 200 pounds 
square inch. 


per 
A full line of sizes for boil- 
ers of from 200 to 5000 horse-power is 
manufactured by the Deane Steam Pump 
Company, Holyoke, Mass. 
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Business Items 


The Northern Engineering Works is build 
ing two 3-motor 66-foot span électric travel- 
ing cranes for export to Japan. These cranes 
will be equipped with the new type “E” 
trolley and are for a prominent steel works 

The Ridgway Dynamo and Engine Com 
pany, of Ridgway, Penn., has opened a dis 
trict sales office at 907 Andrews building, Cin 


cinnati, Ohio. George W. Euker, who has 
had a varied experience in electrical and 
power-plant work, is in charge of the new 


office. 

James McCrea & Co., of Chicago, manufac 
turer of pipe repairs and steam specialties, 
will move May 1 to 63 and 65 West Wash 


branch 


ington street. By this change their manufac 
turing space will be doubled and with the 
purchase of new machinery their facilities 


will be greatly improved to take care of their 


increasing business. 


The Westinghouse Electric and Manutac- 
turing Company, through its export depart 


contract from the Do 
Company, of Halifax, 
N. 8., for a electric 
which the operation 
of one of the company’s iron mines on Pelle 
island, Newfoundland. 


received a 
and 
500-horse-power 


ment, has 
minion Tron Steel 
gen- 
used in 


erator, will be 


Within the last few days the Harbison- 
Walker Refractories Company closed a con- 
tract with the trustees of the Carnegie Tech 
nical Schools, of Vittsburg, for over 2,000,000 


light-colored front building 
erection of the 


through the 


of high-grade 
brick, for use in the 
group of buildings founded 
Andrew Carnegie. 


great 
pen 


erosity of 


To what extent electric mining machinery 
has been introduced from America into Mex- 
ico, and has aided in a practical revolution 
of the entire mining industry of that 


country, may be estimated from the fact that 
mining camps at Guanajuata, 
than 250 West- 
being operated, 


in one of the 
the Vinginco mines, no 


electric 


less 


inghouse motors are 


ranging in capacity from 5 to 200 horse- 
power. 

Robert R. Larkins, M. E., has been ap 
pointed representative for Cleveland and _ vi- 
ecinity for the Du Bois Tron Works, manu- 


producer-gas plants 


liarkins 


facturer of engines. 


gas 


and steam and power pumps. Mr 
was formerly Pittsburg manager for the At- 
lus Engine Works and has had extensive ex 
perience with steam and gas engines and 
producer-gas plants. lis offices will be in 
the Williamson building, Cleveland, © 

The Murphy Iron Works, Detroit, Mich., 
has received an order from the American 


Company for thirty-six 
furnaces for the 


Relining 
nutomatie 


Sugar 
Murphy 


smokeless 


new Chalmette plant, located at New On 
leans, La. These furnaces will be apptied to 
Loilers aggregating 10,600 horse-power. When 


largest 


this plant is completed it will be the 


steam plant in the South. The Murphy tron 
Works shops are running full time, having 
several months’ work ahead. 

The Jacobson Engine Company. Chester, 


enn., appointed the following representa 
tives in the territories mentioned: F. D. Me 
Kercher, 1715 Vrospect avenue, Cleveland, 


Ohio, Theodore R. N. Gerdes, M. FE., 5 Van 
Nest place, New York City, E. Kwartz, M. E., 
Philadelphia. The Engine 
pany manufactures horizontal heavy-duty 
engines of the automatic type for pro 
ducer ranging in horse-power from 20 
to 500. Mr. Craven, for the company, re 
ports business as being very active, and that 
run twenty-four 

Among some of the late ship 
two large producer engines for 
and one large gas engine, 
gasolene, for Salt Lake City. 


Jacobson Com 
ras 


gas 


it has been 
hours a day. 
ments were 
the l'acific 
to operate on 


necessary to 


coast 
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New Equipment 


The Milledgeville (Ga.) Ice Company will 
rebuild the plant recently burned. 

The municipal electric light plant at 
Tennille, Ga., was destroyed by fire. 


Plans have been prepared for the new 
plant for the Hattiesburg (Miss.) Traction 
Company. 

Plans are being prepared for an electric 
light plant for the Philadelphia ( Miss.) 
Compress Company. 

The city council of Sterling, Kan., is con- 
sidering the establishment of a municipal 
electric light plant. 


The city council of Owensburg, Ky., has 
decided to increase the output of the muni- 
cipal electric light plant. 


The Dittlinger Lime Company, New Braun- 
fels, Texas, is contemplating the installation 
of an electric light plant. 


It is reported that the Macon (Ga.) Gas, 
Light and Water Company will install a new 
pump at the water works. 


The Mitchell (S. D.) Illuminating and 
lower Company is said to have decided to 
install new machinery in its plant. 


The city council, St. Peter, Minn., is con- 
sidering the purchase of a new generator and 
making repairs to the power house. 


The Rocky River (Ohio) Water, Light and 
Power Company contemplates installing new 
dynamos. A. E. Stein, superintendent. 


A stock company is being organized at 
Minot, 8. D., for the purpose of erecting a 
power plant. J. A. Brunner is interested. 


{t is said that the city council of Madison- 
ville, Ohio, has decided to install new equip- 
ment in the municipal electric light plant. 

The Southern Pacific Railroad Company 
will install an electric power plant at its 
shops in Sparks, Nev., to cost over $30,000. 


An explosion at the plant of the Ellwood 
City (Penn.) Power Company ruined the 
building and machinery to the extent of 
about $60,000. 


The Cassville and Western Railway Com- 
pany, Cassville (Mo.) contemplates erecting 
a power house. S. M. Mitchell, president and 
general manager. 

The Skinner Manufacturing Company, Hol- 
yoke, Mass., is said to be contemplating the 
erection of an electric power plant to supply 
several buildings with electricity. 


Jt is reported that the Edison Electric 
“‘ompany, of Los Angeles, will soon erect 
another power plant on the Kern river near 
Kernville at a cost of $1,000,000. 


It is stated that the Duquesne Light Com- 
pany, of Pittsburg, Penn., is considering the 
expenditure of over $4,000,000 for improve- 
ments which include a central power plant. 

The People’s Ice and Fuel Company, Wil- 
mington, N. C., is being incorporated to erect 
an ice plant of 90 tons daily capacity. U. L. 
Vollers, W. B. Cooper and _ others, incor- 
porators. 


The Montgomery (Ala.) Traction Company 
is planning to make extensive improvements, 
including rebuilding part of the system and 
increasing the equipment. About $100,000 
will be expended. 

The Houghton County Street Railway Com- 
pany is reported to have completed plans for 
the construction of a new substation at 
Laurium, Mich. W. H. McGrath, Houghton, 
Mich., is manager. 

T. O. Ballard, Franklin, Ind., has been 
granted a franchise and is planning to erect 
an electric light plant in which he will in- 
tall two gas-producer units, 150 kilowatts 
each, alternating current. 
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The Alma (Ark.) Canning Company has 
been incorporated and will erect a building 
to cost $15,000 and install machinery at an 
additional cost of $12,000. William Chester- 
field, president and manager. 


The Citizens’ Light and Power Company, 
Hammond, Ind., has been incorporated to 
construct an electric light and power plant; 
capital, $50,000. Incorporators, A. J. Camp- 
bell and Johannes Kopelke. 


The Salisbury & Spencer Gas and Electric 
Light Company will soon be ready to pur- 
chase machinery for its plant at Salisbury, 
N. Cc. This will include three transformers, 
one 300-kilowatt generator and one 450-horse- 
power motor. 


Bids will be received by the Board of Pub- 
lic Affairs of Malta, Ohio, until 12 o'clock 
noon, April 28, 1908, for the construction of 
a pipe system for water works. Frank C. 
Miller, president of board, Paul KR. Murray, 
New Philadelphia, Ohio, engineer. 





New Catalogs 


M. ‘t. Davidson Company, 154 Nassau 
street, New York. Catalog. Pumps, pump- 
ing engines, condensers, ash ejectors, ete. II- 
lustrated, 96 pages, 6x9 inches. 


The D. T. Williams Valve Company, Cin- 





cinnati, Ohio. Catalog. Brass and iron 
valves, gage-cocks, oil and grease cups, lub- 
ricators, ete. Illustrated, 172 pages, 5x7 
inches. 
Help Wanted 
Advertisements under this head are in- 


serted for 25 cents per line. About six words 
make a@ line. 

WANTED—Thoroughly competent steam 
specialty salesman; one that can sell high- 
grade goods. Address “M. M. Co.,’”” POWER. 

AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago. 

WANTED—Reliable manufacturers’ agents 
to handle the Riblet Transverse Current Feed 


Water Heater. Liberal terms. Address ‘the 
Riblet Co., Erie, Pa. 
WANTED-—-Territorial agents and _ sales- 


men on liberal commission to demonstrate to 
users a high-class hydraulic packing. Address 
Carmichael & Haas, 109 Liberty St, New 
York. 

WANTED—Man for repairing and testing 
recording watt meters; also, familiar with 
a. c. and d. ec. are machines; state experience, 
salary required, and give references. Ad- 
dress ‘“Atlantic,””’ POWER. 

WANTED—An - engineer, thoroughly fa- 
miliar with Curtis turbines and auxiliaries, 
electric switchboard, etc.; state experience 
and give age and references. Address P. O 
Box 17, Pawtucket, R. I 

SALESMAN for your State for remarkable 
fuel and labor-saving device for boilers sell- 
ing for $50. Over 20,000 in use in the U. S. 
and Canada. Also hardware salesman _ to 
carry as side line our wonderful newly pat- 
ented spirit level. Diamond Power Specialty 
Co., Detroit, Mich. 


Situations Wanted 


Advertisements under this head 
serted for 25 cents per line. 
make @ line. 

AN ENERGETIC, experienced salesman de- 
sires to represent lines of machinery and 
specialties where manufacturers’ claims can 
be substantiated. Box 50, PoweEn. 

ENGINEER will pay $50.00 commission to 
anyone who secures or helps him secure a 
position as engineer, assistant engineer or 
station man in Rocky mountains or West. 
Box 44, POWER. 

ENGINEER with first-class German gov- 
ernment’s license; good machinist and elec- 
trician, familiar with Corliss engine, ice ma- 


are in- 
About six words 


chine, ete., wants position. Kliinder, 422 
Trumbull St., Elizabeth, N. J. 
WANTED—Steady position by an Amer- 


ican, 26 years old, sober and*progressive ; six 
years at steam fitting, repairing and erecting 
machinery ; would make a good man for the 
right party. Box 53, PowrFr. 


* Washington, D. C. 


April 7, 1908. 


GAS ENGINEER wishes position ; ten years’ 
experience on Westinghouse and Allis-Chal- 
mers gas and steam engines; past two years 
on gas exclusively ; first-class references fur- 
nished; age 35. Box 56, PowER. 

AN ELECTRICAL contractor registered 
with the National Board would like to hear 
from lighting companies desiring such a man 
in their ————— where field is large 
enough to keep at least three men employed. 
Box 564, Suffern, N. Y. 

WANTED—Position as chief engineer in 
an electric plant of large size; graduate of 
American School of Correspondence; strictly 
temperate; industrious; can give good refer- 


ences; 30 years old and hold first-class li- 
cense; Eastern States preferred. Box 46, 
POWER. 


ELECTRICIAN (27), single, temperate, de- 
sires position as foreman of electric end of 
plant. Eleven years’ experience at steam 
electric works, installing dynamos, motors, 
switchboards, inside wiring, building outside 
lines, etc. Have Ohio steam engineer’s li- 
cense. References. Box 54, POWER: 

POSITION as chief engineer in ice or 
combination ice and electric plant; have had 
considerable experience in both; am a fair 
machinist and make my own repairs; will 
furnish first-class reference to any one de- 
siring further knowledge of my ability; am 
strictly sober and tend to my own business. 
“>. BW. FOwen. 

WANTED—Position as engineer by young, 
steady married man; moderate salary; use 
no liquors; keep things neat and clean; ref- 
erences; tools and indicator; eight years’ ex- 
perience in boiler plants up to 200 hp.; 
Corliss and other types of engines to 150 h.p. ; 
also small dynamos; can come on_ short 
notice. Address “A. D. F.,’”” PowEr. 

WANTED—Position as assistant engineer 
or helper in power plant; am a student of 
the I. C. S. on steam engineering; have had 
experience on horizontal and vertical cross 
compound condensing engines, air pumps, 
Parsons steam turbines, condensers, and al- 


ternating current generators; married; age 
28 years; good -references; will go any- 
where. Box 55, POWER. 


POSITION WANTED as assistant superin- 
tendent or chief engineer of a light and 
power company of steam, water or gas. Am 
a technical man with eight years’ experience 
in central station construction and operation ; 
expert on all meter work, armature winding 
and repairs. Am at present employed but de 
sire a change. Western States .or Mexico 
preferred, but will go abroad. Box 37, Pownar. 


Miscellaneous 


* 
Advertisements under this 
serted for 25 cents per line. 
make a line. 


IF YOU DESIRE to learn the latest im 
provement in steam boilers, correspond with 
the Detroit Water Tube Boiler Co. 

MANUFACTURERS—Are you represented 
in the State of Minnesota? If not, write me 
and submit your proposition. 521 Lyceum 
Bldg., Duluth, Minn. 

ENGINES AND BOILERS, 
engine castings in sets. Models and genera! 
machine work. Sipp Electric and Machine 
Co., Paterson, N. J. Catalog 4c. 

PATENTS—H. W. T. Jenner, patent at 
torney and mechanical expert, 608 F St.. 
I make free examination 
and report if patent can be had, and exact 
cost. 

ENGINEERS AND FIREMEN—Send 10 
cents in stamps for a 40-page pamphlet con 
taining a list of questions asked by an ex 
amining board of engineers. Stromberg Pub 
lishing Co., 2703 Cass Avenue, St. Leuk, Mo 


A large company in England is just mar 
keting a new improved mechanical stoker 
and water gas generator. Inventor has re 
tained U. S. patent rights and wants partne: 
to join him in manufacturing it. For inter 
view and particulars address Box 39, POWER 

Have a non-poisonous compound that will 
absolutely prevent incrustation and corrosion 


head are in 
About sig words 


% to 2 hp 


of boilers. Used by British Admiralty, Rus 
sian and French governments and principal! 
English railroads. Have bought merican 


rights and want partner to help market same 
in U. S. For samples and particulars ad 
dress Box 58, POWER. 

AGENCIES WANTED—The undersigned, eD 
gaged in mechanical and electrical engineer 
ing, is in an excellent position to act ar 
agent for builders of engines, boilers, elec 
trical machinery, air compressors, and par 
ticularly coal mining machinery; _unques- 
tioned reliability. Address H. B. Langille, 
Centralia, Washington. 


For Sale 


FOR SALE—One belted generating set, 3° 
kw. Box 49, Power. 
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How to Set the Valves of a Putnam Engine 


Distinctive Features of the Valve-gear Pointed Out, With 
Plain Directions for Setting the Valves with Approximate Accuracy 





B Y 


The high-pressure, variable cut-off en- 
gine built by the Putnam Machine Com- 
pany, of Fitchburg, Mass., and known as 
the Putnam engine, 
valve-gear features which should interest 
the operating engineer. There four 
“double-beat” poppet valves, all operated 
from a single lay-shaft running at one- 
half the speed of the main shaft, with a 
range of cut-off from o to full stroke. 
A general idea of the valve-gear 
be obtained by examination of 
which shows the back or valve-gear side 
of a left-hand engine cylinder. A 


presents distinctive 


are 


may 
lig. 1, 


See 


or 


he 


lifting the 
While the levers of 2 and 3 are in post- 
tion, tighten the set-screws in the rocker 
arm £, Fig. 2, at the bottom of the regu 
lator, when the balls may be lowered 
(Fig. 6) and the regulator adjustment is 
complete. 


valve as shown in Fig. 2. 


the 
lator refer to the old-style regulator; the 
new-style regulator, Fig. 5, 
different and is operated in the follow 
After all 
have been made, raise the balls until the 


These directions regarding regu- 


is somewhat 
the connections 


ing manner: 


clearance S, between the center weight 


JOHNS ON 


shait. The question of direction of rota- 
tion made 
secure in their respective shafts, and the 


being settled, the gears are 
crank-pin put on the center nearest the 
cylinder. 
Beginning at valve 2, Fig. 3, with the 
valve closed, make a mark on the valve- 
16 of an inch below the packing 
box, turn the cam by hand in the direc- 
run the mark 
on the valve-stem is flush with the stuf- 
to the 
This 


1/16-inch valve opening when 


stem 1 


tion it is (Fig. 7) until 
fing-box and make the cam fast 
shaft by means of the set-screw. 


will give 

















tional view of the valves and steam pas 
sages is shown in Fig. 4. A diagram of 
valves 
2 and 3 being the steam valves and 1 and 
4 the exhaust valves. 

To set the valves of a Putnam engine 
first attach the regulator to the valve- 
gear, raising the balls of the regulator 
as high as they will go and holding them 
in that position (see Fig. 2). Then push 
in the steam levers of valves 2 and 3 
far enough to allow the cams which oper- 
ate them to be turned around on the 
shaft, just clearing the levers without 


the side shaft is shown in Fig. 3, 





tHE PUTNAM ENGINE 
and the collar, is % of an inch. Hold 
in that position and push the levers 


of 2 and 3 in far enough to allow the 


cams to operate as with the old-style 
regulator. 
If the engine is to “run over,’ the 


bevel gear at the end of the lay-shaft 
should occupy the position of EF, Fig. 2. If 
the engine is to “run under,” the positions 
of the collar D, Fig. 3, and the gear are 
exchanged. The lay-shaft revolves in the 
same direction in all cases. The chang- 
ing of the position of the gear changes 
the direction of rotation of the engine 


the crank is on the center. With the cam 
of exhaust valve 4 proceed in exactly 
the same manner as with steam valve 2, 
except that the mark on the stem should 
be 3/16 of an inch below the packing box. 
Be sure that the both 2 
and 4 are set up securely and the crank is 
opposite center. 

Proceed with steam valve 3 exactly as 
with 2, allowing only 1/32 of an inch lift 
to the valve. The reason for doing this 
is because the piston travels much more 
slowly in the crank end of the cylinder 
than in the head end and does not need 


set-screws in 
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Side Shaft 












































FIG. 3. DIAGRAM OF SIDE SHAFT 
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FIG. 2 








the same amount of lead to secure full 
steam pressure at the beginning of the 
stroke. Exhaust valve I is set the same 
as 4, with 3/16-inch rise. 

The rock-shaft which operates the cam 
levers of 2 and 3 is provided with leather- 
lined caps to the bearings, which are in- 
tended to furnish the necessary friction 
to prevent unsteady action of the regu- 
lator. These caps should be tightened 
just enough to produce the desired steadi- 
ness and no more, for if undue friction 
is induced the governor will be prevented 
from responding quickly to a change of 
load, and the motion of the engine will be 
unsteady. 

The foregoing instructions are intended 
to serve for setting the valves as ac- 
’ ' curately as can be done without the use 

Seis oh alae of the indicator. After the engine is in 
—s operation the indicator should be used 
to check the work and secure accuracy. 

















FIG. I. VALVE-GEAR OF THE PUTNAM ENGINE 
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A Blowing-engine Repair 





By Atonzo G. COLLINS 
































































While employed by a Western engine 
builder I was sent to a Pennsylvania rail 
mill to overhaul a pair of bessemer-steel 
blowing engines, part of the work being 
to remove and replace the piston-rods, for 
the purpose of making a change in the 
metallic packing which could not be taken 
out without removing the rods. When 
the mill was built, a few years previously, 
it was exploited in the mechanical press 
as one in which neither effort nor expense 
had been spared to make it up to date, 
and I spent a good part of the waking 
hours of my trip in pleasurable anticipa- 
tions of a roomy engine house, with a 
traveling crane overhead to handle the 
heavy parts. The shock my nervous sys- 
tem got when I entered the engine room 
was something to remember. There was 
room enough on the floor, but there was 
very little overhead; not only was there 
no crane, but there was nothing to hang a 
tackle from, except the roof trusses, and 
they were spaced so as to be on each side 
of the engine. 

The engines were double, inverted, ver- 














FIG. 4. SECTIONAL VIEW OF VALVES AND STEAM PASSAGES 


tical; the air cylinders were above the 
steam cylinders, and both above the crank- 
shaft, which had a crank on each end, to 
serve the two sets of cylinders, and a 
fly-wheel between. Two piston-rods con- 
nected the steam piston to the crosshead, 
which was a massive forging, with square 
bosses to receive the two piston-rods, the 
connecting-rod working on a pin between 
them. 

One piston-rod connected the steam pis- 
ton to the air piston, passing through 
stuffing-boxes on the upper end of the 
steam cylinder, and the lower end of the 
air cylinder. The various piston-rods 
were fitted in the pistons and crosshead 





with taper fits, secured by nuts. 
HANDLING THE HEADS AND PISTONS 


It was something like 50 feet from the 
: top of the air cylinder to the floor, and to 





avoid handling the top air head and air 
piston down and up through this distance, 
I decided to pile the head of one cylinder 
on top of the other cylinder, and the pis 





ton on top of that; then, when the re- 
pairs had been completed on that side, the 
p other air head and piston could be piled 


on the completed side. 








I then placed two heavy timbers on the 
lower chords of the roof trusses, spanning 
the space over the engine and about a foot 





apart, with a rail spiked on each to serve 
as a runway or track for my trolley. 
The trolley was made of a piece of 6 
: inch shaft, with a groove turned in the 
Y) middle, and two holes drilled through at 


Cam Lever 





right angles near one end. I placed the 


oy _ piece of shaft as a roller across the two 

,, rails, and hung a shackle in the groove to 

lie, i: sesiaiiite tia ote oe hang the hoisting tackle on, which thus 
5. 7 hung between the timbers. 
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When I had hoisted the head, a crow- 
bar was inserted in one of the holes in the 
roller, which in combination with a husky 
Hungarian walked that head over to its 
resting place in short order. 

Having removed the top air head and 
blocked up the top steam head against the 
bottom air head, I revolved the fly-wheel 
until the pistons were at the top center. 
I then hitched the hoisting tackle to eye- 
bolts screwed into tapped holes in the air 
piston, and taking the weight of the pis- 
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backed off all the piston-rod nuts about 
one-eighth of an inch, and lowered the 
pistons until the air piston was resting on 
the timbers, connecting up the connecting- 
rod to the crank-pin as the rod went 
down. 

As the crank-pin was now very close 
to the bottom center, I did not expect to 
have any difficulty in pulling the rods 
loose by a slight pull on the fly-wheel, and 
they did all come loose very nicely, ex- 
cept the lower end of the air-piston rod, 
which stubbornly resisted all the strain | 
dared put on it, as I had no desire for a 
bent crank-pin. 


REQUIRED Heroic MEASURES 


I soon saw that it would require more 
heroic measures than I was then exerting, 
so I unshipped the connecting-rod from 


the crosshead, leaning it against a girth in’ 


the housing, and again hoisted the pis- 
tons out of the cylinders, and built up a 
cribwork of timbers on the bottom air 
head, high enough to negotiate a lever 
and fulcrum between the lower steam 
head and the crosshead, using a one- 
hundred-ton hydraulic jack between the 
long end of the lever and the cvlinder- 
head for the power. 

In order to protect the crosshead-pin 
from abrasion by the lever, and to obvi- 
ate any danger of bending the crosshead, 
I placed a 3x6-inch bar of steel, set up 
edgewise on the crosshead, spanning the 
gap between the square bosses’ which re- 
ceived the two piston-rods, to take the 

















= 








ILLUSTRATING A BLOWING-ENGINE REPAIR 


ton and rods on the tackle, I unshipped 
the connecting-rod from the crank-pin, 
swinging it out of the way, but hanging 
on the crosshead. 

I then hoisted pistons, rods and _ all, 
until the pistons were out of the tops of 
the cylinders, so that two heavy timbers 
could be laid on the lower air head in the 
cylinder against the piston-rod. 
These timbers reached nearly across the 
cylinder, so as to distribute the weight 
over a large area of the head. I then 


close 


strain of the lever, which was a 6x6-inch 
steel bloom about 7 feet long. 

The fulcrum was about 8 inches from 
the bearing on the crosshead, so there was 
a leverage of at least five to one, or 500 
tons, and if anyone had expressed any 
doubt (which no one did) about that com- 
bination ending the crisis, I would have 
agreed to eat the whole thing and look 
pleasant over it. : 

It was near quitting time when every- 
thing was ready. so, as we expected to 
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try and finish that side that night, we 
knocked off and went to supper. After 
supper we went at it again, got the jack 
on the lever, everything blocked up nicely 
and pumped. 


Rop REFusED To LOOSEN 

The sides of the lever were not exactly 
flat, being just as it came from the rolls, 
and to overcome this I had placed small 
strips of steel on each edge, at the bear- 
ing points and under the jack, to keep 
everything square, but when we had got 
the pressure to where I was expecting the 
rod to let go, one of the strips flew out 
from under the jack; no one was hurt, 
but we had a strenuous moment, to pre- 
jack falling into the crank-pit, 
feet below. 

I then placed strips of hardwood in 
place of the steel, and that was better, 
but they would crush unequally so that 
the lever would yaw to one side when we 
got any pressure on it, and then it was all 
to do over again. We finally got it solid, 
and pumped that hundred-ton jack to a 
standstill, and nothing doing. 

I set fire to a bunch of and 
dropped it down on the piston, to try and 
expand it by heat, but it only smouldered, 
without generating any heat to speak of. 

I asked the master mechanic to 
nect a small hose to one of the natural 
gas pipes, so that I could play a blaze on 
the piston, but he said he did not dare 
do it; that the natural-gas company had 
inspectors out at ali hours, and if they dis- 
covered anyone using gas, except at the 
authorized outlets, there would be all 
kinds of trouble. 

I tried various schemes to get a fire on 
Anything in 
the nature of a grate that would allow air 
to circulate under the combustibles would 
also raise the fire from the piston, and the 


the 
about 25 


vent 


waste 


con- 


the piston, but to no avail. 


heat spent itself on almost everything else. 

Along about 3 o’clock in the morning 
everyone was about worn out; the master 
mechanic had gone home, and I persuaded 
the foreman of the the 


hose together, and pipe the gas over to 


laborers to get 
the engine, and with a long piece of half 
inch pipe for a nozzle, I soon had a merry 
blaze playing on the piston, and in a short 
time the rod let go. 

The make 


the parts were arranged, but I have omit 


illustration will clear how 
ted the parts showing how the air cylin 
der was supported, as that will be under 


stood. 





The specific heat of steam being about 
one-half that of water, its tempera 
ture will be raised about twice as much 
as that of water by applying the same 
amount of heat to the same weight of 
steam and water. 





One kilowatt-hour will supply a_ 16 
candle-power lamp consuming 3% watts 
per candle for 18 hours, or it will lift on 
ton to a hight of 1207 feet. 
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Hot Gas Re-heaters 


A few years ago a re-heater was ce 
signed by F. W. Dean, of Boston, for 
the pumping engine at the Haverhill, 
Mass., water works for the purpose of re 
heating the steam between the high- and 
low-pressure cylinders of the Barr pump 
ing engine installed at that place. This 
vas a horizontal cross-compound engine, 
and results of two tests were made pub 
lic a few years ago. Engines of this size 
and type, when equipped with a steam re 
heater, have usually given a duty of about 
128,000,000 foot-pounds of work for each 
1000 pounds of dry steam consumed, but 
the Haverhill engine gave a duty of about 
150,000,000 foot-pounds on each of two 
different tests. While this is a remark 
able increase in duty over that prevailing, 
no cause for it, except for the effect of 
the re-heater, could be assigned. 

\t the New Haven water works a 
d’Auria pumping engine equipped with a 
similar re-heater, designed by Mr. Dean, 
was tested by Professor Richards, of the 
Sheffield Scientific School, and gave a 
duty of 134,000,000 foot-pounds per 1000 
pounds of dry steam. This was probably 
16 or 18 millions higher than it would 
have been without the re-heater. At the 
Woonsocket (R. I.) water works a re 
heater of this type was installed, but its 
effect was not determined before some 
superheaters had been installed, these 
superheaters not having been at first con 


f course 


templated. The superheaters ¢ 
diminish the ability of the re-heater to 
effect a saving of steam, and with a super 
heat of about 150 degrees Fahrenheit by 
the Foster superheater the re-heater saved 
only about 3 per cent. 

The first application of this type of re 
heater for a mill plant was at the choco 
late works of Walter Baker & Co., of 
Dorchester, Mass. There are here two 
vertical Allis cross-compound = engines, 
vith cylinders 22 and 48 by 48 inches, 
running at 120 revolutions per minute. 
The steam for the plant, power and other 
wise, is supplied by ten 200-horse-power 
vertical boilers, carrying 175 pounds pres 
sure. There is a_re-heater for each 
engine, and each is 8 feet 9 inches in 
diameter and contains 151 six-inch boiles 
tubes. The boiler gases pass through th. 
tubes and the steam around them. The 


re-heaters superheat the steam about 50 
degrees Fahrenheit, and a test has shown 
a saving of 6 per cent. by their use. The 
re-heaters are shown on one of the ac 
companying drawings, and the plan and 
elevation show their general arrangement 
in connection with that of other parts of 
the plant. 

The gases come from the boilers to 
the flue along the center space between 
the boilers, and then pass to a flue at right 
angles; that flue has two rectangular 
branches passing downward, by means of 
which the gases can come into the lower 
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flue, and thence into the economizer and 
to ‘the chimney; that is, when the re- 


heal}rs are not in use. When the re-heat- 
ers are in use, the dampers in these two 
rectangular, short, vertical flues are 
closed, and the dampers in the two 
branches above, passing into the tops of 
the re-heaters, are open. The gases then 
pass into a sort of smoke bonnet on the 
tops of the re-heaters, down through the 
tubes into another similar bonnet and 
thence out horizontally into the lower 
branch of the flue, into which the before- 
mentioned vertical rectangular pieces go. 
The gases then move horizontally away 
from the boiler room into the econo- 
mizer. 

In the engine room can be seen the pipe 
passing from the high-pressure cylinder 
into the re-heater, and a larger one going 
back to the low-pressure cylinder. There 
are valves in these pipes, and a cross con- 
nection, so that the steam can exhaust di- 
rectly from the high- to the low-pressure 
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Condensation of Steam in Un- 
covered Pipes 





By F. E. MatTrHews 


This article was prepared to answer a 
correspondent who propounded the fol- 
lowing: Is an atmospheric steam con- 
denser, composed of twenty-four 2-inch 
by 15-foot pipes, and used for distilling 
water, large enough for a 22-ton ice 
plant, the temperature of the cooling 
water being 80 degrees Fahrenheit? Also, 
please give a simplified rule for calcula- 
tion of the condensation per linear foot 
of 2- and 5-inch uncovered steam pipe 
under 100 pounds pressure. 

Experiments conducted by various 
authorities for the purpose of determin- 
ing the heat interchange between steam 
and air through iron pipes, with differ- 
ences in temperature ranging from 150 to 
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cylinder. One of the men shown in the 
drawing, on page 561, is working a 
damper to let the gases by-pass the 
re-heaters. 





Cleaning Machinery 





Dissolve 1 pound of concentrated lye 
in about 2 gallons of water, and with a 
mop saturate the engine with the liquid, 
being careful that it does not get into the 
oil-holes of the journals and _ bearings. 
After the lye has eaten all the grease and 
gum from the surfaces, clean perfectly by 
scraping and brushing, and after the iron 
is dry and free from grease, apply a thin 
coat of lead paint, says Thresherman’s 
Review. After this is thoroughly “set,” 
paint the iron a deep black and varnish 
heavily. Coloring, striping or decorating 


should be done before varnishing. Then 
the engine can be easily and quickly 
cleaned with a dusting cloth, and escaped 
oil can be wiped off very easily. 























Boiler | 
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OF BOILER ROOM 


223 degrees Fahrenheit, show the number 
of pounds of steam condensed per square 
foot per hour per degree difference in 
temperature to be from 0.00217 to 0.0035, 
this corresponding to from 2.07 to 3.22 
B.t.u. The rate of condensation unfortu- 
nately does not seem to be constant at 
different temperatures under the same 
conditions otherwise, and is far from 
being constant under different conditions 
of the surrounding atmosphere, especially 
as regards humidity, velocity of air cur- 
rents, etc. 

The temperature of 100 pounds steam 
being 338 degrees Fahrenheit and that of 
the surrounding air assumed to be 100 
degrees Fahrenheit, making a difference 
of 238 degrees, we should expect the con- 
densation to be about 


238 X 0.0035 = 0.833 


pounds per square foot per hour. 
The area of 2-inch pipe, for example, 
being 0.261 square foot per running foot, 
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condensation of steam per running foot 
under the above conditions would be 


0.621 X 0.833 = 517 


pounds per hour. The condensation per 
running foot for pipes of other sizes 
would be in direct proportion to their 
respective areas. 

Whether the pipe is vertical or hori- 
zontal also makes considerable difference 
in the amount of heat interchange, and 
while we realize the above figures may 
not agree with published tables on this 
subject, the apparent discrepancy is to be 
accounted for in the fact, above men- 
tioned, that comparatively slight varia- 
tions in conditions produce wide varia- 
tions in results. 


STEAM CONDENSERS 


The “Compendium of Mechanical Re- 
frigeration and Engineering” gives the 
following formula for calculating the 
number of square feet of surface in steam 
condensers per ton of water to be con- 
densed : 


While not definitely so stated, it is as- 
sumed that the 80-degree cooling water 
flows directly to the steam condensers 
without first passing over the ammonia 
condenser, as is the usual custom. The 
mean temperature of the cooling water, 
allowing 12 degrees difference between the 
temperature of the water leaving the 
condenser and the condensed water (212 
degrees), will then be 


which substituted in the above equation, 
and simplifying, gives 


80,000 
(4, —?t)an 


But 2, the number of B.t.u. transmis- 
sion, which ranges from 100 to 500 for 
commercial work, in which the pipes are 
always more or less insulated with scale, 
is taken at 100. We then have 


80,900 


— (212 — 140) ” © 


800 


800 ie 
72 


212— 140 
=m 11.2 

square feet, or 17.7 running feet of 2-inch 
pipe per ton, or 390 running feet for a 
plant of 22 tons capacity. This checks 
quite closely with the 360 feet given 
which, if kept free from deposit, should 
be sufficient for the plant, if the 80-degree 
water is, as assumed, used directly on the 
steam condensers. 

One can readily determine the amount 
of piping required per ton for water of 
other temperatures by dividing 800 by 212 
minus the mean temperature of the water. 
The mean temperature being determined 
as above. See equation 


de 


= 140. 
2 d 
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Corliss Inlet Valves on Air Compressors 


Simple Directions for Setting Them, with Diagrams Illustrating the Two 


Principal Forms of Corliss Air-valve Drive, Plain and Swing-plate. 





B Y 


Theoretically the Corliss inlet valve of 
an air-compressing cylinder should open 
the port instantly at the beginning of the 
stroke of the air-cylinder piston, and 
also close it instantly at the end of the 
stroke, presenting the widest opening of 
the port at mid-stroke when the piston is 
traveling at its greatest speed. It is im- 
practicable, however, to build such cyl- 
inders without end clearance, made up of 
the clearance between the piston and cyl- 
inder-head, plus that of the air ports un- 
der the valves, therefore, the percentage 
of this clearance determines the point at 
which the inlet valve should open. 

‘Lhe compressed air contained in the 
clearance space at the end of the stroke 
should be allowed to re-expand to the in- 
take pressure as the piston recedes, before 
the inlet port is opened to admit new air. 
This takes place automatically, when 
spring poppet-inlet valves are used, which 
do not open until the pressure in the cyl- 
inder is drawn down below the outside 
pressure, but the Corliss valve having a 


Position of Valve when 
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found in compound air cylinders (also 
those for low air pressure), where two 
and one-half or three total compressions 
occur in each cylinder, and we will as- 
sume for illustration the compound air 
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cylinder. Assume that the end clearance 
is equal to 1% per cent. of stroke filled 
with air at 26 pounds gage; to re-expand 
this air to atmosphere, or the intake pres- 
sure, the volume must be 1.5 KX 28—=42 


Re-Expansion Line 


Correct Point 
of Opening 


Atmospheric 





FIG. 
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A and T (Closing) 
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Head End 


fixed travel must be adjusted to meet this 
condition. 


THE CLEARANCE 
Corliss inlet valves are more frequently 


Crank End 
FIG, 2 


cylinders for pounds terminal air 
pressure. In this case with the cylinders 
properly proportioned, there will be about 
2.8 pounds compression in each cylinder, 


or 26 pounds gage in the low-pressure 


100 


cae wm 
~ 

Opening too Late red 

: Opening too Early 


I 





Piston Travel 





| 
' 
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of stroke, from which deduct 
the original clearance of 1% per cent., 
leaving 2.7 per cent. of the stroke that 
the piston must travel before the valve 


opens; see Fig. 1. 


per cent. 
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If the data are not at hand, nor procur- of the end clearance the length of travel is, at X. Proceed to set the crank-end 
able, for making the above calculation for the piston should make before the valve valve, first by placing the crank-pin at 
any particular case, the valve setting must 
be adjusted from indicator diagrams taken a 
from the first approximate setting. The 
accompanying diagrams represent two il ~ 
forms of valve drive; as the straight or 
plain drive wherein the valves rotate 
equidistant either side of a center line that 
corresponds with the center of the ec- 2 & 


: ‘ ‘ 0m, Piston Travel 
centric travel, and the swing-plate drive p¢ age NO 


O*and/P?_ M)\ | 


] 


1\ 


~—— Piston 





Head End Crank End 


FIG. 3 


where the valves rotate through a greater 
arc during the open period than during — 
the closed period of their travel. . 


THE PLAIN DRIVE *% 


Referring to Fig. 2, which is a plain 
drive, the crank-end valve will open the a || 
port during the stroke from B to C and Cae a) N 


will close it from C through A to B. The F _— wae 1 Of, 
head-end valve will open the port during D 
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FIG. 4 
the stroke from D to A and close it from should open, which, say, is equivalent to and place the valve-arm in an exact ver 
41 through B to D. the crank-pin travel from A to B, deter- tical position, M, which should place the 


Having determined by actual calculation mine the midpoint between A and B, that valve on more or less lap. Then adjust 
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the length of the eccentric-rod to suit 
these positions. 

Next rotate the crank-pin to B, which 
rotates the eccentric to O, and the valve- 
arm to O*, which should bring the valve 
line and line ready to open; if not, alter 
the length of the eccentric-rod and adjust 
the valve so it will come line and line. 
Then turn the crank-pin to the center C, 
which rotates the eccentric to P, and the 
valve-arm to P*, at which point the valve 
should be found line and line for closing. 
The valve at the head end of the cylinder 
is next adjusted by placing the crank-pin 
at D, opposite B, and lengthen or shorten 
the valve-rod R so that the valve stands 
line and line for opening the port, see 
Fig. H. Then turn the crank-pin over 
to the center A, when the valve should be 
found line and line for closing. 

If indicator diagrams taken under speed 
and pressure conditions show the valve 
opens too late or too early at the begin- 
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at point X, as determined in case of Fig. 
2, and place the swing-plate on the ver- 
tical center line M, Fig. 3. Then place the 
eccentric in the lower vertical position N, 
or go degrees ahead of the crank-pin cen- 
ter A, and adjust the length of the eccen- 
tric-rod to suit these positions. Next 
move the crank-pin to the position B, 
which rotates the eccentric to O and the 
swing-plate to O*. The crank-end valve 
should be placed line and line for opening 
the port, at O*, by adjusting the length of 
the valve-rod C R. Then rotate the crank- 
pin to the center C, which rotates the 
eccentric to P and brings the swing-plate 
back to P?, where the valve should be 
line and line for closing. 

The valve of the head end of the cyl- 
inder should next be adjusted. Place the 
crank-pin at position D, Fig. 4, diagonally 
opposite B. This rotates the eccentric to S$ 
and the swing-plate to S*. Then place the 
valve in the position S*, line and line for 


Missing Valve 
Stem 






















































ning of the intake stroke (see Fig. 1), it 
means that in case of too late an opening 
the valve has too much lap and _ that 
position B, and consequently X, should be 
nearer A, which in readjusting the eccen- 
tric for this new position throws it farther 
back. If the valve opens too early, not 
having enough lap, position B, and con- 
sequently X, should be farther ahead from 
A, which throws the eccentric farther 
ahead. 

In this form of drive the eccentric fol- 
lows the crank, provided the motion is 
not reversed by intermediate rockers; if 
reversed the eccentric leads the crank. 


SWING-PLATE Drive 
With the swing-plate drive the valves 
should open and close during the same 
periods of stroke as in the previous case, 
and the letters of the diagrams corre- 
spond. Suppose the valve of the crank 
end are to be set first, place the crank-pin 


opening, by adjusting the length of the 


valve-rod HR. Next rotate the crank- 
pin to the end of the stroke A, which ro- 
tates the eccentric to T and the swing- 
plate to 7°, at which point the valve 
should be line and line for closing. If 
indicator diagrams show the valves open 
too late or too early, the correct point of 
opening should be arrived at as in the 
case of the straight drive. 

In the swing-plate drive illustrated, the 
eccentric leads the crank unless reversed 
by intermediate rockers in the valve-gear. 
The diagrams are not drawn to scale, nor 
the details in exact relative positions to 
each other, but illustrate the two principal 
forms of Corliss air-valve drive without 
taking into account the many various ar- 
rangements of detail to be found in use. 

In compound compression the setting of 
the inlet valves of. the high-pressure cyl- 
inder is carried out on the foregoing 
basis. 


Gate Valve 
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Restoring a Disabled Pump 





By W. H. WAKEMAN 





The duplex pump mentioned in this 
article is one of a pair used in my plant 
to take cold water under about 20 pounds 
pressure and raise it until there is suff- 
cient pressure to carry it to the upper 
floor of a large building for use in 
laboratories, etc. 

One day pump No. 2 showed indications 
of a broken or loose internal part, and it 
was shut down at once for investigation. 
On removing the water cap, or water- 
chest cover, one of the water-valve stems 
was missing, as shown at the upper front 
valve in Fig. 1. It was not in the water 
chest, and as there was just space enough 
in the passage through which water goes 
out to allow it to pass into the discharge 
pipe, the bonnet of the gate valve shown 
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Missing Valve Stem 


found here af 


was removed and careful search made for 
the missing part in the valve and pipe 
connections, but it was not found there. 

Between the gate valve and the air 
chamber that consists of a piece of extra- 
heavy 6-inch pipe, fitted with a pressure 
and a water gage, there is a tee which 
gives a short, right-angle turn in the pip- 
ing system, but this does not appear in the 
illustration. As this short turn pre- 
vented thorough search through the con- 
necting pipes, it was necessary to remove 
both pressure and water gages, then un- 
screw the air chamber. Directly under 
this the missing water valve-stem was 
found, as shown in Fig. 1, after which the 
air chamber and its fittings were re- 
placed. 

Fig. 2 is a larger view of the lost part, 
showing the hollow top in which a wrench 
with a hexagon end can be inserted, al- 
though it is just as well.to use a monkey 
wrench on the outside in the usual way. 
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In order to prevent another accident of 
this kind, a hole was bored through each 
side of the water-valve stem head, one 
of which was tapped and a threaded brass 
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FIG. 2 


rod, or pin, inserted. Both ends were 
set out by a prick punch, instead of rivet- 
ing them in the usual way, because pro- 
jecting heads could not be allowed in this 
place. This was done to prevent it from 
unscrewing while in regular service. The 
three other water-valve stems on the dis- 
charge valves were equipped with the 
same device. 

Fig. 3 shows them in place ready for 
service, with copper wires passed around 
the brass rods, thus fastening them to- 
gether in pairs. These wires are used to 
prevent the stems from turning, making 
it impossible for either of them to un- 
screw and disable the pump as before. 
The lower valve-stems were not fastened, 
because they cannot unscrew as long as 
they are covered by the upper water-valve 
plate. 

The T-shaped passage through which 
the water-valve stem passed after being 
unscrewed by action of water passing 
around it is shown in this illustration. 

The mate to this pump was treated in 
the same way, thus forestalling a similar 
accident, as the action of water in rapid 
motion through these ports, chests and 
other passages loosens these screwed 
parts and finally displaces them unless 
precautions are adopted to prevent it. 


A Loose Nut CAusEp TROUBLE 


At another time this pump was making 
more noise than usual, thus giving warn- 
ing of failure ‘unless the matter received 
prompt attention. When beginning a 
stroke the water piston would jump 
quickly for a short distance, then strike 
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something apparently, after which it 
would complete the stroke in the ordinary 
way. The water-cylinder head was re- 
moved, showing that the nut on the pis- 
ton-rod was loose, and it had turned back 
until contact with the split pin provided 
for this purpose prevented a_ farther 
progress along this line. This caused lost 
motion, which was taken up in one direc- 
tion after a stroke was begun, but at each 
reversal of motion it was necessarily 
taken up in the opposite direction, causing 
the jump and noise above mentioned. 

The point that I wish to emphasize in 
this connection is that when a pump 
shows signs of failure in some of its in- 
ternal parts, it should receive attention 
immediately, and not be allowed to run in 
imperfect condition until it refuses to act, 
as in that case it will require more ex- 
pensive repairs than if it had received 
due attention without delay. 





Care of Bearings 





By F. P. Kinper 





When I took my examination one of 
the questions was: “How would you pro 
ceed with a hot box?” If I, as manager 
or owner of a large plant, were looking 
for an engineer, that would be one of the 
first questions I should ask an applicant 
I believe that when a man declares that 
he never had a hot box, he is either not 
telling the truth, or he has not had much 
experience, especially with large bearings 

Anyone who has had much to do with 


the care of bearings ranging from 6 
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t>? 14 inches in diameter knows that 
they are treacherous and will heat up 
sometimes at short How the 


shivers run down your back when you 


notice. 
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find a large bearing so hot that you can- 
not hold your hand on it long enough 
to count two, when less than 30 minutes 
before it was running all right. That is 
when a man must work quickly. He 
must not get excited, but know what to 
do and have everything to do with. I 
have known bright young engineers, 
well versed in engineering, who would 
completely lose their heads and hardly 
know what to do with a hot box of any 
size. 

When babbitt attains a certain degree 
of heat it expands very quickly, and the 
first thing to do is to slack up on the 
cap-bolts (and quarter-boxes, if there are 
any); but if it is a very large box, it 
is not sufficient to slack up on the cap- 
bolts as the weight of the cap still bears 
on the shaft and will cause consider 
able friction and prevent the cooling of 
the shaft. Some large boxes are providea 
with screws for the purpose of raising 
the cap, but if not, a small wedge made 
of 1x™%-inch flat inches 
long, must be driven under the cap on 
both sides. Then apply a liberal supply 
of good cylinder-oil that will stand high 


iron, about 2 


temperature before it will burn. I have 
cooled some very large bearings this 


way and would not recommend any other. 
I have heard of engineers using fine 
salt, white lead, sulphur, and soap, but 
all of these have a tendency to wear out 
the babbitt. What the babbitt wants is 
room to expand in, and plenty of good 
lubrication will from getting 
worse and will gradually cool it. If the 
bearing has been lubricated with grease, 
I would not advise the use of oil. Slack 
up as before and apply more grease 
After a box has been very hot the cap 
should be removed at the earliest oppor- 
tunity and all the oil grooves cleaned out, 
or it is liable to give trouble again soon 
Never molest a box that is running all 
right, just to see if the grooves are in 
it will 


prevent it 


good order, as the chances are 
heat up the next day. 

For many years I have made it a rule 
to wash out all large bearings at least 
once a month with kerosene, and | 
seldom ever have a hot box now. I run 
the oil all out of the cups just before 
shutting down Saturday, fill them with 


kerosene and allow it to run down 
through the bearing and wash out all 
grit that may have accumulated 

The best oil is none too good for a 


bearing. While filtered oil is used many 
times, it is not half filtered and the bear- 
While it may 
cannot pre- 


ings suffer in consequence. 
keep them running cool; it 


serve them as new oil will. 





An electric generator in a_ smelting 
plant at West Jordan, Utah, is said to 
have been in constant operation twenty- 
four hours a day for nearly four years 
and a half, with a single interruption, 
which was due to a broken pulley. 








568 


Determination of the Volume of 
Water Flowing in a Stream 





By F. M. Bertin 





The great majority of small power 
plants in this country are located in close 
proximity to a stream of flowing water, 
but very few engineers know how to com- 
pute or estimate the flow of the current. 
In the case of small pumping stations 
it is of absolute importance that the 
amount or volume of water flowing in 
the stream should be known with some 
degree of exactness. 

There are various methods used by 
hydraulic engineers to determine the flow, 
these methods varying in exactness ac- 
cording to the degree of accuracy re- 
quired. It can readily be seen that the 
volume of water passing any given point 
in a given period is equal to the product 
of the area of the cross-section of the 
stream multiplied by the mean velocity 
of the current or: 

O=S7, 
where Q =the volume of the flow, S= 
the area of the cross-section and ’ = the 
velocity of the current. 

For instance, suppose we have a long 
box, the area of its cross-section being 
one square foot. Now suppose that water 
is flowing through this box with a velo- 
city of 600 feet per minute, then the vol- 
ume of water which would pass any given 
point in one minute would equal 600 cubic 
feet. If a stream has a cross-sectional 
area of about 700 square feet, and a stick 
is laid on the water and it goes 100 
feet in a minute, then the volume of 
water passing in one minute is equal to 
700 X 100 = 70,000 cubic feet, which is a 
very rough estimate, but still practically 





FIG. I 
all of the more refined measurements 
rest upon this principle. 

Now the mean or average velocity of 
the current cannot be determined by lay- 
ing a stick on the water, for water on 
the surface flows much faster than at the 
sides and bottom, where the friction of 
the banks and bottom lessens the velocity 
to a very marked degree. 


MEasuRING VELOCITY oF FLOW 

The true mean velocity is the mean of 
all the velocities of all the small sections, 
as of one square foot in area, of the 
entire cross-section. There are two 
methods in use of measuring the velo- 
cities at any part of the cross-section, by 
current-meters or by sub-surface floats, 
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but these methods are complicated and 
their use is restricted to the more refined 
measurements of hydrographic surveying. 

The method for obtaining at once the 
mean velocity is by means of a rod float. 
If a rod is floated in the stream as shown 
in Fig. 1, its velocity will practically be 
the mean velocity of the stream, for the 
effect of the faster flowing water near 
the surface will be modified by the slower 
moving water near the bottom. The 
maximum velocity is found in the area at 
a, a film of lesser velocity at b, and other 
films of less velocity at c, d, e and f. The 
mean velocity is found between d and e, 
or about three-fourths the depth from the 
surface. 

The rod should ‘be made of wood of 
uniform size and loaded at the bottom so 
that it will float upright with its lower 
end as near the bottom as possible with- 
out actually dragging, the immersion 
being at least nine-tenths of the depth of 
the water. A distance of a few hundred 
feet should be measured along the shore 
and the time in minutes it takes for the 
rod to travel the distance should be 
noted. A number of trials may thus be 
taken, the average being the desired mean 
velocity in feet per minute. Care must be 
taken that not taken 
near a bend of the stream, particularly 
where the water has just passed a bend, 
for the water swirls somewhat, forming 
whirlpools and back-flows and there is 
nothing uniform about the flow. A place 
should be chosen where the current flows 
evenly and where the bottom of the chan- 
nel is as uniform as possible. 


the readings are 


OBTAINING AREA OF CROSS-SECTION 

| have shown how to determine the 
velocity of the stream. The other factor 
required is the area of the cross-section 
of the stream. To obtain this it requires 
a rod graduated in feet and inches or 
better still in feet and tenths of a foot. 
It should be made of iron, for it is diffi- 
cult to keep a wooden rod down in the 
water unless it is weighted at the end. A 
rod may be made of I-inch iron pipe, the 
foot sections painted alternately red and 
white, as on a surveyor’s rod, and the 
tenths marked with a thin line of black 
paint. All the divisions should bé num- 
bered from the bottom up. The rod 
should have a flat disk about five inches 
square the prevent the 
rod from being pushed into the bed of 
the stream. A tape long enough to 
measure from one shore to the other is 
required, which should be graduated like 
the rod in feet and tenths of a foot. A 
boat is required, a man to row it; one 
man to hold the tape on the water line 
of the shore and another man in the boat 
to read the rod and the tape. Then start- 
ing frdm the shore and taking readings 
say every two feet across the stream at 
right angles to the flow, read the depth 
of the water at each point, and the dis- 
tance of the rod from the shore at each 


on bottom, to 
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depth taken. Then the cross-sectional 
area may be computed as follows: 

Let AOB=cross- sectional view of 
the stream, AB being the water line. 
Suppose, for example, you have gone out 
two feet from the shore and measuring 
the depth on the rod, find it to be two 
feet at that point. Then the area of the 
triangle BC D, assuming BD as a straight 
2x? 





line, is =2 square feet. Going 


out two feet more to E suppose the depth 
is three feet. Then the area of the 
trapezoid EC DF is equal to one-half the 
sum of the first depth, and the second 
depth multiplied by the distance EC 
equals two feet. This gives the area of 
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FIG. 2 


EC DF equal to five square feet. Tak- 
ing readings apart from the 
shore makes it easy in computing the area 
of these sections, for the area of any sec- 
tion (except the two next to the shore 
on both sides, as CBD and AM N) is 


two feet 


equal to the sum of the depths, so to 
speak, on both sides of it. Finding the 
area of each section as described above 


and adding them all together gives the 
total cross-sectional area. 

From these two factors, the cross-sec 
tional area and the velocity, is obtained 
the volume of the 
earlier in the article. 


flow as explained 





The Belluzzo Two-speed Steam 
Turbine 

The accompanying engravings illustrate 
a steam turbine designed by Sig.-Ing. G. 
Belluzzo, professor of turbine design at 
the Milan Polytechnic. It was built in the 
hope that it would not be very markedly 
less economical at half power and, half 
speed than at full power and full speed. 
A turbine with these characteristics 
would, of course, be very valuable in 
marine work, and, as will be seen from 
what follows, the expectations of the de- 
signer were substantially realized. 

A longitudinal section through the tur 
bine is shown in Fig. 2. At full power 
and full speed it operates two- 
stage turbine, each turbine being velocity 
compounded, with three rows of moving 
buckets per nozzle. 


as a 


When thus working, the steam is ad- 
mitted by the nozzle shown at A, and 
passes to the exhaust by the branch B. 
The third wheel, to the right, 
serves primarily as a reverse turbine, but 
has the peculiarity that there is a par 
tition on each bucket dividing it into 
two, as indicated on the drawing. The 
outer half of the bucket is the portion 
used in going astern, and is fed by steam 


shown 
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from the nozzle shown at C, this steam 
finally escaping to exhaust by the passage 
D, as shown. 

The lower portion of the buckets on 


speed, therefore, the turbine works with 
three stages in place of two, which, if 
other things were equal, would allow the 
speed to be reduced without loss of effi- 











FIG. 1, BELLUZZO TUREINE WITH HALF OF CASING REMOVED, EXPOSING ROTOR 


the wheel—that is to say, the part nearest 


cicncy in the ratio of 7 3 to 7 2, or to 
the reot—is shaped for running ahead, about 80 per cent. of its value with two 
and is utilized in running at half speed stage working. The desired further re- 
In that case the steam is supplied through duction in the economical speed is ob 
a separate set of nozzles near the bottom tained by causing the steam to work 
of the turbine casing. A section through under somewhat different conditions at 





























nozzles is 


these 


one ot represented in full half At the 
latter each stage works entirely as an 
impulse turbine. The pressure drop takes 


place entirely in the 


speed and at speed. 


hig. 3, and the steam then passes in suc 
ession through all three wheels before 
gets to the condenser. 





Running at half nozzles, through 
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which the steam is directed onto each 
wheel in succession. The pressure curve 
corresponding to these conditions of 
working is shown by the dotted line in 
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FIG. 
kig. 4. When running at full speed, how 
ever, and as a two-stage turbine, the pres 
sure curve is represented by the full line 
Here, although the main drop 
also 


some farther drop in the moving wheels, 


in Fig. 4. 
of pressure is in the nozzles, there is 
which, therefore, work with some degree 
The results of the trials ar 
the 
A and a show respectively the total con 


of reaction. 


represented in Fig. 5. Here curves 


sumption and the consumption per brake 
horse-power of the turbine, running under 
different loads, at a speed of 3000 revolu 
tions per minute, the main nozzle being in 


use. Curves B and b are similar figures 
for the turbine running at 2000 revolu 
tions per minute with its main nozzles 


while curves C and ¢ show the results ob 


tained at 2000 revolutions with the sub 


sidiary nozzles in use 

The results plotted as curves 2 and b 
were obtained by throttling the st.am at 
the nozzle, a fact which explains the 
relatively great loss in efficiency for th 
not excessive reduction in bucket speed 


Where the power is reduced by cutting 
of throttling, 


place by iu 
show a l 


out in 
of this 


nozzles 


turbines type “Onsit 


erably smaller loss of efficiency, and it is 


results thus obtained which should fairly 
‘be compared with the curves C « Phe 
results represented by the latter curve 


compare, however, remarkably favorably 
with those obtained at the full speed of 
The ste 


Was al 


3000 revolutions per minute. am 


pressure used on the trials 242 


pounds absolute, and at 30 degrees super- 
the of 


mercury. 


heat, vacuum being 27 inch 


Enginecring. 
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Back Pressures in a Factory Heating Plant 


Increasing the Back Pressure Is Found to Add Little to the Heat- 
ing Capacity of a Plant, while It Seriously Reduces Its Efficiency 
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OBJECT OF THE DISCUSSION 


Whenever a factory plant is operated 
by a steam engine, and the exhaust steam 
is used for heating the buildings in cold 
weather and the various other purposes 
for which its heat is available, if any lack 
of capacity develops, the general tendency 
is at once to increase the back pressure 
as a means of securing better results. It 
will be the object of this paper, and the 
diagrams which accompany it, to show 
that the gain in heating capacity is very 
small and, under certain conditions, very 
expensive. 


CHARACTER OF PLANT AND OPERATING 
CoNnDITIONS 


The plant in view is a wood-working 
establishment making interior finish and 
doing a general mill business. There are 
three floors and a basement. The boiler 
and engine rooms are within the main 
building. A row of dry kilns is located 
across a narrow alley from the boiler 
room. The plant employs from fifty to 
seventy-five men. The power load runs 
from 75 to 150 horse-power, and the heat- 
ing load in severe weather will approach 
the latter figure, being most of the time 
somewhat less than the requirements for 
power. The dry kilns require steam all 
the year round, and are equipped with 
sufficient radiation to use exhaust steam 
at slightly above atmospheric pressure, the 
circulation being secured and the air and 
water removed by a vacuum pump. Pro- 
vision has been made for the admission 
of live steam when the engine is not 
running. 


Power- AND HEATING-PLANT EQUIPMENT 


The power plant consists of one 150- 
horse-power Atlas water-tube boiler, one 
13x24-inch Buckeye engine running at 160 
revolutions per minute, one 150-horse- 
power Cochrane feed-water heater and 
receiver, and the necessary pumps, valves 
and connections. A storage tank for the 
returns is located 5 or 6 feet above the 
heater inlet, and the water of condensa- 
tion from the heating system and dry kilns 
is delivered to this tank by the vacuum 
pump, and flows to the heater under con- 
trol of an automatic valve. The tank, 
which is equipped with the necessary vent 
and overflow pipes, is intended to act as a 
storage reservoir for water and, by reason 
of its slight elevation above the heater, to 
prevent the carrying of more than 1% to 
2 pounds of back pressure in the heating 
system. The factory has recentl? been en- 
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larged, and to avoid the necessity of put- 
ting in more radiation it has been sug- 
gested that more back pressure be carried 
on the system. The plant was ordinarily 
intended to be operated with from % to 
1% pounds back pressure. It is pro- 
posed to increase this to 5 or 6 pounds. 
It may be possible to calculate, approxi- 
mately, the results that will be obtained. 


QUANTITY OF HEAT AVAILABLE 


To give a better idea of the relative 
quantities of heat in a pound of steam at 
the assumed pressures than can be ob- 
tained from an inspection of the steam 
tables, a temperature-entropy diagram has 
been prepared. Referring to Fig. 1, a 
pound of ice is assumed at a temperature 
of absolute zero, or 493 degrees below 
freezing. As heat is added, the tem- 
perature rises until it reaches 32 degrees 
Fahrenheit. The quantity of heat that has 
been given to the ice is represented by the 
shaded area 0B b. When the tempera- 
ture has reached 32 degrees, if more heat 
is added fusion begins, and the tempera- 
ture will rise no higher until all of the ice 
is melted, and there is instead one pound 
of water at 32 degrees. The latent heat 
of fusion is represented by the area DB 
Cc, and is, in round numbers, 143 B.t.u. 
We have now one pound of water at 32 
degrees, and, since investigations concern- 
ing the properties of steam usually begin 
at that point, conditions below 32 degrees 
will not be again referred to. It may be 
well to make a little further explanation 
of the diagram before considering the 
higher temperatures. 

The pressure-volume diagram, of which 
the ordinary indicator diagram is a fa- 
miliar example, is well understood by the 
average steam engineer. In it the ordi- 
nates represent pressure and the abscisse 
represent volume. The temperature-en- 
tropy diagram, while of equal value and 
importance, has not been as widely used, 
and is therefore not as well understood. 
In it, the ordinates represent temperature 
and the abscisse entropy. Their product, 
area, gives B.t.u. Temperature, as used 
here, means the sensible heat as indicated 
by a thermometer; entropy is that charac- 
teristic which increases when heat is 
added, decreases when heat is taken away, 
and remains constant when heat is neither 
added nor subtracted. It is independent 
of temperature. : 

For a scale of temperatures one-half inch 
has been taken to represent 100 degrees 
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Fahrenheit. The entropy was plotted from 
the tables of Professor Reeve to a scale 
of 2% inches equal one rank. One-half 
inch square therefore represents 20 B.t.u.. 
and one of the small squares 5 B.t.u. Start- 
ing at c and plotting temperature ver- 
tically and entropy to the right, as heat is 
added to the water we get a series of 
points, which, when joined, give us the 
curved line CDEFG. This is the entropy 
curve of water. It is variously named 
the “aquene” or “isomorphic” curve, be- 
cause it represents changes of botlr tem- 
perature and entropy, without physical 
process. If from any point on this curve, 
as E, a perpendicular be dropped to cm, 
the temperature will be indicated by the 
line e E, its entropy by ce, and the num- 
ber of British thermal units it contains 
above 32 degrees by the area cC Ee. If 
at the point E the pressure is allowed 
to increase no farther by permitting the 
steam to escape as fast as generated, there 
will be no rise in ‘temperature as more 
heat is applied, but the entropy will in- 
crease along the line EL, and will reach 
the latter point when the water has all 
been evaporated. At any point on EL 
between E and L there is a mixture of 
steam and water in proportions relative 
to the location of the point. At L the 
steam is dry, its temperature is repre- 
sented by e E or /L, its entropy of vapori- 
zation by el, and the number of B.t.u. re- 
quired to evaporate it at constant tempera- 
ture and pressure by the area e ELI. 
Plotting the saturation points at different 
pressures and joining we get the satura- 
tion curve, HKLM. This is not a pro- 
cess curve. If dry steam with a tempera- 
ture and pressure H be allowed to ex- 
pand adiabatically (without gain or loss 
of heat), its temperature falls along the 
line Hh; its entropy is constant, but at 
any point below H it is no longer dry. 
The entropy curve for adiabatic expansion 
is therefore a straight vertical line from 
any point on the saturation curve, as H, 
at which expansion begins, to any point, /, 
at which it ends. Condensation always 
accompanies adiabatic expansion of dry 
steam, and the dryness fraction of the 
steam at the end of expansion is shown 
by the ratio of FJ to FK. 

It can be shown that the curves CDEFG 
and HKLM, if continued upward, will 
meet and intersect in a point which is the 
critical temperature or temperature of 
“dissociation.” This point would be reached 
at about 1350 degrees. 
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The temperature-entropy diagram is ap- 
plied to the various heat-engine cycles and 
refrigeration processes, but for the pur- 
poses ‘of this paper it will not be neces- 
sary to consider it with reference to those 
applications. 

In our comparison it was decided to use 
back pressures approximately 14 and 5 
pounds above atmosphere. For convenient 
reference to the tables, pressures of 1.3 
and 5.3 pounds, the temperatures of which 
are 216.3 and 227.9 degrees, respectively, 
will be taken. Let E represent the former 
temperature and cl the entropy of a 
pound of steam at 1.3 pounds pressure. 
Then area cE L/ will represent the heat 
which will be given up or liberated if the 
steam at constant pressure 
If it is allowed to ex- 
pand down to a lower pressure and tem- 
perature, say to the point D, which is at 
170 degrees, and is condensed at that tem- 
perature, the heat liberated is increased 
by the area eE Dd. It has been decided, 
however, to raise the back pressure to 5.3 
pounds. The temperature at that pres- 
227.9 degrees, and it is indicated 
point F on the diagram. The 
of the steam under these condi- 
tions is represented by ck, and if allowed 
to expand down to and be condensed at a 
temperature of 170 degrees, as before, the 
heat liberated will be represented by the 
area dDF Kk. The available area has 
accordingly been increased by the area 
EEF KLE, but it has at the same time 
been decreased by the area kK LIk, so 
that the net gain is represented by the 
difference between these areas, which is 
0.05 square and 
corresponds to 3% B.t.u. From the tables 
we learn that it is 3.6 B.tu. It would 
from this that unless there are 
other gains the increase in pressure has 
not accomplished much. 


is. condensed 
and temperature. 


sure 1s 
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WEIGHT PER UNIT oF VOLUME 

The curve, Fig. 2, shows the relative 
weights of one cubic foot of steam at the 
various pressures from vacuum to I0 
pounds gage pressure. From an inspec- 
tion of the curve it is seen that at the 
lower pressure of 1.3 pounds a cubic foot 
weighs about 0.4 of a pound, while at 5.3 
pounds it weighs about 0.5 of a pound. It 
is, therefore, possible to get a little more 
steam, by weight, into the radiators or 
coils at the higher pressure. This, how- 
ever, is of no consequence when consid- 
ered with reference to heat radiation. It 
is only an incident. 
RELATION OF PRESSURE TO TEMPERATURE 

The curve, Fig. 3, is a temperature-pres- 
sure curve, and shows the temperature of 
saturated steam at all pressures from zero 
to 50 pounds, absolute. It will be noted 
that at the pressures under consideration 
the curve is inclining rapidly to the hori- 
zontal. The temperature increment per 
unit of pressure is small. Increasing the 
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pressure a few pounds does not therefore 
give much increase in temperature. 


RELATIVE RADIATING CAPACITY PER SQUARE 
Foot oF SURFACE 

Fig. 4 is a diagram intended to show 
graphically the radiating capacities under 
the different conditions. Temperatures 
have been plotted vertically and to a scale 
of one inch equals 200 degrees, as before. 
The horizontal scale is such that, on the 
basis of 3 B.t.u. radiated per square foot 
of surface, and per degree difference of 
temperature per hour, one square inch will 
equal 60.12 B.t.u. Horizontal lines have 
drawn at the assumed room tem- 
perature and at the steam temperatures 
being compared. 


been 


If the steam supply is 
sufficient and the mains are large enough 
to maintain the pressure in all parts of the 
system, the radiating capacity at the lower 
steam pressure per square foot of surface 
per hour will be represented by the area 
DBbd. At the higher pressure the capa- 
city will be represented by the area DA 
ad. The area BAab represents the gain 
due to the increase in temperature, which 
is an incident of the higher pressure. The 
capacity in the first case is 438.9 B.t.u. per 
hour, in the second 473.7; and the differ- 
ence is 34.8. The percentage increase 1s 


34.8 _ = 7.9 per cent. 
438.9 
If, however, the pressure is not main 
tained throughout the entire system and 
the steam is allowed to expand so that in 
a part of the system it is condensed at a 
lower temperature, as at the point c, 170 
degrees, then the upper capacity lines of 
the diagram will converge toward c and 
the increase will be represented by area 
BAcB, which is only half that given 
above, or, say, 4 per cent. This is the 
most probable condition both in theory 
and in fact. The degree of increase will 
depend on the extent to which the higher 
pressure is maintained above the conden- 
station point. It will be noted, also, 
that if the room temperature be less than 
70 degrees, the per cent. gained is re- 
duced in proportion to. the increase of the 
lower area. From the above it appears 
that the gain in heating capacity is pro- 
portional to the increase in temperature, 
and in this case it amounts to about 5 per 
cent. The increase in pressure is about 
25 per cent., both being measured 
zero. 


from 


Tue EFFECT ON THE ENGINE 

Fig. 5 is an indicator diagram taken 
from the Buckeye engine mentioned. The 
full lines were traced from a diagram 
taken under normal running conditions. It 
shows a back pressure of about 2% 
pounds in the cylinder when carrying from 
'4 pound to I pound on the heating sys- 
tem. The dotted lines were plotted in 
from the probable conditions that will 
exist when the higher pressure is carried, 
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and with the engine doing the same indi- 
cated horse-power. The diagram is fair 
to the latter condition, and shows a re- 
duction in ultimate capacity of from 12 
to 15 per cent. If all of the steam ex- 
hausted is used in heating and the engine 
is still able to do the work satisfactorily, 
there is no loss at the coal pile due to 
these conditions. 
the 


3ut, if any steam passes 
valve, the 
doing unnecessary work as a compressor, 


back-pressure engine is 


and such work is a total loss. 
est objection to a 


The great- 
high pressure 
lies in the fact that the engine, being re- 
quired to work part of the time under 
those conditions and part of the time with 


back 


a free exhaust, cannot be adjusted for the 
best running under either condition. It is 
also impracticable to change the valve ad- 
justment at frequent intervals to accom- 
modate the varying back pressure. 

In an engine of the Buckeye type, or a 
Corliss engine, or in fact any engine with 
a small clearance, the compression should 
be adjusted to secure the smoothest run 
ning under normal conditions. If this is 
done with a free exhaust to atmosphere, 
and, when occasion demands, a back pres 
sure of 


from 5 to 6 pounds is applied, 


there is from 25 to 30 per cent. more 
steam (by weight) in the cylinder at ex- 
haust This 


corresponding 


closure. runs the compres 


sion up a amount, and 
often results in unsatisfactory running, 
besides being a loss both in capacity and 
efficiency. If the adjustments are made 
under the back-pressure conditions, its re 
moval frequently leaves the engine with 
an insufficient “cushion,” and it does not 
pass the centers quietly. To use an en 
gine-room 
“pounds.” 


expression, “she labors” or 
The valves of a Corliss engine 
will sometimes give trouble under such 
changes. In plain slide-valve engines, or 
engines of the high-speed, automatic, sin- 
gle-valve type, little difference can be no- 
ticed in their operation under any reason 
able changes of back pressure. This is 
due to the fact that they have a com- 
paratively large clearance, and are not so 
sensitive to the changes that affect com- 
pression. 


Cost oF Back PRESSURE 


In the Buckeye engine mentioned the 
average load is approximately 100 indi 
cated horse-power, and the fuel cost per 
year for producing it is from $1200 to 
$1500, using a fair grade of Illinois coal. 
To develop this 100 horse-power a mean 
effective pressure of about 40 pounds is 
required. One pound mean effective pres 
sure, therefore, costs from $30 to $37.50 
per year on a ten hours per day basis 
Since each pound of back pressure practi 


cally reduces the mean effective pressure 
an equal amount, they may be said to cost 


the same. If 5 pounds back pressure is 


carried one-half of the time its cost pet 
year, based on the lower estimate of $30. 
will be $75. This is a minimum: it would 


most likely be twice as great. But allow 
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ing 5 per cent. for interest, 5 per cent. for 
depreciation and 2 per cent. for repairs, 
the $75 will justify an investment of more 
than $600 for additional radiation, which 
would accomplish several times the in- 
crease in heating capacity secured by the 
increase in pressure and without any of 
its disadvantages. 


CIRCULATION 
To secure a good circulation in the 
system without the necessity for and 


consequent expense of very large mains 
and pipes, a difference of pressure of sev- 
eral pounds between the steam inlet and 
the return pipes is required. If the returns 
are discharged at atmospheric pressure 
and temperature, this difference of pres- 
sure varies directly with the back pres- 
sure carried on the engine, and it be- 
more or expensive, as the 
value of the work done in producing the 
circulation is a greater or less proportion 
of the consequent horse-power load with 
which the engine is burdened in back pres- 
sure. If a vacuum pump is installed, and 
its suction connected to the return pipes 
in such manner that the water and air will 
be delivered to it by gravity, and under a 
vacuum of from 10 to 20 inches, a differ- 
ence of pressure of from 5 to 10 pounds 
will be secured, and the engine still have 
the advantage of a free exhaust. The 
vacuum pump can be regulated according 
to the work required to secure necessary 
circulation and the expense is, therefore, 
proportional to the work done. The 
vater of condensation can be delivered to 
a tank or heater at any reasonable eleva- 
tion for further use, and by being inde- 
pendent of the power requirements, such 
a system is susceptible of better regula- 
tion and control than one in which the 
circulation pressure is secured at the ex- 
pense of the power developing capacity 
of the engine. 


comes less 


CoNCLUSION 


‘rom the foregoing analysis of the sub- 
ject the following conclusions may be 
reached : 

(a) That the heat available for warm- 
ing buildings is not materially greater.in 
the higher pressures possible in an ex- 
haust heating system than in a pressure 
at or just above atmospheric. 

(b) That the radiating capacity per 
unit of surface varies with the tempera- 
ture of the steam contained therein, and 
not with its pressure. 

(c) That circulation is more certain 
and less expensive when obtained by the 
use of a pump than when it is forced, as 
in carrying high back pressures. 

(d) That a system operating under a 
constant and low back pressure will be 
more efficient and satisfactory than one 
using a variable and, at times, high back 
pressure. This is especially true with 
reference to the mechanical working of 
the engin , 


(¢) 


That a 5 per cent. increase in the 





POWER 


radiating surface will accomplish as much 
as a 25 per cent. increase in the back 
pressure, reckoned from absolute zero of 
pressure, and 

(f) That it is therefore advisable, in 
an exhaust-steam heating plant of the 
kind in question, to carry the back pres- 
sure at or just above atmospheric, so that 
air leaks will be avoided as far as pos- 
sible, and to depend on a pump for the 
removal of the water and air and to 
secure a circulation. 

There are many conditions and require- 
ments to be met in different plants, and 
no hard and fast rules can be laid down 
covering every case, but the writer be- 
lieves that by following in a general way 
the suggestions offered, better heating 
effects will be secured at and 
with much more satisfactory mechanical 


less cost 


working. 





Trouble in Paralleling Generators at 
a Railway Plant 


By C. W. CLarK 

The writer was employed as electrical 
engineer for the railway company at the 
time this trouble We had 
two 540-kilowatt, 3-phase, 25-cycle, 400- 
volt generators, each direct-connected to 
a 750-horse-power cross-compound, con- 
densing, Corliss engine, operating at 94 
revolutions per minute. The voltage was 
raised from 400 to 15,000, for transmis- 
sion purposes, by two banks of transform- 
ers, one bank for each generator. There 
converters at the 


originated. 


also two 
power plant. 


were rotary 

When the plant was installed the gen- 
erators were tried to see if they would 
work together, but it was soon found 
that they would not. The engines had 
very small governors, and this was the 
first place the electric company placed the 
blame. The governors were changed in 
a short time and another vain effort was 
made to run in parallel. This time it was 
the dash-pots on the governor causing the 
trouble, so the electrical company said. 
At this the engine company sent for its 
best mechanical engineer to come and 
overhaul the engines and change the dash- 
pots. Then the electric company sent its 
man, and our consulting engineer was 
also there. The engines worked finely 
and the test was started. When the ma- 
chines were first put together it seemed 
as though everything was going to be 
O. K., but as soon as the load dropped off 
the meters began “hunting” first one side 
of the dial and then the other, until they 
had to be pulled apart. All manner of 
schemes were tried on the governors, 
dash-pots and valves, but none proved to 
help matters any. It was the same as be- 
fore—the blame laid on the _ engines. 
While all this was happening one year 
had elapsed and we had needed both ma- 
chines several times. 
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The next thing the engine company did 
was to change the gears on the governors 
from cast to cut gears; this made very 
little difference. Another meeting of the 
engineers was held. The electric com- 
pany had company that it 
was having a machine built to test the 


notified our 
of the engines, and its 
man would bring it with him, but when 
he arrived he failed to have the machine. 


angular velocity 


They had sent one of their experts from 
the factory this time. The first thing he 
did was to look over the wiring. He pro- 


nounced everything O. K. on their ma- 


The machines were tried as be- 
The 


chinery. 
fore and the same trouble existed. 
dash-pots were removed and a slugging 
arrangement of check-valves and piping 
placed on them; this took three or four 
days, and after they were placed on the 
At 


for 


engines, they ran worse than before. 
left 
could do 


this they quit experimenting and 
The only thing 
was to wait until the trouble 


In a 


the factory. we 
was located. 
short engi 
The 


writer had been giving the trouble con- 


time our consulting 
neers called for a test to be made. 
siderable thought and had worked out a 
the machines 
The 
paralleled as _ usual, 
but could not be held together for any 
length of time. 


plan by which he believed 


could be run_ together. machines 


were started and 


Then the scheme that the 


writer had figured out was tried. He 
had traced the cause of the trouble to 
the transformers. ‘The machines were 


installed so as to be paralleled on the 
high-tension side of the transformers, and 
there three knife 
basement so 


had been switches in- 
the that either 
bank of transformers could be used with 
either generator, 


stalled in 


or both banks could be 
used with one generator; also, either 
could be used with 
either generator, or both rotary conver- 
ters could be used on one generator. The 
writer had noticed that when the rotary 
converters were both running, the gen- 
erators would work better when paral- 
leled, for they would equalize through 


the rotary converters. 


rotary converter 


The machines were started and thrown 
in parallel on the high-tension side as 
usual; then the knife. switches on thx 
low-tension side were closed. At the in 
stant these switches closed the 
meters began to quiet down and one could 
not notice any cross currents at all on the 
meters. The knife switches could be 
opened and at once the meters would 
commence to sway back and forth; then 
when the knife switches were closed again 
the meters would settle down. The engine 
governors tried every way when 
they were connected together on the low 


were 


were 


tension side, but no cross currents could 
be started at all. The steam pressure was 
varied, the receiver pressure changed 
and one governor slugged, leaving the 
other wide open, but it seemed as though 
they could not be pulled apart as long as 
the knife switches were closed. 
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A statement of this test was sent to the 
electrical company and one to our con- 
sulting engineers. In a short time we 
got a reply from the electrical company 
saying that the reason the cross currents 
did not show up when they were paral- 
leled on the low-tension side was that the 
switchboard and meters had been shunted 
by the knife switches, and the cross cur- 
rents still existed, but would not show on 
the meters. That would have been the 
case if the station had been installed ac- 
cording to the blueprint, but the erecting 
engineer had made a few changes in 
locating the series and shunt transform- 
ers for the meters. The writer had traced 
the wires too many times to not know 
where each one went. 

We corresponded with the electrical 
company for three or four months before 
we could get them to send a man to look 
the plant over and see the machines work 
in parallel. In the meantime we had run 
the two machines in parallel several times 
and the mechanical engineer of the en- 
gine company had seen how well they 
worked together; and they took up the 
matter with the electrical company. 
Finally they sent an expert from the fac- 
tory and he was a first-class man. The 
first thing he did was to draw the wiring 
plan on me, but it did not take long to 
show him that the switchboard and meters 
had not been shunted. Then he went 
after the engine governors, as all the rest 
had done. The machines were started and 
thrown in parallel as usual on the high- 
tension side, and it only took a few min- 
utes for him to see that they would not 
operate the way it had been intended. 
The cross currents were so bad that the 
meters would keep continually crossing 
the dial. Then the knife switches were 
closed and the meters settled down in a 
very short time. 

It took four days to convince this man 
that the trouble was caused from paral- 
leling the machines on the high-tension 
side. He then agreed that his company 
would furnish the necessary material and 
install it so the machines could be thrown 
in parallel on the low-tension side, using 
an oil switch in place of the knife 
switches, and it was located on the switch- 
board. This fixed up things in good shape 
and settled the long-looked-for case of 
trouble, which by this time had lasted 
three years. 

Here was one of the many cases where 
the engines were not at fault and where 
the engine company had spent several 
hundred dollars in trying to right the 
electrical company’s errors. The writer 
had taken this case of trouble up with 
several of the best engineers in the coun- 
try, but all of them said it was in the 
engines. It shows that we are all apt to 
be mistaken once in a while. I would 
prefer paralleling machines on the low- 
tension side whenever it is possible to 
do so. 





POWER 





Engine Repairs; Installing a Steam 
Main; Blow-off Pipes 


By J. B. HarLanpD 








One plant pipes steam to its engines 
about 200 feet from its boilers. Six- 
inch pipes were insulated imperfectly 
and the comments thereon were numerous 
and diversified. No scientific effort was 
made to ascertain the exact amount of 
loss by condensation and radiation. Some 
estimated 40 per cent. and some 5 per 
cent., while many intermediate estimates 
were ventured. But results were more 
stubborn and easily estimated in the re- 
pair bills and time lost. The big engine, 
so called, was running with the governor 


out of order and not in use at the time, it. 


being twilight, and the engineer was busy 
starting the little engine to help as the 
load increased with the darkness. The 
engineer at the boiler house cut in a 
boiler that had been idle that day, and the 
water rushed over to the big engine, 
flooded it, broke out the partition under 
the slide valve, between the exhaust 
and the cylinder, and made an opening 
through, from one end of the cylinder to 
the exhaust, of 36 square inches, while 
the other end of the cylinder was O. K. 
The action of the engine was interesting 
but not easy to describe. The piece broken 
out was never found, but was supposed 
to be somewhere in the long exhaust pipe 
which went back nearly to the boilers. 

The cylinder was sent to a machine 
shop, where a piece of iron was fitted 
into the opening and fastened with 
dowels, screws and cross-braces on the 
exhaust side, to help stand the pressure 
from the cylinder side, where it becomes 
exposed to the high pressure. All the 
cavities along the seam were filled with a 
cement known only to the machine-shop 
men. Then, after being properly dressed 
so that the slide valve worked well on it, 
it was brought home and put to work. It 
did quite well for a while, but began to 
work badly before the next morning and 
became unmanageable. It was found that 
the cement which filled the cavities in the 
joint had gone somewhere, perhaps with 
the exhaust steam. The engineer pre- 
pared and tried to run melted lead into 
the seam to fill the cavities, but this failed. 
Next a suitable tool was prepared and 
lead was calked smoothly into the seam 
from both sides. The engine has been 
running successfully for more than a 
year. 

The little engine in the same power 
house was wrecked by water on the day 
run one Sunday, when there was but 
one engineer on duty. He was at the 
boiler house when the engine began 
“pulling water.” In consequence the 
engine was wrecked about the time the 
engineer entered the power-house. The 


follower plate was broken to fragments, 
the piston-rod was bent into a J, and the 
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engine shaft was bent, between the disk 


and the nearest journal. Of course, all 
the broken parts had to be renewed and 
the shaft had to be cut off 5 inches and 
drawn through, which made it necessary 
to place the eccentric on the shaft 5 
inches from where it was before. The 
old engineer was absent because of sick- 
ness. The eccentric was placed wrong 
on the shaft and the valves were set so 
that steam was admitted near the quar- 
ter. The engine ran, but the way it 
pulled down steam was “fierce and cruel.” 
The expense for repairs and transporta- 
tion, added to the loss of time and waste 
of steam, made a problem hard to solve, 
but it may be summed up in the word 
“enormous.” 


INSTALLING A STEAM MAIN UNDER 
DIFFICULTIES 


The boilers in another plant were too 
far from the engines, and it was decided 
to remedy this by erecting one new boiler 
close to the power house and then re- 
locate the others. The new boiler was 
set much higher than the old, so the 8- 
inch main had to be turned over and 
downward to line up with the 4%4-inch 
pipe line already in the power house. The 
lengths were carefully estimated and 
marked, and the necessary amount of 8- 
inch pipe was cut in St. Louis and shipped 
ready to install. It was soon in place, 
with the center of the 8-inch pipe op- 
posite the center of the 4%4-inch pipe. The 
4¥%-inch T was removed from the end of 
the old line and an 8-inch T put in. A 
short nipple was screwed into the T, then 
an elbow, and the horizontal 414-inch pipe 
reached to a point exactly over the throt- 
tle valve, as before the change. 

The vertical pipe was found to be too 
short to reach down to the throttle-valve 
flange, because the 8-inch T was higher 
than the old onc. The superintendent 
had the hangers slacked and lowered the 
piping, which brought the 8-inch line out 


‘ of plumb, so it could not be coupled at 


the throttle-valve flange. When he found 
that he could not lower it enough he took 
the measure and had a new pipe cut for 
the upright reach at the throttle, without 
raising the hangers and leveling the pipes. 
Then, of course, the pipes that were level 
now slanted, and those that were straight 
up are like the “nigger’s gate-post,” so 
straight that they lean a little. It would 
have been better not to have lowered the 
pipe, or else to put it back in its normal 
position before taking the measure for 
the new pipe. The steam passes through 
these pipes and gets there all the same, 
but it looks bad and is not correct. 


Size oF BLow-orF Pires 
The size of a blow-off pipe has caused 
a diversity of opinion. It is well known 
that a small pipe will choke or stop up 
more easily than a large one, and it is 
also known to some that if blow-off pipes 
are too large it brings on a disagreeable, 
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and some believe dangerous commotion 


when the valve is opened fully. I have 
had uncomfortable experiences with 2- 
inch blow-off pipes becoming choked 
with scale, because it is so hard to clear 
the pipe when steam is on, or even when 
the water is hot. 





Guide-bearings, Oil Distribution and 
Carbon Packing in Curtis 
Turbines 





By F. L. JoHNsoN 





It is no simple matter to secure a per- 
fect running balance in a machine as 
large as a 1500-kilowatt turbine running 
at goo revolutions per minute, but con- 
siderable cushioning effect can be secured 
by correctly designed bearings liberally 
supplied with oil. Good action in all 
bearings depends upon a free supply and 
distribution of oil over the entire bear- 
ing surfaces. A proper distribution of the 
oil forms a film which produces a cush- 
ioning effect and prevents enlargement of 
the shell through vibrations or excessive 
wear. With the absence of oil a chat- 
tering or rattling is sure to occur, which 
will rapidly enlarge the shell and render 
the bearing useless as a guide. When 
new, the clearance between the shaft and 
bearing is about 4/1000 of an inch, and if 
properly lubricated this clearance will not 
increase perceptibly for a long time. 


GUIDE-BEARINGS 


The highest grade of engineering skill 
has been employed in the design of 
guide-gearings, and the accompanying 
illustration shows one of the latest upper 
guide-bearings, which requires especial 
explanation. The sleeve B is intended to 
fit the shaft A loosely, so that at all times 
and under all possible temperature varia- 
tions of shafts or bearings it will be free 
to move up and down in case the adjust- 
ment of the step-bearing, or expansion or 
contraction of the shaft, makes such 
movements necessary. The surrounding 
babbitted bearing-sleeve C is fitted with 
lips, or follower rings, D and E, which 
overlap the top and bottom edges of the 
sleeve B. The purpose of these lips, or 
flanges, is to confine the oil to the bear- 
ing surface. When the shaft is revolved, 
centrifugal force prevents the oil flowing 
freely out of bearing past the lips E at 
the bottom, and a flow past E will not 
ccur until the bearing has become so full 
‘f oil that a counterbalancing centrifugal 
effect is produced between the sleeve and 
upper flange D. Thus when conditions 
are as intended and machine is running, 
‘entrifugal force at E prevents the oil 
space from emptying itself when the oil 
delivery is stopped, and yet when the oil 
delivery is continuous the bearing fills up 
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to D and the centrifugal force at D bal- 
ances that at E, so that the excess of oil 
runs out through the grooves and holes 
provided for it in the flange E. 

If the sleeve B is too tight a fit on the 
shaft, or if by rust or any other cause it 
is bound to the shaft so that it cannot 
move freely up and down, movements of 
the step-bearing or expansions of the 
shaft may cause the sleeve to bear hard 
against the flanges D and E, and by so 
doing to wear them away. If these flanges 
become worn so as to give too much 
clearance, the centrifugal effect above de- 
scribed will fail, and the distribution of 
oil flow may become inefficient, even 
where considerable oil is used. We have 
no reason to suppose that any serious 
trouble will result, even if the clearance 
between the shaft A and the sleeve B is 
considerable. Consequently, it should 
always be made large enough to assure 
freedom of movement. Persons using 


these bearings should carefully examine 
their action to make sure that it is in ac- 
If it is, 


cordance with this explanation. 



































LATEST TYPE OF UPPER GUIDE BEARING 


the bearings will run well with a small 
supply of oil, and if it is not they are 
almost certain to give trouble, even 
through heat or by failing to supply the 
oil cushion which tends to deaden vibra- 
tion. 

In some of the earlier bearings of this 
type it is found that the clearance between 
the sleeves and shafts is insufficient, and 
all bearings of this kind should therefore 
be carefully watched. The bearing speed 
in some of our recent turbines is high, 
and there will be considerable production 
of heat, even where there is no binding or 
heavy pressure. The temperature pro- 
duced will be within the limits of perfectly 
good practice, as the heat generated is 
carried away by radiation and by the cir- 
culation of oil. If in any case the heat- 
ing in bearings is objectionably high, it 
can be probably satifactorily reduced by 
providing a larger oil circulation. 


Oi THROWING 


An annoying feature of turbine opera- 
tion is the throwing of oil from the bear- 
ings. Too much clearance in the bearings 





accompanied by a slight vibration will 
throw a fine mist of oil from between the 
shaft and its bearing, which will be caught 
by the rapidly moving current of air pro- 
duced by the high speed of the shaft and 
thrown over the machine. This is an eye- 
sore and also injurious to the generator 
insulation. Vigilance is the 
safety here and any indication of oil 
throwing should be noted and the cause 
removed. 


price of 


Relief from the effect can sometimes be 
secured by the use of closely fitting felt 
washers, which hug the shaft, catching 
the oil spray and breaking the centrifugal 
effect of the air current. When steam 
blows from the packing case against the 
middle guide-bearing a ring is sometimes 
put around the shaft, deflecting the steam 
from the oil catcher under the bearing. 
These reliefs, if attempted, should not be 
regarded as permanent, for they do not 
remove the cause; they simply nullify the 
effect for the time being and should be 
resorted to until permanent changes can 
be made that will remedy the evil. 


CARBON PACKING 
Carbon packing will wear to such ex- 
tent in that it must be refitted to 
the When this time arrives the 
packing case should be removed and the 
packing taken out. 


time 
shaft. 


If any of the sections 
are broken an entire new ring should be 


used to replace the broken one. When 
a new ring is used it should first be 
scraped or sandpapered on the _ inside 


edge, until it is a perfect fit on the shaft, 
in the exact place it is to run. The fit- 
ting of the packing should proceed with 
all the care and exactness that would be 
used in scraping a crank-pin box, mark 
ing and trying until the fit is perfect. The 
ring should then be placed around the 
shaft and the opening at the end of the 
If this is less than 1/16 
of an inch, the ends should be filed until 
the total openings of the three points 
amount to about 4% of an inch. If none 
of the rings is broken it will probably be 
found that the sections have become arch- 
bound and simply need filing at the ends 
to make them as good as ever. If care- 
fully fitted to the shaft in the place where 
it is to run, the carbon packing will, after 
a few revolutions, take on a graphite-like 
surface which under the light pressure to 
which it is subjected is almost friction- 
less. If the packing bears on the shaft 
only in spots the surface will be torn and 
the loosened particles of carbon will have 
a grinding effect on the shaft and pack- 
ing, and it will be difficult, if not impos- 
sible, to make it work satisfactorily. 
With the machine running free from no- 
ticeable vibration, however, it is not diffi- 
cult to make the packing tight. If the 
shaft vibrates, no amount of care and 
work will keep the packing tight. No 
packing can follow the rapid jumps from 
side to side which obtain when severe 
vibration is going on. 


sections noted. 
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The High-pressure Hydraulic Elevator 


Necessary Modifications in Valves Made to Be Operated by Magnets; 
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Construction and Operation of Accumulators for High-pressure Work 





BY WILLIAM 


The modifications made in the valve 
when arranged to be operated by magnets 
are shown in Figs. 214 and 215, the one 
being a sectional elevation through the 
main and the pilot valves, and the other 
an external view taken at right angles to 
the former. In Fig. 214 it will be noticed 
that the main valve and the motor cylin- 
der and piston are the same as in Fig. 
211, but there is some modification in the 
pilot valve. This consists in substituting 
a solid valve for the valve with cup pack- 
ings, and this change is made in order to 
reduce the frictional resistance and make 
it possible to operate the valve with mag- 
nets of reasonable size. The solid pilot 
valve is made a perfect fit by grinding 
and with ordinary care will remain tight 
for a long time, especially if the pressure 
of the water used to operate the motor 
piston is low, and this can be made as low 
as desired by simply increasing the diam- 
eter of the motor piston. For the pur- 
pose of making the pilot valve move as 
easily as possible and with the same effort 
whether lifted or depressed, the lever L” 
is extended to the right, as shown, and 
carries at its outer end a weight that is 
carefully adjusted to balance the com- 
bined weight of the pilot valve, the lever 
L and the connecting-rods L’ and M. The 
shaft P is provided with a coupling N that 
connects it mechanically with the rock- 
shaft of the magnets which operate tl:e 
valve; but the connection is made through 
insulating material, as is indicated by the 
heavy black lines in Fig. 215, so as to pre- 
vent any electrical connection between the 
two parts. 

The magnets are of the same type as 
those deseribed in connection with ver 
tical low-pressure elevators and act in the 
same manner. For a full description of 
their construction and operation the arti 
cles on such elevators may be consulted. 
While magnet control operated by a small 
electric switch in the car is very desirable 
so far as compactness and simplicity of 
apparatus are concerned, it has the objec- 
tion that with it the operator cannot vary 
the car speed in the same way as with the 
car lever and standing-rope rig, and for 
that reason the lever, although more cum- 
bersome, is still used in nearly all 
cases. : 

For high-pressure elevators accumula- 
tors are always used in place of pressure 
tanks. The latter are practically out of 
the question for such service, because 
no matter how perfect all the parts may 








be, the air in the pressure tank is sure to 
escape, so that from time to time it has 
to be With low-pressure sys- 
tems this is easily done by drawing in 
air with the water, the pumps being made 


renewed. 
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vide a regular air pump to force air into 
the tank whenever 
objectionable on account of the high pres- 
sure. To pump the air successfully would 
require two-stage compression to the re- 


necessary would be 
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so as to draw in air whenever required, 
that is, the same pump can be used to 
pump the air as well as the water. With 
the this arrange- 
ment would not be desirable, and to pro- 


high-pressure system 
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quired pressure. Even after doing this, 
the tank system would not be equal to the 
accumulator because with it the pressure 
cannot be kept constant, whereas with 


the accumulator it cannot vary, because 
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it does not depend upon the amount of 
water within the accumulator, but upon 
the weight of the accumulator plunger. 

In large elevator installations, where 
there are many elevators and a number 
of pumps to supply the water, there may 
be one accumulator for several elevators, 
and these may be connected all in one 
system so that water can be drawn from 
any one of the accumulators to operate 
any one of the elevators, or the plant may 
be divided into a number of independent 
sections. If there is only one elevator, 
there will be one accumulator, and its 
capacity will be very much larger in pro- 
portion to the elevator than where there 
are several elevators. operating from one 
accumulator. Thus if there are two ele- 
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FIG. 215 


vators, the accumulator will not be much 
larger than for and three 
cars it will not be much larger than for 
two. The accumulator in a plant where 
elevators are in service is 
only of sufficient capacity to supply water 
during any ‘short interval when the pumps 
are over-taxed, and this is not often. 


one car, for 


the constant 


CONSTRUCTION OF THE ACCUMULATOR 

The construction of an elevator accu- 
mulator made by the Otis Elevator Com- 
pany is shown by Fig. 216, a sectional 
elevation and a plan view being shown. 
This is one of many designs used, but is 
the most common, because it is so con- 
structed as to require the least amount 
of head room, and in practically every 
installation head room is limited. The 
accumulator cylinder is shown at C. At 
the upper end of the plunger P is mounted 
a crosshead B from which are suspended 
four strong rods A. These rods pass 
through a number of weights W and a 


lower retaining flange D. The number 
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of weights depends upon the pressure re- 
quired, and is made. such that the com- 
bined weight of the plunger, the cross- 
head, the rods A, the flange D and the 
weights W produce the required pressure 
upon the end of the plunger. The weights 
have an opening through the center that is 
large enough to pass the weights over the 
cylinder and any projecting parts con- 
nected with it. In this way the hight is 
much less than it would be if the weights 
were placed directly on top of the plunger. 
When nearly all the water is drawn out 
of the accumulator, the plunger descends 
to the position shown in the drawing and 
the lower part of the flange D 
the buffer block of hard 
the top of the base casting F. 


strikes 
wood in 
When the 
plunger is raised to its highest position it 


upon 


is prevented from being forced entirely 
out of the cylinder by the enlarged head, 
which is securely held in 
bolts. This head against a 
shoulder at the top of the cylinder and 


position by 
brings up 


prevents the plunger from rising any far 
ther. The plunger is held in line with 
the cylinder by means of the guides £, 
as shown in the plan view. It is not de 
sirable to allow the plunger to come down 
and strike the lower buffer, or to run up 
until it hits the upper stop; hence, means 
are provided to stop the plunger auto 
matically before it runs either too far up 


or too far down. 


This is accomplished 
by stopping the pump when the plunger 
has reached the upper limit, and if there 
are several pumps and accumulators, by 
in addition closing the entrance so that no 
more water can be pumped in, although 
the water in the accumulator will be free 
to run out. If the water is drawn out 
so as to make the plunger descend to the 


lower safe limit, the opening into the 
accumulator is closed so that no more 


water can run out, but the closing does 


not prevent more water from passing 
into the cylinder. 
The way in which all this is accom 


plished is shown in Figs. 217 and 218. 
These drawings show two elevations of 
an accumulator, at right angles to each 
other, equipped with an automatic  stop- 
valve, and additional means for stopping 
the pump. The accumulator is shown at 
about the mid position. Should it rise, a 
plate secured to the lower weight sup 
porting the flange D directly under the 
weight K will lift the latter. The rope 
i. runs to the starting lever of the pump 
and when the weight K is hanging in the 
air, it holds up the lever and thereby 
keeps the pump running, but as soon as 
it is lifted by the plate on the accumu 
lator, a counterweight or spring pulls the 
lever in the opposite direction so as to 
stop the pump. The automatic stop-valve 
is located at G and is moved by the 
sprocket chain H, upon which are mounted 
stop balls J and J’. When the accumu- 
lator is full, the stop J is struck by the 
arm J, attached to the weights W, and 
the valve G is rotated so as to prevent 


mn 
N 
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more water being forced into the cylinder. 
When the water is drawn out enough to 
cause the arm 7 to strike the lower stop 
J’, the stop-valve G is moved in the op- 
posite direction until it is closed, pre- 
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FIG. 210 


venting further escape of water from the 
cylinder. 

When the accumulator is in any inter 
mediate position, the weights M and M’ 
act to move the valve G into the central 


position, in which water can pass through 
it freely in 


either direction. These 
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weights draw the valve into the central 
position because they are hung on a chain 
that passes over the sprocket which is 
fixed on the same shaft as the sprocket 
U, over which the valve-moving chain H 


passes. The weights run on guides, as 
shown in Fig. 218, and when one of them 
is raised by the rotation of the sprocket 
U the other one does not go down, be- 
cause it is held by the nuts on the lower 
ends of the guide rods; hence, the lifted 
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Catechism of Electricity 


LIGHTNING ARRESTERS 

667. What is a lightning arrester? 

A device for diverting a lightning dis- 
charge from the line wires to the ground 
without interrupting the service. 

668. Jilustrate and describe a form of 
lightning arrester for use on alternating- 
current circuits. 
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FIG. 217 


weight hangs on the wheel V and acts 
to rotate it back to the central position 
as soon as the weights W have moved 
far enough away to permit it to descend 
to the normal position. 





It is proposed that the word “kelvin” 
be laid before the International Stan- 
dardization Commission as the kilowatt- 
hour unit, thus honoring the memory of 
the late Lord Kelvin and giving a short 
expression for the kilowatt-hour. 
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FIG. 218 


The Wurts non-arcing lightning 
rester shown in Fig. 211 is one of this 
kind. Seven independent cylinders a, b, 
c, d, e, f, g, of non-arcing metal are 
mounted side by side upon a marble base. 
The cylinders are separated from each 
other by air spaces, but their surfaces 
are nurled to facilitate electrical 
charges between them. The leads from 
the line wires are connected “to the end 
cylinders by the binding posts m and n; 


the middle cylinder is connected to ground 


ar- 


dis- 
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by the binding post s. A lightning dis- 
charge on the line will pass across the 
gaps between the cylinders from the line 
terminals to the ground in preference to 
traversing the inductive windings of gen- 
erators or motors connected to the line. 
The non-arcing metal will not sustain 
an arc nor become fused by it. 

669. Js this lightning arrester always 
connected the same way regardless of the 
working potential of the line? 
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FIG. 211. MULTIPLE-GAP LIGHTNING 
RESTER FOR ALTERNATING-CUR- 


RENT CIRCUITS 


AR- 


No; when used on 1000-volt circuits 
the arrester is connected as in Fig. 212 at 
A; on 2000-volt circuits two arresters 
are wired in series across the line as at 
B, the ground connection being made to 
the wire joining the two arresters; on 
3000-volt circuits, three arresters are used, 
as at €. 

670. How may a good contact with 
the earth be obtained? 

Dig a hole about six feet square, di- 
rectly beneath the arrester. Dig down 
until permanently moist rich ground has 
been reached. Where permanent damp- 
ness cannot be reached, it is advisable to 
have water occasionally supplied to the 
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LIGHTNING ARRESTERS OF 
DIFFERENT VOLTAGES 


ground through a pipe from’ some con- 
venient source nearby. Cover the bottom 
of the hole with about two feet of crushed 
coke or charcoal (pea size). Over this 
lay 25 square feet of No. 16 tinned-copper 
plate, and solder the ground wire entirely 
across the surface of this plate. The 
ground wire should preferably be of No. 
Cover the plate with about two 
feet of crushed coke or charcoal, and 
fill in the hole with the ground previously 
dug out, using water to aid it in settling. 


O copper. 
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A Comparison of Gasolene and 
Denatured Alcohol as Engine 
Fuel 


The technologic branch of the United 
States Geological Survey recently com- 
pleted an elaborate series of tests on the 
relative value of gasolene and alcohol as 
producers of power. The tests, over two 
thousand in number, probably represent 
the most complete investigation of the 
kind that has been made either in this 
country or abroad, and include much 
original research work. Prof. R. H. 
Fernald, engineer-in-charge of the gas- 
producer section, was in general charge 
of the tests, and R. M. Strong, formerly 
connected with the engineering depart- 
ment of Columbia University, had per- 


sonal supervision of the work. He was 
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per brake horse-power for both gasolene 
and alcohol. Considering that the heat 
value of a gallon of the denatured alcohol 
is only a little over six-tenths that of a 
gallon of the gasolene, this equality of 
fuel consumption (by volume) for gaso- 
lene and alcohol engines probably repre- 
sents the best comparative value that can 
be obtained for alcohol at the present 
time; it is also confirmed by ‘European 
practice. 

The gasolene engines that were used 
in these tests are representative of the 
standard American _ stationary - engine 
types, rating at 10 to 15 horse-power and 
running at speeds of from 250 to 300 
revolutions per minute, while the alcohol 
engines were of similar construction and 
identical in size with the gasolene engines. 

The air was not pre-heated for the tests, 
and the engines were equipped with the 
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obtained with the highest compression 
that it was found practicable to use; this 
compression for the denatured alcohol 
ranged from 150 to 180 pounds per square 
inch above atmosphere. 

Eighty per cent. alcohol (alcohol and 
water) for use in engines of the present 
types would have to sell for at least 15 
per cent. less per gallon than the dena- 
tured alcohol in order to compete with 
it. The minimum consumption in gallons 
per hour per brake horse-power for 80 
per cent. alcohol is approximately 17.5 
per cent. greater than for the denatured 
alcohol used or for gasolene. A series of 
tests made with alcohol of various per- 
centages ranging from 94 per cent. to 
50 per cent. by volume showed that the 
mimimum gallons per 
hour per brake horse-power increased a 
little more rapidly than the alcohol de- 


consumption in 








INSTALLATION OF GASOLENE AND ALCOHOL ENGINES USED IN GOVERNMENT TESTS ON 


assisted by a corps of specially trained 
men. These tests were conducted at the 
fuel-testing plant of the Geological Sur- 
vey, at Norfolk, Va., and showed the fol- 
lowing general results in regard to the 
comparative fuel consumption of 73 de- 
grees specific-gravity gasolene and com- 
mercial completely denatured alcohol, per 
unit of power. 

Correspondingly well - designed alcohol 
and gasolene engines, when running under 
the most advantageous conditions for each, 
will consume equal volumes of the fuel 
for which they are designed. This state- 
ment is based on the results of many tests 
made under the most favorable practical 
conditions that could be obtained for the 
size and type of engines and fuel used. 
An average of the minimum fuel con- 
sumption values thus obtained gives the 
figure of eight-tenths of a pint per hour 
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ordinary types of constant-level suction- 
lift and constant-level pressure-spray car- 
bureters. Many special tests were made 
with air pre-heated to various tempera 
tures up to 250 degrees Fahrenheit and 
with special carbureters, but no beneficial 
effects traceable to better carburation 
were found when the engines were han- 
dled under the special test conditions, in- 
cluding constant speed and best load. 

The commercial completely denatured 
alcohol consisted of 100 parts ethyl alco 
hol plus 10 parts methyl alcohol plus % of 
one part benzol, and corresponds very 
closely to 94 per cent. by volume or QI 


per cent. by weight of ethyl (grain) 
alcohol. No detrimental effects on the 


cylinder walls and valves of the engines 
were found from the use 
tured alcohol. 

The 


of this dena- 


lowest consumption values were 


GASOLENE AND DENATURED ALCOHOL 


alcohol 


creased in percentage of pure 
That is, the thermal efficiency decreased 
with the decrease in percentage of pure 
This thermal efh 


alcohol. decrease in 


ciency or increase in consumption re 
ferred to pure alcohol is, however, com 
paratively slight from 100 per cent. 
alcohol down to about 80 per cent. alco 
hol. Within these limits it may be neg 
lected in making the calculations neces 
sary to compare the minimum consump 
tion values for tests with different per 
centages of alcohol. 

The nearer the alcohol is to purity, the 
greater the maximum horse-power of the 
The reduction in maximum 
horse-power for 80 per cent. alcohol as 
with that for the denatured 


alcohol used was less than I per cent., but 


engine. 
compared 


the starting and regulating difficulties are 


appreciably increased. 
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With suitable compression, mixtures of 
gasolene and alcohol vapors (using double 
carbureters) gave thermal efficiencies 
ranging between that for gasolene (maxi- 
mum 22.2 per cent.) and that for alco- 
hol (maximum 34.6 per cent.), but in no 
case were they higher than that for alco- 
hol. The thermal efficiencies were calcu- 
lated from the brake horse-power and the 
“low” heat value of the fuel, which for 
the gasolene was 19,100 British thermal 
units per pound and for the denatured 
alcohol was 10,500 British thermal units 
per pound. 

As has been previously stated in print, 
alcohol can be used with more or less 
satisfaction in stationary and marine 
gasolene engines, and these gasolene en- 
gines will use from one and one-half to 
twice as much alcohol as gasolene when 
operating under the same conditions. The 
possibilities, however, of altering the 
ordinary gasolene engine as required to 
obtain the best economies with alcohol 
are very limited, for the amount that the 
compression can be raised without en- 
tirely re-designing the cylinder-head and 
valve arrangement is ordinarily not suffi- 
cient, nor are the gasolene engines usually 
built heavy enough to stand the maximum 
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Report of a Boiler Test at Ala- 
meda, Cal. 


The object of a test recently made at 
the Municipal Electric Company’s plant 
at Alameda, Cal., was to ascertain the 
evaporative power of boiler No. 3, with 
special regard as to the economy of the 
oil burned for ten hours’ continuous run- 
ning, the rate of evaporation to approach, 
as nearly as possible, that of full load. 
which was taken as the evaporation of 
2.65 pounds of water (from and at 212 
degrees Fahrenheit) per square foot of 
water-heating surface per hour. This is 
the same as allowing 13 square feet of 
heating surface per boiler horse-power. 

It is a return-tubular boiler, 72 inches 
in diameter and 16 feet long, containing 
100 3'%4-inch tubes 16 feet long. The 
furnace and connections are such as are 
found under ordinary circumstances, with 
the exception that the grate-bars are re. 
placed with fire-brick, through which air 
is admitted to the burning oil from be- 
low. The area of the furnace is 17 feet 
by 4 feet 10 inches; the bridgewall being 
4 feet 8 inches from the front of the 
furnace. The distance of the furnace 











explosive pressures, which often reach‘ floor from the lowest point of the drum 
Nozzle of 
Burner 
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SECTIONAL VIEW OF BURNER 


600 and 700 pounds per square inch. With 
the increase in weight for an engine of 
given bore and stroke designed to use 
alcohol instead of gasolene, there is an 
increase in maximum horse-power of a 
little over 35 per cent., so that the weight 
per horse-power need not be greater 
than that of the gasolene engine, and 
probably will be less. 

A large number of fundamental tests 
were necessary in order to clearly define 
conditions and interpret results. In a 
way they follow the work conducted by 
the Department of Agriculture, supple- 
menting to a certain extent, but not dupli- 
cating, Bulletin 191, which gives many 
data of general value, obtained by Dr. 
Chas. E. Lucke. 





Hon. William H. Taft, Secretary of 
War, will address a joint open meeting 
of the American Supply and Machinery 
Manufacturers’ Association, the National 
Supply and Machinery Dealers’ Associa- 
tion and the Southern Supply and Ma- 
chinery Dealers’ Association at  Rich- 
mond, Va., May 13 next. 





The steam engine was invented in 1767. 
It was applied to carding and spinning 
machinery in 1783. 


surface varies from 2 feet 2% inches in 
front to 1 foot 5 inches in the back. 

One “Little Giant” burner is used, be- 
ing of the internal-mixing type and in- 
stalled between the two front doors of 
the furnace. The flame is thrown back- 
ward into the combustion chamber, and 
the hot gases return through the tubes 
back to the front of the boiler and then 
up the stack. Air enters the setting 
through the regular ash-pit door. 

The heating surface of the boiler as 
measured was as follows: Tubes, 1464 
square feet; surface of drum exposed to 
fire, hot gases and water (exclusive of 
ends), 143.6 square feet; area of rear 
end, exposed, 14.8 square feet; area of 
front end, exposed, 17.4 square feet; total 
heating surface, 1639.8 square feet. 


CALORIMETER 


The calorimeter used was of the direct 
separating type known as the Carpenter 
separating calorimeter. It was connected 
to the steam pipe through an elbow on the 
vertical take-off from the boiler, and at 
a vertical distance of 4% feet from the 
top of the drum. 

APPARATUS FOR HANDLING AND WEIGHING 
FEED-WATER 
The feed-water 


was taken from the 
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plant’s heater while under pressure and 
weighted in an iron tank upon platform 
scales. The water was then led by gravity 
through a 3-inch pipe from which a du- 
plex feed-pump delivered it to the boiler. 
The drips from the water column and 
blow-off valves were watched during the 
the test for leakage; also other sources 
where leakage might occur. 


APPARATUS FOR HANDLING AND WEIGHING. 
OIL 


The fuel oil was taken from the regular 
oil heater of the plant, hot and under 
pressure. It was led into a tank weighed 
upon platform scales, and then run, by 
gravity, into a second tank, from which it 
was pumped by an independent fuel-oil 
pump to the burner. At each filling of 
the weighing barrel, a small sample of 
the oil was taken and the whole carefully 
preserved for analysis. 


STEAM FOR BURNER 


the 


de- 


The amount of steam used by 
burner for atomizing the oil was 
termined by passing this steam through 
an orifice on either side of which was a 
steam gage. During the test these gages 
were read every twenty minutes, then, 
when the test was completed, steam was 
passed through the orifice under dupli- 
cate conditions as those of the test and 
weighed in a condensing tank. Thus the 
flow per hour was obtained and so the 
weight in per cent. of water evaporated 

All thermometers and gages used in the 
test were calibrated in the laboratories 
of the University of California 
proper corrections made in the final com- 
putations with the exception of the large 
thermometer used in the flue, due to lack 
of proper apparatus for its calibration. 


and 


FLUE-GAS ANALYSIS 

An analysis of the burned gases in the 
flue was made four times during the test. 
The Orsat apparatus was used in these 
tests and analyses made of the quantity 
present of carbon dioxide, carbon mon- 
oxide and oxygen. From these 
values the amount of nitrogen present was 
computed as well as the excess of air. 

The results of the flue-gas analyses 


free 








follow: 
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9 :00 8.2 7.6 1.2 83.0 1.58 
12:00 9.7 7.5 0.3 | 82.5 | 1.54 
1:00 10.2 9.8 | 0.0 80.0 1.85 
4:00 8.8 Pe 0.6 83.4 1.51 
Average 9.5 8.0 0.5 82.2 1.60 


The test was started and stopped with 
the fires out in order to have similai 
furnace conditions at the beginning and 
end. Three minutes before the beginning 
of the test the fires were put out, thé 
pump stopped, the water level in the glass 
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noted, the burners shut off and all doors 
and dampers closed. Then after three 
minutes the water level was again read, 
and recorded as the starting level, the 
pump started and the fires re-lizhted. The 
test then proceeded until three minutes 
before the finish, when the operation was 
repeated. 

Observations of the following ‘were 
taken every twenty minutes: Main steam 
pressure, steam pressure at the burne1 
gages, oil pressure, draft pressure, wate1 
level, temperature of feed-water, tempera 
ture of the flame, temperature of the oil, 
temperature of the air in the boiler room 
Calorimeter determinations were made 
hourly. The flue gas was sampled fou 
times during the test, as stated. 

During the preliminary runs the dis- 
placement of the pump was checked until 
the exact weight per stroke was known, 
so that in the test, by carefully watching 
the speed of the pump, the exact amount 
of water going into the boiler at any 
time was definitely known. By this means 
the rated load of the boiler was 
closely approached. 

The efficiency is taken as the ratio of 
the heat absorbed by the water evapo 
rated into dry steam from and at 212 de- 
grees Fahrenheit, per pound of oil (cor- 
rected for moisture) to the heat value 
of the oil per pound (corrected for mois- 
ture). 

The oil analysis, as determined by Prof 
Edmund O’Neill, of the University of 
California, gave the following: Heat 
value, 10,491 calories or 18,883 B.t.u.; 
water by gasolene test, none; water by 
distillation, trace. 


very 


RESULTS OF THE TEST 

Following are the results of the boiler 
test: 

Duration of test, hours—to. 

Barometer, inches of mercury—29.87 

Main steam pressure, gage—I19.I. 

Main steam pressure, absolute—133.8. 

Temperature of feed-water, 
Fahrenheit—r42. 

Quality of steam—oo.5. 

Factor of evaporation—1.116. 


degrees 


Temperature of oil, degrees Fahren- 
heit—155.5. 

Temperature of flue, degrees Fahren- 
heit—452. 

Temperature of boiler room, degrees 


Fahrenheit—78. 

Pressure of oil—65. 

Draft, inches of water—o.4. 

Water level before putting fires out— 
a 

Water level after putting fires out, 
three minutes—5.25. 

Drop in water level, 3 minutes—o.25. 

Average water level during test, above 
the bottom of glass and above the top 
row of tubes—6.4. 

Total water actually evaporated, ten 
hours—39,046. 
Total water evaporated into dry steam 
38,850.8. 
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Total water evaporated from and at 
212 degrees Fahrenheit—43,357.5. 

Water evaporated per hour from and at 
212 degrees Fahrenheit—4335.75. 

Steam used by burners, pounds per 
hour—96.99; per cent. of steam generated 
—2.49. 

Per cent. of moisture in oil—None. 

Heat value of oil, B.t.u.—18,883. 

Total oil burned, ten hours—3166. 

Oil burned per hour—316.6. 

Water evaporated per square 
heating surface per hour from 
212 degrees Fahrenheit—2.64. 

Horse-power developed—125.6 

Square feet of water-heating 
per horse-power—13. 

Horse-power developed, 
measured rating—1o0. 

Water evaporated per pound of oil 
from and at 212 degrees Fahrenheit, dry 
steam and dry oil—13.6. 

Efficiency of the boiler—6o.5. 


foot of 
and at 


surface 


per cent. of 





Lining and Leveling Stafting 





By Georce H. PERKINS 





When lining and leveling shafting by 
the use of an engineer’s transit and level- 
ing-rod, it is convenient to have a hook 
made that can be attached to the rod so 
as to enable the target to be readily set 
in the line of the shaft, as well as to give 
a convenient difference in level when 
used on different-sized shafts in the same 
line. 

The hook shown in the illustration is 
a design of one I have found to be 
very satisfactory. It can be readily at- 
tached to the end of the leveling-rod by 
two small bolts as shown. In plumbing 
the rod a plumb-bob suspended from the 
pin at the point A is used. The point of 
the bob, when the rod is plumb, hangs 
just over and coincides with a mark made 
on the top of the target. 

The hook is made of %x1-inch 
wrought iron with the angle finished ex- 
actly at 60 degrees. The advantage of 
using this particular angle is that on dif- 
ferent-sized shafts on the same line the 
difference in the level target will be ex- 
actly equal to the difference in diameter 
of the shafts. Thus on a 2 15/16-inch 
shaft and 2 3/16-inch shaft the difference 
of the target will be exactly 
This can be proved as follows: 


in level 
¥% inch. 
D = Diameter of the large shaft; 
d=Diameter of small shaft. 
The sine 30° is equal to %. 
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06 =< = andoc=d; 
OC—ocm= D—d=Cce. 


Therefore, the difference in hight of the 
target is equal to the distance Cc, and 


~O 











METHOD OF LINING AND LEVELING SHAFTING 
also equal to the difference between the 


diameters of the shafts. 





For babbitting, it is suggested that a 
plumber’s melting pot with a gasolene or 
alcohol lamp attached enables one to heat 
the metal right where it is to be poured, 
to heat it slowly and gradually and get it 
real hot without danger of burning. 





The only difference between a rut and 
the grave is the length and breadth. 
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from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





WE PAY FOR USEFUL 


How Should Brushes Be Set? 





On page 218 of the February 11 number, 
William Westerfield “considers it bad 
practice to run the commutator against 
the brushes,” and finishes his article by 
saying that a certain machine had been 
running against the brushes more than 
three years, causing pitting and jumping 
and chattering of the brushes. After 
changing the brushes there was no more 
trouble. 

I believe the statements made by Mr. 
Westerfield to be true concerning that 
particular machine, but I would add that 
with graphite brushes machines are run- 
ning with the commutators against the 
brushes, and are not giving any trouble. 

The material from which the brushes 
are made is worthy of consideration. 

y. EB. 


Allentown, Penn. 


| cannot agree with Mr. Jahnke in his 
letter, on page 378 of the March 10 num- 
ber, wherein he contends that it makes 
no difference which way the brushes are 
set. My experience has been that it some- 
times makes a great deal of difference. 
When the brush-holder is of such design 
as to hold the brush at a tangent to the 
periphery of the commutator, I have 
found the setting shown in Fig. 2 to be 
preferable, for the reason that all chatter- 
ing is thereby prevented, and the com- 
mutator face can be kept in much better 
condition. 

With the setting shown in Fig. 1, that is 
to say, with the commutator running against 
the brush, it is very liable to chatter, un- 
iess the brush-holder is extraordinarily 
rigid, in which case the brush is sure to 
find and exaggerate any soft spots that 
inay exist on the commutator. 

I have in mind a 400-kilowatt generator 
in a power plant under the writer’s super- 
vision at the time, which gave trouble 
from the time it was started. The brushes 
had been set by the manufacturer’s repre- 
sentative so that the commutator would 
run against the brushes. After the machine 
had been running a day or two, severe 
sparking developed, which kept growing 
worse every day, and no amount of shift- 
ing of the brush-rocker, sandpapering of 
the commutator, etc., would overcome it. 
After trying all the expedients I could 
think of, in sheer desperation I reversed 





the brush-holders, so the commutator 
would run under the brushes, as in Fig. 
2, and gave the rocker the opposite lead, 
after which the machine took its full 
load without a sign of a spark, and it has 
given no trouble since. 

At the same plant we had a 30-horse- 
power compound-wound motor, geared 
directly to a deep-well pump. This motor 
sparked badly, and no amount of coaxing 
would relieve it. The brush-holders were 
of a different type to those on the gen- 
erator just mentioned, being of the bell- 
crank form, having the brushes firmly 
fixed on the end of the arm by means of 
a large machine screw. This screw would 
work loose in spite of everything we 
could do, resulting in the brushes work- 
ing askew, and finally getting cocked up 
on one corner. All this while the com- 
mutator was running against the brushes, 
because the maker’s book of directions 
said that was the way it should run. The 
result was that the motor and I got hot 
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together, and I almost felt like junking 
the motor when everything I did merely 
seemed to make matters worse instead of 
better. 

Finally I concluded that, directions or 
no directions, I would consult my own 
judgment and reverse the brushes. After 
this was done, the motor started up with 
its load and gave very little trouble there- 
after. 

These are but two cases out of a great 
number that have occurred under the 
writer’s personal observation, and I have, 
as a natural consequence, become a firm 
believer in setting the brushes to “drag,” 
whenever the design of the brush-holder 
will permit. 

Of course, much depends on the form 
of brush-holder. I prefer the box type, 
whereby the brush is set at right angles 
to the face of the commutator, and is held 
down to its seat by an adjustable spring, 
bearing on top of the brush. With this 
form of holder the brush can readily be 
made the width of two commutator bars 
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and by setting the brush to “drag,” all 


sparking can be eliminated. 
A. P. 3. Saut. 
Buffalo, N. Y. 





C. R. K.’S Dynamo Trouble 





Referring to “C, R. K.’s” “Peculiar 
Dynamo Trouble,” on page 265 of the 
February, 18 number, I take the liberty to 
suggest that if “C. R. K.” will give his 
brushes a forward lead he will probably 
find that without a “shunt” his generators 
will over-compound. It is possible that 
“C. R. K.,” in replacing his brush-holder 
studs, did not put them back in their 
original position. Even though the brush 
spacing be correct and the “ring” in the 
“running” position, still the brushes may 
not be in the position for which the series 
field winding and shunt were designed. 

M. Epwarp CHENEY. 

Schenectady, N. Y. 





Circulation in a Tubular Boiler 





There has been considerable discussion 
ef late regarding the circulation in a re- 
turn-tubular boiler. One recent state- 
ment is to the effect that the boiler is 
hotter at the rear. Now I disagree with 
this. The hottest part is directly over the 
fire, about two or three feet from the 
front head. As the fire is more clear 
at this point it gives out the most heat, 
and this is the place where a boiler al- 
ways bags or blisters. I never heard of 
a boiler bagging in the rear, although 
they may do so. 

The water boils most rapidly directly 
over the fire and naturally rises to the 
top. The water from the rear rushes 
ahead to take its place, causing a cir- 
culation from rear to front at the bot- 
tom and from front to rear at the top. 
The temperature on the outside of the 
shell is higher than in the tubes, which 
causes the water to rise at the sides and 
down between the tubes. 

I have seen a boiler that bagged right 
over the fire, and all the mud and scale 
had washed over to the front sheet; at 
the rear it was perfectly clean. 

James P. Larson. 
Benson, Minn. 
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Oil Fuel on Big Liners 





S. G. Koon’s criticisms, which appear 
in the March 10 number, page 377, and 
which relate to the statements made by 
an “engineer of the British admiralty” 
concerning the use of oil fuel, are, in my 
opinion, only excusable on the ground 
that Mr. Koon’s knowledge of this 
particular feature of “the case is ex- 
tremely limited. To anyone with prac- 
tical knowledge of existing conditions at 
the “admiralty engineer’s’ state- 
ments concerning the “Lusitania” are 
quite practical, and the possibility of 
knocking eight hours off the  trans- 
atlantic passage by the use of oil fuel is 
well within the range of possibility. 

Now, on the official-trial trip of the 
“Lusitania” the turbines averaged 1096 
revolutions per minute for 16 hours, 
which, with the propellers having a 16- 
foot pitch and allowing 15 per cent. slip, 
would give a speed of 26.26 knots; and 
this average, if maintained, would cer- 
tainly knock off the eight hours deemed 
impossible by your correspondent. From 
data at hand, the best average for 24 
hours made by the “Lusitania,” when 
making the transatlantic record, was 180 
revolutions per minute, and the average 
revolutions for the whole trip across was 
172, which brings us to the principal 
cause, making no allowance for bad 
weather, of the low average revolutions 
made on the trip. 

The “Lusitania” has 192 fires, and each 
of those fires has to be cleaned at least 
once, sometimes oftener, every 24 hours. 
The 24 hours at sea is divided into six 
watches of four hours each, and at the be- 
ginning of each watch one-sixth of those 
fires have to be cleaned, which means 
that 32 fires are hauled out and cleaned 
every four hours. Now, when one-sixth 
part of the whole steam-generating plant 
is taken away, the steam pressure will 
drop; which in turn necessitates the slow- 
ing down of the turbines, by the use of the 
throttle, to prevent the steam falling too 
low. 

When half the watch has. gone, the 
average revolutions for those two hours 
may have come up to 172, and if at the 
end of the four-hour watch the average is 
182 revolutions the turbines have been 
actually running 192 revolutions per min- 
ute for the last two hours, and this, |] 
think, goes to show that the difference in 
the results obtained the trial trip, 
under conditions as nearly perfect as pos- 
sible, and the results obtained under con- 
ditions as they actually exist at sea may 
be fairly attributed to the impossibility 
of 


sea, 


on 


maintaining a constant pressure of 
steam. 
In Mr. Koon’s conclusions regarding 


the distribution of weights, he entirely 
overlooks the fact that the allowance in 
bunker space for coal is 45 cubic feet per 
ton, whereas oil fuel occupies a space of 
41 cubic feet per ton, and taking his own 
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figures of 5000 tons of coal and 3700 tons 
of oil, would give an economy of space of 
73,300 cubic feet in favor of oil fuel, 
which could easily be carried by the 
“Lusitania” in a few of her many tanks 
in the double bottom. This arrangement 
would certainly allow her present bunker 
space to be utilized for the carrying of 
the 4000 tons of freight and the extra pas- 
senger accommodations which Mr. Koon 
so emphatically questions. 

The practice of carrying fuel oil in the 
double bottoms is commonly adopted in 
oil-burning steamers which have the tank 
capacity, and one instance which I can 
personally vouch for goes to show the 
economy of oil fuel. A certain steamer 
running from this port to China consumed 
from 42 to 50 tons of coal every 24 hours, 
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according to weather and quality of coal, 
to maintain an average speed of 10 knots. 
On being converted into an _ oil-burner 
she averaged from 0.3 to 0.5 knot faster 
on a consumption of from 180 to 210 bar- 
rels of oil, and as a barrel of oil weighs 
300 pounds, or seven barrels to the ton, 
pound for pound I think the record shows 
the “admiralty engineer” did not have 


more faith in oil fuel than is actually 
warranted. 
In conclusion, I would suggest that 


Mr. Koon places rather too high an aver 
age on coal for steaming purposes when 
allows 14,000 B.t.u. per pound; and 
again in allowing from 18,000 to 20,000 
oil, I 


we have California. oils 


he 


B.t.u. per pound for think he is 


rather low; as 
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which have shown as high as 28,000 
B.t.u., and an average of 22,000 would be 
more nearly correct. 

Mr. Koon also overlooks the fact that 
in the use of fuel oil we have a bright, 
steady fire 24 hours a day, which means a 
constant pressure of steam. 

In allowing 15 per cent. slip for pro- 
pellers, I have allowed a pretty high aver- 
age, as in fine weather the percentage is 
often as low as 8 to 12 per cent. 

DevoNSHIRE LAD. 

San Francisco, Cal. 





Low-water Alarms 




















Referring to low-water alarms, in 
the accompanying Fig. 1 A is a 
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heavy, copper-ball float, B is a_ piece 
of pipe screwed into the top of the 


boiler shell E and serves as a guide and 
helps to keep the ™%-inch brass rod C 


from being bent or broken. The check- 


valve D is also screwed onto it above 
the boiler, as shown. The rod C is at- 
tached to the disk of the check-valve, 


which is a vertical one, and put on up- 
side down. There will be no packing to 
stick and the area at L is very small so 
that I fail to see why it should not work. 
\ valve and whistle can be screwed into 
the upper end of the check-valve. 

An alarm something like Fig. 2 was de- 
scribed by me a couple of years ago in 
an engineering paper, and objection was 
by certain readers, who 


taken to it 
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that the friction would be sco 
great in the packing box K that no reli- 


claimed 


ance could be placed in the device. The 
pipe C answers the same purpose as in 
Fig. 1. <A hollow brass tube F is fas- 


tened to the float E and a whistle is at- 
tached to the upper end. A %-inch hole 
is made at WM. Metallic packing is used 
in the packing box. When the water low- 
crs below the safety mark the brass tube 
will be pulled down by the weight of the 
float will enter the hole M, 
blowing the whistle. I rigged up one just 


and steam 
to satisfy myself as to whether it would 
work, and my belief in it was sustained, 
for it certainly works O. K., with metallic 
packing and the tube well polished. 

An pulley 
can be rigged up to raise the whistle and 


arrangement of cord and 
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pipe far enough to stop the noise after 
the alarm has sounded, care being taken 
to lower it, or loosen it after the water 
is raised again in the boiler. 

Fig. 3 is an electric high- and low- 
water alarm, in which D is a solid 1™%- 
inch brass rod working inside a 3g-inch 
iron pipe, which acts as a guard for the 
rod, the valve-top arrangement being the 
The piece 4 is at- 


Fig. 2. 


same as in 


tached to one wire of an _ electric-belt 


circuit, and B and C to the other wire, as 
shown; the bell can be placed wherever 
desired, 

Fig. 4 is practically the same thing, 
only in this case one wire is attached to 
the pipe coupling. 

I have found by experiment that these 
will not work satisfac- 


“freak” alarms 


torily, unless the outside, or guard, pipe 


is used, for the movement of the water in 
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the boiler will soon bend the small rods, 
or pipes. 
JAmeEs E. Nos te. 
Toronto, Ont. 





Balancing an Engine 


Some time ago I was employed as en- 
gineer in a small plant used for lighting 
and power in a hotel. The engineer-in- 
had but come to the 
plant, the engines having been run but 
a few weeks. 


charge recently 

















There were two roxto-inch, direct 
connected, direct-current generators 
running at 325 revolutions per minute 
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It seems that the engineer who had 


taken charge of 


installation 


the plant at the time 

had been unable to 
prevent a pound in one of the engines, 
which had been so considerable as to an- 
noy the guests, and consequently he had 


of its 


been asked to resign. 


Upon taking charge, the second man 
had given the engine a thorough in- 
spection, lining up and adjusting the 


boxes to the greatest nicety, and assured 
himself that all were in perfect running 
Steam then and 
the engine was gradually worked up to 
but had full 
distinct could be heard, 


order. was turned on 


before it reached 


throb 


speed, 
speed a 
which after a few hours of running de- 
veloped into a pronounced pound. 

Again the engine was examined but no 
mis-alinement 


flaw of adjustment or 


could be found, when fortunately an 
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idea occurred to the’ chief which he im- 
mediately proceeded to put into execu- 
tion. 

The engine was again started and a 
tram held to the rim of the fly-wheel, 
when it was seen that it swung slightly 
out of true. It could hardly be inferred 
that the fault was in the making of the 
wheel, for the engine was built by one 
of the most reliable manufacturers of 
the day. As an experiment, a weight 
which had been bolted to the inside of 
the wheel and which, by the way, was on 
the side of the throw of the wheel, was 
removed, with the result that the pound 
Then as a 
further experiment the weight was bolted 
diametrically opposite the former posi- 
tion, when there was a scarcely noticeable 
throb. This finally eliminated by 
the placing of sheets of lead to the extent 
of four pounds under the bolted weight, 
which weighed fourteen pounds, placing 
the wheel as it was originally, thirty-two 
pounds out of balance. Since that time 
the run without trouble. 

A. N. NICKERSON. 


was somewhat diminished. 


was 


engine has 


Chelsea, Mass. 





Finding the Average Pressure from 
Round-pattern Pressure-record - 


ing Gage Charts 





[ do not agree with the method for 
finding the average pressure from record 
ing-gage charts as described on pages 330 
and 331 in the March 3 number. 

When the is taken and reduced 
to an equivalent circle, that circle will not 
fall on the “average pressure” line, be- 
cause for pressure above the average, the 
area included for one pound for one hour, 
is always larger than that for one pound 
for one hour below that line, therefore the 
average so obtained will be too high. 

This can be clearly shown thus: Let 
the radius for pressure be I inch, 
and for too pounds be 3 inches. Then 
suppose the day pressure was uniformly 
150 pounds and the night pressure 50 
pounds. The day area would be one 
half of a circle of 4-inch radius, and the 
night area one-half of a circle of 2-inch 


area 


zero 


radius. The total area then would be 
“BX eagtt+%nrat= 3.1416 X (16+ 4) 
2 
.1416 X 2 
Shee 3.1416 X Io 


and this made equal to 7 R?, gives R? = 
10. K = 3362: would 
(3.162 — 


the 


which 
pressure of 


pounds, 


mean an 
average rx sox 


108.1 while true average 


should be 


150 + 50 
2 


= 100, 


C. C. STONE. 
Cleveland, O. 
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Causes of Knocks in Steam 
Engines 


I did not expect to stir up quite so 
much excitement by my statement (in m 
letter on page 303 of the February 2 
number) that bad valve setting would not 
make an engine knock, for I really sup- 
posed that most of the readers of Power 
that | 
a whole lo: of them are 
writing letters to Power telling what they 


were real engineers. .I1 see was 


mistaken, and 
don’t know about engines and engine run- 
ning. I am sure that Power not 
give me the space necessary to reply to 


would 


all of the misstatements and point out 
all of the mistakes of those who say that 
I am wrong, and I will only touch upon 
a point here and there from each con- 
tributor. 
First, it is 
engine “as 


not necessary to key an 
fiddle string,” as 


one calls it, or to use anything for lubri 


tight as a 


cation except common, every-day engine 
oil. If he carries 10 pounds of receiver 


pressure in any modern engine running 
with 125 pounds boiler pressure, he has 
something to learn about receiver pres- 
sure as well as about valve setting. De 
don’t 
care whether an engine is to be run con- 
Up-to-date 
builders put a second eccentric on a low 


signers who know their business 


densing or non-condensing. 
pressure cylinder to get the exhaust valves 
open early in the stroke, so as to get the 
benefit of the condenser in the cylinder, 
and not to alter the travel of the valve, 
as is stated. A hundred eccentrics would 
not alter the valve travel and engineers 
ought to know it. 

Another 


sion ?” 


about 
As compression is not a necessary 
factor of quiet running there should be 
nothing said about compression. | 


says: “How compres 


can 
show engines of 48-inch stroke, running 
100 revolutions per minute and developing 
1200 horse-power and over, that cannot 
be heard except for the valve-gear, and 
the engineer is always loafing in a white 
shirt. He never touches a 
wrench or an oil can and the boss doesn’t 


seldom or 


‘invite him to move on to another job; or 
he has not for more than fifteen years. 

To E. S. R., who states on page 458 
of the March 24 number, that he installed 
three 500-horse-power engines which, 
while running non-condensing, pounded, 
heated and broke the rod brasses, and 
kept this up for several months, or until 
condensers were installed, I will only say 
that a more comprehensive and complete 
certificate of the 
and science of 
never published. 


ignorance of the art 


steam engineering was 

To Henry D. Jackson (also in March 
24) I will only say that clatter, or rattle, 
of steam valves lifted from their seats by 
excessive compression cannot be called 
knocking or pounding, and that there is no 
engine built by any 


engine builder of 
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repute that cannot be made to run quietly 
either condensing or non-condensing with 
the same valve setting. 

R. Williams, whose letter .ap- 
peared on page 416 of the March 17 
number, has never tried to find out for 
himself whether valve 
under 


George 


settings operating 
one set Of conditions were right 
or wrong for operating under another 
set. When he tries this experiment hon 


estly in the search of truth, his experience 


will be identical with that of Charles J. 
Mason, whose letter was also in the 
March 17 number. The sooner a man 


throws aside his prejudice and starts hunt- 
ing for facts the sooner will he become 
a real engineer. 


Brockton, Mass. 





Scale in Boilers 


I noticed an article in the March 16 
number of The Engineer, by “W. E. D.,” 
regarding the removal of scale from old 
boilers. If I found myself in charge of 
that 


either a case of 


boilers in condition it would be 


new boilers ¢ 


ra new job 


for me. He says: “If new boilers have 
to be installed there will be an awful wail 
from headquarters.” But I think 


would be a much bigger wail if the chief 


there 


could show them how much fuel is being 
wasted due to the scale 


shell. 


According to gcod authorities, %4 inch 


on the tubes and 


of scale means a loss of about 3% per cent 
of the fuel consumed. Now, if the chief 
will sit down and figure up what 35 per 
fuel bill will be at the end 
year, I think he will find that it 
will almost buy two new boilers, and if 
this was explained to the, boss, I think he 
could be that he would be 
ahead by installing new boilers 
and run less risk of damage to life and 
property. 


cent. of his 


of one 


convinced 
money 


It seems to me the man who set up 
those boilers must have got twisted 
s6me way or other, as the boilers are 


pitched the wrong way; the blow-off is 
on the wrong end, the fusible plug on the 
wrong end; the manhole plate is on the 
outside instead of on the inside. 

The fusible plug should be 
the the 
the heating surface. 


placed in 
part of 
While the plug is 
covered with water it is kept from fusing 


rear head in uppermost 


by the moisture in the water, but as the 
water falls below it, and dry steam comes 
in contact with it, 
of the furnace. 
The fusible plug “W. E. D.” mentions, 
would not fuse if the boiler went dry 
unless the steam became superheated be 


it is fused by the heat 


yond the fusible temperature of the plug 
It is surprising to me that such condi 
tions as this country. J 
would like to know if there is no boiler 


these exist in 
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_ 


the State or 


these 


inspection in municipality 
located. If 
the 


were getting together and trying 


in| which boilers are 


there is not, it is time engineers 
to get 
one. 


It will be 


tions as 


found where such condi 


these exist that the engineer is 


nearly always to blame and the man who 


can go to his boss and prove to him 


where he can save money will always 


him 


find the boss willing to listen t 
NorMAN S. CAMPRBELI 
Detroit, Mich. 


Repairing a Cracked Steam Chest 

















The accompanying cuts show how a 
steam chest was repaired. The bolts A 
and J in the sectional elevation are 34-inch 
with countersunk heads just under the 
throttle-valve flange, and extend through 
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REPAIRING A CRACKED STEAM CHEST 
the chest, being fastened under the valve 
the others, 


iY Its 
74-inch bolts placed 


seat to the rib, as shown. Of 
H, G, F and E are 
A, ot D are' 
inahorizontal position with countersunk 
the 


7@-inch and 


and 
heads under chest cover, making 
very neat, strong job, no bolts being ex 


posed, except H, G, ’ and E, after the 


legging was placed on the cylinder. ‘Why 
crack, the location of which is shown 
in the plan view, is braced a great deal 


stronger at this point than before. 
When the crack occurred the engine was 

stopped on Saturday at 11:45 a.m. and was 

the following Monday 


holes all drilled by 


the time required for the 


running again 


morning, the being 


ratchet ; whole 
job was 10 hours on Sunday, the loss to 
the company being 5 hours’ time only. 

W. B. SHEPPERSON. 
Nashville, Tenn. 
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What Caused the Horms on 
Diagram ? 


the 





In regard to what caused the horns on 
the diagram submitted by “H. D. E.,” in 
the March 17 number, I will say that in a 
similar circumstance in a power plant 
which I was running, after much thought 
and investigation I found the “horns” to 
be caused by small explosions of hot 
cylinder-oil and water in the indicator 
cylinder and piping. 

FRANK AVIS. 

Echo, Oregon. 7 





A Problem in Hydraulics 





I beg to offer the following solution to 
E. H. Lane’s “Problem in Hydraulics,” on 
page 462 of the March 24 number: 

If P=pressure per square inch, due 
to the water column to feet high, we have 


62. 
P= xX 10 = 4.34 pounds, where 62.5 
= weight, in pounds, of 1 cubic foot of 


62.5 
water and 
144 


umn of water having a cross-section of I 
square inch and a hight of 1 foot, or is 
the pressure per square inch due to the 
weight of a column of water 1 foot high? 

Then 144 X 4.34 = 624.906 pounds, the 
weight which will be registered on each 
pair of scales regardless of the cross- 
sectional areas of the pipes which serve 
to convey the water to the pistons, the 
friction of the pistons being neglected. 

If in Figs. 1 and 2 the columns (or de- 
livery pipes) were supported on the 
scales, we would have quite a different 
problem. We would then be weighing the 
total volume of water contained in the 
columns, and not pressures due to the 
hight of the columns, and the scales 
would show weights proportional to the 
volumes of the tanks regardless of the 
hights of the colunmns. 

You will note that Fig. 1 does not show 
very clearly whether the column is joined 
to the cylinder by means of a tight joint 
or not. It is necessary that this joint 
should be fairly tight in order to main- 
tain the pressure due to the head of 
water. 

If the cylinder is open at the top so that 
the water can flow out, the pressure or 
weight on the scale, Fig. 1, will be due 
to the weight of a column of water whose 
hight is equal to the hight of the cylinder 
above the piston and whose area is equal 
to the area of the piston. 

F. C. Hetms. 


= 0.434 = weight of a col- 


Schenectady, N. Y. 


A letter under the heading, “A Prob- 
lem in Hydraulics,” appearing in the 
March 24 number, attracted my attention 
and I am of the opinion that the scales 
taking the thrust from the piston, having 
the pipe with an area of 144 square inches, 
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will show the greatest pressure, or weight. 
The atmospheric pressure will be greatest 
in the case above mentioned, and the 
pressure per square inch due to the weight 
of the water will be greatest; therefore, 
the total pressure will be greatest. 

Again, if the top of the short section 
leading from the piston faking the thrust 
from the smaller column of water up to 
the point where the small pipe enters this 
section is not covered, the water will run 
away and it will never reach the top in 
the small section, but if it is covered, the 
atmospheric pressure will undoubtedly 
be less. 

F. V. ConstTABLe. 

Coplay, Penn. 


Regarding the problem given by E. H. 
Lane in the March 24 number, it does 
not seem possible that engineers could dis- 
agree. 

The pressure exerted upon the piston 
supporting the large column of water is 
of course equal to the weight of the water ; 
or 144 X 0.434 X 10 = 624.96 pounds. 
This, plus the weight of the piston and 
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rod, and neglecting friction, will be the 
weight shown by the scales supporting 
the large column. Assuming for con- 
venience that the area of the pipe screwed 
into the other cylinder is I square inch, 
we have a column of water I inch square 
by 10 feet high exerting a pressure of 
10 X 0.434 = 4.34 pounds on the body of 
water covering the piston. According to 
Pascal’s law, this pressure is transmitted 
equally in all directions; therefore, every 
square inch of the cylinder to which the 
pipe is connected will be subjected to a 
pressure of 4.34 pounds, and the pressure 
applied on the piston will be 4.34 * 144= 
624.96 pounds. Identically the same as in 
the first case. 

The general for the downward 
pressure of liquid upon the bottom of 
any vessel is: “The pressure upon the bot- 
tom of a vessel containing a fluid is inde- 
pendent of the shape of the vessel, and is 
equal to the weight of a prism of the 
fluid whose base has the same area as the 
bottom of the vessel, and whose altitude 


law 
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is the distance between the bottom and 
the upper surface of the fluid.” 
Thus it is that, while the weights of 


-these two bodies of water are vastly dif- 


ferent, the pressure upon the bottoms 
of the vessels or cylinders containing it 
is the same, because the areas of the bot- 
toms, or pistons, are the same. 

As a quietus to the man who argues 
for the sake of an argument, I would sug- 
gest that the two columns of water be con- 
nected together just above the pistons, 
by means of a suitable pipe, thus making 
the two bodies of water into one. If you 
find a man willing to argue that “water 
won't find its level,” give up, as it is of 
no use. He would argue that he was 
dead, and die to prove it. 

. T. DeWitt. 

Troy, N. Y. 


“In regard to the “Problem in Hy- 
draulics’” of E. H. Lane in the March 24 
number, page 462, I will say that there can 
be no room for argument; the only pos- 
sible result is that both scales will balance 
at the same weight. This is in accordance 
with the fundamental hydraulic law, that 
the pressure on a given immersed surface 
depends only on the head of water above 
that surface. 

The area of cross-section of this head 
is immaterial, for as a fluid transmits 
pressure equally in all directions, the pres- 
sure on each square inch of the immersed 
surface (in this instance the piston) will 
be the same. 

As a cubic foot of water weighs ap- 
proximately 62.5 pounds the pressure per 
square inch due to a column of water I 
foot high will be 0.434 pound. There- 
fore, using Mr. Lane’s figures we have 
as the total force on each piston, w = 
0.434 X I0 X 144 = 625 pounds. 

H. L. Dean. 
N. Fi. 


Claremont, 





In answer to E. H. Lane in the March 
24 number as to which scale will show 
the most weight, my answer would be 
neither. In Fig. 1, considering the top of 
the piston to be 2 inches below the 
cylinder-head, the weight of water will be 
144 X 2 X 62.5 + 1728 which equals 
10.41586 pounds. The pressure on the pis- 
ton will be 10.41586 + 144 = 0.072193 
pound per square inch. Considering the 
pipe to have an area of I square inch, and 
the hight from the cylinder to the top of 
the pipe is 9 feet 10 inches, the volume of 
the pipe = 118 cubic inches. The weight 
of water in the pipe will then be 118 & 62.5 
+1728 = 4.26806 pounds acting on an 
area of I inch, which is 4.26806 pounds 
pressure. 

According to the law that this pressure 
is transmitted equally in all directions, 
this pressure will be exerted on the piston 
so that we have 0.072193 < 4.26806 = 
434+ which equals the total pressure per + 
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square inch on the piston. Then, 144 X 
4.34 = 624.06 pounds total pressure. 
The pressure on Fig. 2 will be, 


120 X 144 X 62.5 
. 1738 





= 625 pounds. 


GeorcE PETtTIT. 
New York, N. Y. 





King Coal 





Reading the editorial in the March 3 
number, on “King Coal,” brings to mind 
the signal set by Power from time to 
time, that the economy in the use of coal 
is a matter of growing importance. 

Anyone interested has only to read the 
reports of the United States Geological 
Survey, which give the production of 
coal in the United States for the year 
1905 as 352,694,110 tons, and for 1906 as 
375,397,204 tons, an increase of 22,703,094 
tons in one year. It was estimated that 
the amount of coal produced in the world 
for 1896 was 583,450,131 tons and ten years 
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later, in 1906, it was 990,502,793 tons, a 
difference of 407,052,662 tons. The total 
consumption of coal in the world is con- 
siderably over 50,000 tons per hour and 
of this vast quantity some 13,000 tons, 
principally bituminous and _ semi-bitumi- 
nous coal, is used under stationary, rail- 
road and marine boilers. 

This 113,880,000 tons per year of steam 
coal that is taken from our supply will 
have a tendency soon to affect the mone- 
tary value. Already we see where mines 
and railroads are controlled by the same 
parties giving a few men the opportunity 
to at any time manipulate prices. With 
our ever increasing demand for power 
it behooves us in every way to economize 
until some means are found to create 
heat and transform it to power with more 
efficiency and less cost, thereby eliminat- 
ing the growing demand if not reducing 
the tonnage from the mines. 

The manufacturers of the eastern States 
are to a great extent behind the times as 
to the generation of steam, while nothing 
is too good as a rule for the motive de- 
partment, the most up to date appliances 
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for saving and utilizing heat units being 
installed. The old adage, “Save at the 
spigot and let go at the bung,” was never 
more appropriate, for, housed in leaky 
settings, the old style of horizontal tubu- 
lar boiler can be found still mostly fired 
by hand, by as few men as possible to 
work the shift. The requirements de- 
manded of these men are ability, strength 
and willingness to work. Their duties 
are to keep the furnaces full of coal at 
all times. Water fed to the boilers 
controlled by the engineer. 
and attention given 
than that which 


is 
The respect 
these men is less 
the draft horse re- 
ceives. 

An all important factor when this style 
of boiler has been decided upon is to have 
the setting properly done. Many men 
consider that any mason competent 
to set a boiler and this accounts for ex- 
tensive repairs needed in many settings. 
This work should be under the super- 


is 


vision of the insurance or State inspector 
until such time as an engine is engaged. 


In Massachusetts there are laws govern- 
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ing these matters and they are obeyed. A 
setting of brick should be avoided if 


possible, for there is no greater offender 
of economy in a steam plant with its 
tremendous appetite for heat units, which 
it never repays either in interest or princi- 
pal. The leaks which start from the first, 
its radiating surfaces and maintenance have 
little to commend it. The greatest trouble 
at present in many plants is due to the 
fact that more is required from the boilers 
than they are intended to supply. Boil- 
ers ought to be designed for the work they 
have to do. The duty should be defined 
in pounds of water evaporated per hour 
with a certain grade of coal. 

Under the best conditions of external- 
ly fired boilers with brick settings the 
limit of their economy appears to have 
been reached. It is the opinion of many 
that if a committee was formed from the 
brightest men who have given their whole 
thought to steam generation, to determine 
what design of internally fired boilers 
of the vertical fire-tube type would be 
the most desirable, this to be adopted 
as a standard, we would obtain far better 
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results. As there are means of effectually 
purifying water, no bad effect would be 
experienced now along these lines. The 
same attention to furnaces that marine 
boilers receive and a liberal amount of ca- 
pacity installed removes all objections that 
are offered. The benefit received in re- 
turn would be high pressure and super- 
heated steam with 
to the greatest 
should be 


of radiation 
Other 
feed-water coming from the 
passing through an economizer, 
giving a low chimney temperature. In 
duced draft taken from top of the stack 
to rescue heat, and to be mixed again 
with the proper amount of those elements 
which 
be 


absence 
degree. details 


heater, 


have been consumed; a 
that the 


removed once an hour without 


grate to 


so devised non-combustible 


could be 
the loss of carbon or the exposure of the 
fires to the atmosphere; the power for 
blowers to be taken from the engine and 
each device working in harmony, forming 
an association of appliances that would 
give maximum efficiency at minimum cost. 

WILLIAM 

Winsted, Conn. 


T. CROWELL. 





Using Burned-out Grate-bars for 
Arch Supporters 


The sketch in Fig. 2 shows a new use 
for burned-out grate-bars. The rear arch 
of a 36-inch 12-foot return-tubular 
boiler was in a decidedly shaky condi- 
tion. It was constructed as in Fig. 1, the 
arch being supported on irons 1 inch 
square, bent to shape with one end rest- 
ing against the head of the boiler, and 
the other end supported in the back wall. 
Needless to say, the irons did not last 
long, and the brickwork soon gave out. 
The grate-bars were placed as shown and 
reinforced with bricks and clay. Of 
course, such a plan would not be toler 
ated in a modern plant, but in the lumber 
industry a 


by 


shut-down costs considerable 
and as this was avoided, the “super” has 
not registered any kick to date. 
G MS. 
Oakville, Wash. 





Buy Boiler Enough 


The man who is about to buy a boiler 
should idea of the 
amount of water which that boiler is to 
evaporate at the time of greatest demand, 
and then should buy a boiler capable of 
evaporating considerably more. He can 
then lengthen or shorten the grate sur- 
face, according to the demands of the 
business, from time to time, and run his 
fires in a way to save coal and to lengthen 
the life of the boiler, and of the furnace. 

Rosert J. KirkKwoop. 


get an intelligent 


Boston, Mass. 
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Cost of a First-class License in 


Massachusetts 

In regard to the licensing of engineers 
in Massachusetts and the requirements 
that have to be met, as have been stated 
in the columns of Power, especially in the 
March 17 number, “Boston,” I 
would say, if. criticism is made in a spirit 
of fairness, it will not hurt but will be a 
benefit. What private interest or public 
institution is exempt from it? As “Bos- 
ton” has referred to the man who has re 
ceived a first-class license by his individ- 
ual effort, I will cite my personal expe- 
rience, not to parade my disadvantages 
or gain credit, but to let our friend know 
There are 


signed 


he is not in a class by himself. 
others who have had to work long hours 
and find means to gain information. 

At the age of eleven years I was taken 
from school and placed in the employ of 
the Brown & Sharpe Manufacturing Com 
pany, of Providence, R. I., and being of a 
discontented and roving spirit, I left this 
national 

the 


has a repu 


en 


which today 


and 


firm, 
tation, 


turned toward sea, 


tering the navy and serving in the fire 
rooms of several vessels. I wish to make 
this statement: If discipline is worth 


learning, there is no better school than 
aboard a ship. My apprenticeship was 


served under’ several martinets, one of 
whom was Rear Admiral Robly D. Evans, 
who was a cominander at the time I men 
tion. ‘The lesson I learned will never be 
forgotten and has many times been of 
great value to me. 

After my discharge I was employed as 
fireman and assistant to the engineer of 
It was at this 


education. 


a large newspaper plant. 
time [| realized my lack of 
The exchanges that found their way into 
the boiler room were the primary cause 
of my awakening. I saw if ever I was to 
become more than a scrub, | would have 
to obtain knowledge. Starting in “with 
such papers that were published treating 
on the subject of my chosen profession, 
and seeing most of the articles were 
Greek to me, I went farther back. I 
bought a Franklyn elementary arithmetic 
and today this is the most valued book 
in my library. I started in with the mul 
tiplication table and can honestly say that 
at this time I could not define the dif 
ference between mensuration and naviga- 
tion. I studied nights while keeping the 
building warm, and having no one to ex 
plain the problems to me it was doubly 
hard. This continued for a number of 
years. Each example mastered encour- 
aged me to gain further information and 
knowledge. 

I bought a second-hand textbook on 
engineering, paying twice the price a new 
one could be bought for today, with not 


the amount of data by fifty per cent 
It was by a standard authority and ] 
have since followed his methods. This 


was in the 


days of hand dampers, slide 
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valve engines and 80-pound pressure was 
considered high. I subscribed later: to all 
the leading magazines on steam and me- 
chanics, and not once have I thought they 
were an expense to be charged up against 
any account, as they have paid me back 


dollars for every cent I expended on 
them. 
Likewise what tools I have were ob- 


tained at first one at a time and they have 
been a paying investment. My employer 
may have incidentally received some ben- 
efit, but I had what was necessary at all 
times work desired 
These I consider a part of myself, being 


to accomplish the 


independent in this respect and keeping 
my tools in the shape that suits me. | 
should as soon charge up my first-class 
household expenses as 


license against 


any such necessary expenditures. They 
should be properly charged to the market 
value of the man. 

The old 


alone was information refused by those 


school was a hard one; not 
in charge, but the work demanded was 
far more exacting and dirty. The hours 
were many and if at any time you were 
given information, it was a safe plan to 
correct you called 


The best authority now can 


prove it before were 
on to use it. 
be bought for a trifle and the young man 
today can gain knowledge on these sub- 
jects by asking. The only regret I have 
is that the same opportunities were not 
to be had at that time. Nevertheless 
I have been able to demand for my sery 
ices that which has given my family the 
comforts which could not have been given 
had I been satisfied to continue in the old 
ruts. 
practice what the blueprint is to the ma- 


Say what you will, theory is to 


chinist. 

When the law was passed in Massachu 
setts that every engineer should be ex 
amined, I was in charge of a woolen mill 
in. Plymouth, Mass. appli- 
cation before the proper parties, I waited 
notified to 


Placing my 


some months before being 
appear before them at a stated place and’ 
time. Thirty odd men applied for first- 
class licenses and eight received them. I 
went up to be examined, asking no ques- 
tions, but confining myself to those asked 
me. I knew a reasonable time would be 
given me, therefore I was in no hurry and 


weighed each question to the best of my 


ability before committing myself. Al 
though T had not received a college edu 
cation my information was from the 


same fountain head of authority as the 


examiner's. 
His first question was, “Are you a 
graduate from any institution?” When 


informed not, he asked, “How is it you 
hold such a position?” When told I had 
come by way of the fire room, notwith- 
standing many remarks to the contrary, 
he said he was pleased to meet such men, 
for he was obliged to issue a license to 
able to answer 
still 


who 
question asked them, but 


several were any 


did 


who 
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not know, when given a wrench and told 
to take up on a nut, which way to apply 


had never met this ex- 
aminer and have not seen him 
since, and being a native of Rhode Isl- 
Connecticut, it is un- 
ing engineer, | have met many of the ex- 


As | 


before 


pressure. 


and, working in 


grind by writing anything but facts. The 
examination lasted about thirty-five min- 
utes and I received papers. This 
happened twelve years ago. My fourth 
issue will run out October 31, 1908. 

The total cost has been one dollar plus 
In per- 


my 


postage for renewals one way. 
forming my duties since, which at times 
covered the New England States as erect- 
ing engineer I have met many of the ex- 
aminers and I must say they are engi- 
neers in all that the word implies. They 
patient, honest and just in their 
dealings with those who have to come be- 
As they are paid by the State 


are 


fore them. 
for their services, which is something out 
of the ordinary in most States and cities, 
to be 


it is obvious that there is nothing 


gained by them in refusing a_ license. 
Neither have they any time to ask fool 
questions. ‘Their business is to judge 
whether the applicant is qualified for what 
he has applied for. 

As to tlie miserable compensation re- 
ceived by engineers, I can only say that 
generally a man is paid according to his 
that if “Boston” 


formula in 


worth. It looks to me 
used the mathematical 
his business that he employed in 


ming up the cost of a license, he would 


same 
sum- 


be a well-paid man. 
W. T. Crowe. 
Winsted, Conn. 


Discharging Feed-water above the 
Water Line 


In answer to “F. S. C.” in the February 
10 issue of The Engineer, regarding the 
of will that I 
have had the trouble he speaks of, and 


feeding boilers, | say 


have overcome it on several occasions. 
His trouble is caused by discharging the 
feed-water too high up in the boiler, viz, 
above the water line, and the perforated 
hall cnly makes matters worse, by caus- 
ing the water to spray and thus practi 
cally jet the 
boiler, the cold water condensing a large 
of the which it 
comes in contact. 

He “the 
nearly full of water;” that is, as soon as 
the the water line 
Now, if he the feed-pipe 


down to within, say, 3 inches of the tubes 


forming a condenser in 


percentage steam with 


says boiler fires easier when 


discharge is below 
will extend 
and then screw a common pipe tee on the 
end of the pipe bull-headed, crosswise of 
the boiler, I think his trouble will cease. 
I consider the top feed, entering near 
the back end of the boiler, the best there 
is. As for circulation in the blow-off pipe, 
that so many engineers seem to worry 
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about, I for one don’t want any circu- 
lation, and if the pipe is properly put in, 
circulation is a detriment to the boiler. 
I put in a 4- or 5-inch pipe, let it run 
feet, then out through the wall, 
reducing it to 2 inches outside, then cover 
the horizontal pipe with earth about 6 


down 3 


inches over the pipe. That gives a cool 
settling chamber if not disturbed and aids 


materially in keeping the boiler clean if 


blown down every day. I have put in 
several blow-offs in this way and have 
never had any trouble with them, but 


have had all kinds of trouble with small 
pipes that only come down a few inches 
from the boiler and then out through the 
wall, thus having the whole pipe in the 
fire. I have had a 2-inch pipe burn off 
when the boiler was fed entirely through 
blow-off with 
there must have been pretty good circu- 
lation. ; 5. 
Detroit, Mich. 


the continuous feed, and 


R. Morton. 





The Steam Path of the Turbine 


I was the discussion of 


Dr. Steinmetz’ paper as presented in the 


interested in 


March 24 number. 

There are one or two points which | 
should like to bring out. One of these 
is the fact, pointed out by Zeuner and 


other experimenters, that if a pressure- 
to 
adiabatic expansion of 


volume equation is be used for an 


saturated steam, 
the exponent of the equation is a func 


tion of the initial condition of the steam, 


and not a constant as given by Dr. 
Steinmetz. 
Thus if 11— initial condition of mix 


ture, and m= exponent of the pressure 
volume equation, then 2 = 1.035 
(by Zeuner), and pV"=C 


0.100 1 


The energy during expansion would be, 


*Pi 
E={|'Vdp, 
Fs 
nce V = - = 2 where C =— 2 * 
p = i J n 


“P1 
i E=S| pd, 
" p2 
pa 


getty Y- 


The initial condition .; being calculated 
from the adiabatic equation in the tem 
perature-entropy plane 


4,7, 


T; 


Xe%s 


“> o> 
2 


+ 6,, 


= Initial condition, 
v2 —= Final condition, 


where +; 


ri Heat of vaporization m 
B..u., 
T = Absolute temperature, F., 
and, 
6 = Entropy. 
lhe above is cumbersome and _ not 
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strictly true; all equations for saturated 
steam in the pressure-volume plane being 
approximations. Its projection onto the 
temperature-entropy plane is correct and 
also the results obtained therefrom. 

B. SANDERS. 


New York, N. Y. 





The Best Way to Run a Steam 
Main—Dutch Ovens 


A. M. Leach, on page 416 of the March 


17 number, asks for different plans of 


piping. From what he says about enlarg 
ing the 4-inch line across Nos. 3 and 4 
boilers, I take it he will not be allowed 
enough to make a first-class job, and will 
have to fix up with the material on hand. 

If that is the out 
the Y and plug the 4-inch connections on 
Nos. 3 and 4 boilers. Also take out the 
6-inch pipe from the Y to the cross-valve 
on No. 3, and put on a blind flange. Then 
Nos. 3 and 4 can be connected direct on 


case, I would take 


one end of an 8-inch header in the engine 


room. From where the Y was taken off, 


connect Nos. 1 and 2 boilers direct to the 


engine-room header at the other end. 
These connections may drop into the top 
of the header. Put a 6-inch valve next 
to the wall in the line from Nos. 1 and 


2 boilers, inside the boiler room. 
This ] 
the difficulty, but not 


would think a good way out of 


what it should be, 


as the 6-inch lines are too small for that 
size of boiler. There should be nothing 
smaller than a 5-inch opening for each 
of the four boilers, and that would call 
for an 8-inch line, which could be con 
nected with the &-inch header just the 
same, as the latter would be getting its 
supply of steam from both ends. 

This change can be easily made over 


Sunday; use all flange joints and have 
the flanges screwed home; bolts, gaskets 
and everything ready. I would close up 


the 6-inch opening on No. 1 and start 
with the 8-inch opening. 

I would like to hear what some of the 
sawmill to 


dutch ovens. I have never run one, but 


engineers have say about 
they are thought to be just the thing with 
many although | 


where the gain can be. 


engineers, cannot see 
In the first place, 
the cost of installing is much more than 
half-arch 


pairs are still more. 


the ordinary setting, and re 
The grates are from 
; to 6 feet below the boilers and extend 
the full length of the grates in front. The 
fire is built in a brick house or arch 5 or 
6 feet 
for 


from the boilers, and the chances 
leaks are many. All this before 

the heat gets to the shell of the boiler. 
Some claim they help to dry the class 


air 


of fuel which a sawmill burns, and get 
better that had 


charge sawmill for 20 ye 


results in have 


of 


way. | 
boilers ars 


and always have burned whatever came 


along and got good hot fires. I set 
the boilers 24 to 30 inches above the 
erates, run the bridgewall up to within 
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10 or 12 inches of the boiler and make it 
good and heavy; feet long 
and run up a second wall to within 6 or 
8 inches of the boiler just in front of the 


use grates 5! 


blow-off pipe. 


| build the back arch with wedge fire- 


brick and bind it together with bolts, 
allowing 30 to 4o inches from the back 
end of the boiler to the back wall lL have 


had one of these arches last 14 years and it 
was in good shape when the boiler was 
removed. 

With a 


lines 


along the above 
dutch 
1g into the dutch oven’s 


furnace built 


there is no use for a oven. 


[I may be diggit 
| 


friends; if so, I hope they will get busy 
and show some of us why. 
Det Forsyru, 
Merrill, Wis 





Memoranda on Nail-works’ Boilers 


Question has arisen as to what would 


result when four 80-horse-power return 
tubular boilers are connected on a 


line 


steam 
with a 
the 


150 horse power water tube 


boiler, return-tubular boilers having 


their safety valves set to blow off at 90 


pounds pressure and the water-tube boiler 


having its safety valve set to blow off at 
115 pounds pressure 

The return-tubular boilers are set over 
puddling furnaces and the water-tube 


boiler over a 


heating furnace in an iron 
works Up to the present time the 
water-tube boiler has not been able to 


get up pressure cnough to blow the safet 
the return-tubular 
the 


valves on 


boilers, al 
boiler 
itself is concerned, its safety valve is set 


though as far as water-tube 
at 115 pounds 


the 


The question is whether 


water-tube boilei 


can ever evaporate 
sufficient water or make enough steam to 
be able to raise the pressure sufficiently 


to blow off the safety valves on the return 
tubular boilers. 
tube 


The fact that the water 
not the safety 
valves on the return-tubulars to blow off. 


boiler has caused 
is taken by the owners to indicate that it 
is not being worked up to capacity. 

It seems to me, however, that a boiler 
of 150 horse-power capacity connected 
with four of 80 horse-power, or a total 
of 320 horse-power, all being fired equally, 
would never be able to overcome the han 
of the of 


the lower pressure produced by 


dicap extra volume steam at 
the other 
the 


could 


boilers, and I doubt whether 150 
boiler be 


time to accom 
plish the blowing off of the 


horse-power water-tube 


fired hard enough at any 
lighter-pres 
sure safety valves. Of course this is not 
which the are 


being fired with coal nor the grate sur 


a proposition in boilers 
face proportioned for the proper working 
the simply being 
the heat from the 
I would like to have the opin 
ion of readers on this 


of the 
to 
furnaces. 


boilers, boil rs 


ised utilize wastc 


W. E. G. 
Williamsport, Penn. 
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The Massachusetts License Law 


The Massachusetts Engineers’ License 
Law prescribes, among other things, that 
the examination of applicants shall be 
practical. By that it might be easily in- 
ferred that the prospective engineer would 
be examined exclusively with reference 
to his fitness to operate safely steam ma- 
chinery as used for the generation and 
transmission of power, and would not be 
compelled to expose his ignorance of the 
theoretical labyrinth of steam-engine de- 
sign. There is a growing impression 
among the engineers of Massachusetts 
that the inspectors have determined that 
few applicants shall receive the grade of 
license for which they apply, and this im- 
pression is strengthened by the remark of 
a former inspector that something must 
be done to prevent an over-production of 
engineers; and also by the statement of 
an inspector that under no circumstances 
would he constitute one of a board to 
examine a candidate who had appealed 
from the decision of another inspector. 

It may not be possible that any set of 
men in the public service can be, like 
Caesar’s wife, above suspicion, but such a 
condition is greatly to be desired. The 
insurance of safety of life, limb and of 
property is the only excuse for any law, 
license or otherwise; and it is doubtful 
if inspectors have even the legal, let alone 
the moral, right to use their position to 
restrict the supply of engineers by devi- 
ous torsions from original intent. Ques- 
tions like the following have been given 
to applicants: “How would you draw 
indicator diagrams for both cylinders of 
a cross-compound condensing engine of 
2500 horse-power, with 1/16 late admis- 
sion, economical compression, % cut-off, 
155 pounds initial pressure and 31 
pounds receiver pressure?” It is evident 
that the man who could comply with the 
requirements of this question would know 
enough to know that an engine fulfilling 
the conditions specified would be anything 
but economical, even though he succeeded 
in drawing a compression curve which 
would fit the inspector’s ideas of economy. 

Stationary engineers are employed for 
the purpose of operating machinery al- 
ready designed, the designing of engines, 
boilers, feed-water heaters and _ other 
power-plant apparatus being very prop- 
erly left to men engaged in that work. 

The estimation which the license 
laws are held by many of the class which 
these laws are supposed to benefit was ex- 
pressed by an engineer who holds a first- 
class license and a good position. He 
said: “If the engineer today can pass the 
examination required for a first-class 
would little, if anything, 
short of a fool to use this license, for 
with the knowledge necessary to pass the 
license he could command a salary in 
other lines double that paid to any sta- 
tionary engineer in the State.” 


in 


license, he be 
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Covering up Accidents 


An accident occurred in the steam de- 
partment of a large manufacturing plant. 
Several men were either killed or in- 
jured. A man was detailed from the 
staff of a technical paper to investigate 
the cause of the accident and write an ac- 
count for the benefit of its readers. The 
reporter was denied admittance and in- 
formation, and all employees were for- 
bidden to tell of the occurrence. 

It would seem that this is the wrong 
position to take. It is not disputed that 
the owners of plants have a_ perfectly 
legal right to exclude visitors, but the 
moral right to conceal facts from the pub- 
lic when accidents involving the loss of 
life or limb occur is disputed. The knowl- 
edge of the cause of failure in one in- 
stance might, and probably would, pre- 
vent a similar failure elsewhere—in the 
mines, the mills and the power plants 
conditions may exist identical with those 
where accidents have occurred, and an 
investigation may go a long way toward 
an insurance against a repetition involv- 
ing not only delay and loss of money, but 
loss of life as well. 

The average worker knows little or 
nothing of the safety of steam pipes or 
the strength of materials, and it is up to 
those who do know these things to make 
his daily work safe. Furthermore the 
public has to pay the cost of these acci- 
dents, in the increased prices of products, 
brought about either directly or indirectly 
through the accidents themselves. When 
information as to the cause of accidents 
is sought for publication, a denial of ac- 
cess to the scene is against the interests 
of society and morally criminal. 





“« Just as Good ”’ 





A friend, in complimenting Power 
upon the stand which it has taken toward 
the grafting engineer, says that the maker 
of high-priced machinery suffers particu- 
larly from this practice, because to push 
his price high enough to cover this “com- 
mission” makes it prohibitive, while it 
serves his competitor as a basis upon 
which to quote, the difference between it 
and the regular price of the goods being 
available for grafting purposes. 

Another practice which our correspon- 
dent complains also bears hard upon them 
as manufacturers of high-priced goods, is 
that of substituting. 
take a contract in which high-priced 
goods are specified. After the work is 
started he will go to the owner of the 
plant, without consulting in any way the 
maker of the high-priced goods, and tell 
the owner that the goods cannot be had 
under three or six months, and that he 
can get another make “just as good” in 
three weeks. The owner, naturally wish- 
ing to avoid delay, consents to the chang« 


A contractor will 
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and the contractor increases his profit by 
the difference between the specified and 
the cheaper material. 

Another contractor will not hesitate, 
when he desires to substitute something 
cheaper, to run down, criticize and libel 
the more expensive goods, to invent his- 
tories of disastrous experiences which he 
has had with them, to stigmatize them as 
“back numbers,” “out-classed,” and to 
chant the praises of the less costly sub- 
stitute which he has in mind. Their ex- 
cuses are so ingenious that they frequently 
fool good consulting engineers, as well 
as owners. It is, of course, absolutely 
dishonest when such direct misrepresen- 
tation as that quoted is resorted to, and 
it is little less so when, by personal in- 
terest, friendship, or any of the many 
influences by which men are driven to 
dispose of their wares, the judgment of 
the man who draws the specifications is 
set aside and an inferior article substi- 
tuted. 





The Effect of Compression 





A correspondent has sent us two indi- 
cator diagrams which present very marked 
differences. Both were taken from the 
same engine, with the loads alleged to be 
the same. One diagram is conventional, 
with a compression line rising to about 
one-half boiler pressure and meeting a 
plumb induction line, showing ample lead 
of the steam valves. The other diagram 
does not please the eye. There is no 
compression line, and the admission line 
falls inward to an extent which shows 
that full pressure was not realized until 
the piston was well started on its jour- 
ney. All the valve functious are late, and 
the difference in area of the diagrams is 
noticeable. The engineer asks why, with 
the diagram which lacks compression 
showing late admission and smaller area 
—and indicating consequent lower mean 
effective pressure—the power at the 
rim of the fly-wheel is the same? Doc- 
tors differ; but will it always, or even 
ever, happen as this engineer says it does 
happen to him? Some think that com- 
pression is necessary to arrest the mad 
rush of the piston and crosshead at the 
end of the stroke. Others claim that at 
the end of the stroke there is so little 
momentum left in the moving parts that 
a compression which equals the terminal 
pressure of the steam on the opposite side 
of the piston is all that is needed to take 
up all the slack in the journals and boxes, 
and start the parts off on their return 
journey without shock. 

If it is necessary to fill the clearance 
before the engine has passed the center, 
is it cheaper to fill it with new steam right 
from the boiler, or to use this new steam 
to run an engine to compress some old 
steam that has been used once? Does 
pressure in the cylinder while the engine 
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is on the center tend to accelerate or re- 
tard the motion of the fly-wheel? lf 
pressure in the cylinder cannot do any 
good at this time, will it cost more to 
keep it out until it can do some good, than 
to let it in where it possibly might do 
some harm? Will it require a greater 
indicated horse-power in one case than 
in another to develop the same brake 
horse-power ? 

At one time the steam engine had only 
one rival, the water-wheel. Of late two 
others have entered the lists, the turbine 
and the internal-combustion motor, and if 
the engine, particularly in large powers, is 
to retain the position it has held so long, 
that of being the cheapest form of trans- 
mission of energy into motion, every 
handicap must be sought out and lifted. 
Is it not possible and easy of accomplish- 
ment to determine which form of indi- 
cator diagram will show the least expen- 
diture of energy in the cylinder for a 
given result at the rim of the fly-wheel? 





Attending to Small Matters 





It is not often that the boiler room of 
the average steam plant gives evidence 
that the engineer-in-charge has given it 
any particular care. The engine room 
may be neat and clean and the bright 
work on the engine polished to perfec- 
tion, but the boiler room will tell the 
story as to duties, neglected or ignored, 
on the part of the engineer. If the con- 
dition of the boiler room is found above 
reasonable criticism it is almost a cer- 
tainty that the engine room and its con 
tents will be found in the “pink of con- 
dition.” We knew of an engineer who 
would not permit the doors of the engine 
room to stand open, because he delighted 
in keeping his engine and auxiliaries clean 
and in good condition. Other engineers, 
who were not so particuiar, called him 
“fussy.” 

It is useless to be over-particular in 
keeping track of the output of the sta- 
tion and the exact cost of each kilowatt- 
hour produced, if nothing is done to re- 
duce the cost of production in the boiler 
room. There is slight use in taking indi- 
cator diagrams of the engine each day, to 
ascertain the horse-power developed, if 
nothing is done to reduce the steam con- 
sumption. This is a practice with some 
engineers, and we have known an engi- 
neer to adjust the valves to get a good 
diagram for the office, and then change 
them back again for every-day operation. 
This shows that the engineer was ignor- 
ing conditions which should have been 
remedied. 

An engine may operate perfectly, as far 
as “pounds” are concerned, but if the 
engineer has allowed conditions to creep 
in which permit of excessive coal con- 
sumption, that engineer is making a great 
mistake in not ferreting them out and cor- 
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recting them. The business manager of 
a successful firm has all the details of the 
concern at his finger-tips, so to speak; the 
successful engineer knows the condition 
of the apparatus in his plant and also how 
his subordinates are doing their work. 

Very few engineers bother with their 
firemen, to train them to fire economically, 
but seem to be content if the proper steam 
pressure is maintained. This is a mis- 
take, and it stands to reason that if the 
engineer does not manifest an interest in 
the economy of the plant, so far as the 
coal-pile is concerned, the firemen will 
not. The only way to obtain the best 
work from subordinates is to treat them 
like men, asking their advice occasionally, 
even when the subject is thoroughly un- 
derstood by the questioner, and in this 
way create the impression that when the 
idea has been carried out (the proper 
method can easily be suggested without 
the other’s knowledge), the subordinate’s 
suggestion has been acted upon and the 
accomplishment is due in part, at least, 
to his ideas. No man lives who does not 
feel gratification in looking upon some 
undertaking in the completion of which 
he has had a part. In order to bring out 
the best in a man, it is only necessary to 
let him feel that he can be of some use 
other than in the humdrum of the day's 
work. This may not always be easy for 
some engineers to accomplish, because 
they have reached that stage where they 
feel it would be an unbending of dignity 
to do so, but it is far better to cast aside 
dignity, rather than to attempt to operate 
without the codperation of one’s 
ciates. 

Another little point (we say “little” be 
cause few seem to think it of sufficient 
importance to notice) is knowing the act 
ual operating expense of the plant and 
where the expense is made. It is doubt- 
ful if more than one in every one hun- 
dred engineers who read this is in a posi- 
tion to state what the operating expenses 
of his plant are. It will not do to figure 
on so many dollars for wages and so 
much for coal, water and supplies. The 
careful engineer has not only figured this 
out, but also the depreciation on the ma 
chinery, interest on the investment, cost 
of repairs and incidentals. If it is not 
known how much it costs to operate the 
plant, how is the engineer ever going to 
be in a position to reduce the cost of 
operation? Records are all right, they 
are essential, but if they do not 
where the loss is_ taking 
amount to but little. 

The large losses are easily found, but 
it requires considerable skill and persis- 
tent watching to find the small ones, and 
prevent their continuance. There are few, 
if any, steam plants where the economy 
of operation cannot be improved. There 
are many where, with proper care and 
attention on the part of the engineer, 
the cost of operation can be greatly 
reduced. 
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Experience in Buming Natural Gas 





By E. L. MAson 





When the writer took charge of the 
power house of the Garnett (Kan.) Elec- 
tric Light Company, on April 1, 1907, 
there were installed gas burners of a pat- 
tern designed for the use of steam. They 
were placed in the front of the furnace 
just, above the fire doors, and when in 
operation, using dry steam, the flames 
were as pretty a blue as one could wish. 
However, during the peak load we could 
not maintain the steam pressure by burn- 
ng gas alone. It had been the practice 
to use coal to help out until the load be- 
gan to go off. 

One evening I cut out the steam while 
firing with coal, as then the gas would 
not burn blue, and I was surprised to 
learn that I could maintain the pressure 
more easily than before. By experiment- 
ing it was found that more gas was re- 
quired to maintain a certain steam pres- 
sure when using steam in the burners 
than when not. It was therefore discon- 
tinued and records showed ‘a saving of 
nearly 17 per cent. 

The gas then burned yellow and 
smoked up the flues very badly, indicat- 
ing that not enough air was being mixed 
with the gas to produce perfect combus- 
tion. The air spaces in the mixers could 
not be enlarged, so we put in some so- 
called log burners, made of 7-foot lengths 
of 4-inch pipe drilled full of holes along 
the top. The gas, being introduced in 
small jets at the outer ends of the pipes, 
created a suction which drew in the air 
for combustion. These burners were 
placed in the fire doors, with a space of 
about 15 inches between them and the 
boiler. Test runs showed another sav- 
ing of 16 per cent. 

When firing light, the flames were 
about the proper shade of blue with cop- 
per tips, but when firing heavy they im- 
pinged on the comparatively cool surface 
of the boiler with the result that the tem- 
perature was reduced below the proper 
ignition point and the flame became yel- 
low and deposited some soot. 

About this time the gas company re- 
duced the pressure to 16 ounces, where 
before we had been getting about 8 
pounds, and the log burners had to come 
out. We next installed burners having 
clear air passages nearly 6 inches in diam- 
eter, with the gas introduced in jets so 
arranged around the periphery as to pro- 
duce a whirling mixture before reaching 
the fire. The flame is now white, but 
without smoke or soot. I am satisfied that 
we are now burning practically all the 
gas, and that the white flame, which 
teaches the whole length of the boiler, 
and beyond, is not as injurious to the 
boiler as the more intense blue flame, 
which was hottest at the front. 

When putting in the present burners we 
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built across the furnace a wall of fire- 
brick, laid open and reaching from the 
back end of the grate upward to the 
boiler. These bricks get white hot and 
assist materially in maintaining an even 
temperature in the furnace and prevent- 
ing the cooling of the gases below the ig- 
nition point. They also serve to retard 
the flow of the gases toward the rear end 
of the boiler. 

From the foregoing experience the fol- 
lowing deductions have been drawn: 

(1) It seems to be necessary that the 
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the burner retards combustion, although 
it prevents the formation of smoke and 
soot. More gas must be admitted with 
steam than without it. 

(4) There are four colors produced in 
burning natural gas: Green, blue, white 
and yellow. Of these, the green flame is 
the most intense, somewhat like the blow- 
torch flame, and should be avoided under 
a boiler by properly adjusting the mixers. 
The yellow flame is caused by an insuffi- 
cient supply of air or an improper mix- 
ing of the air and gas before entering the 
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proper quantity of air be intimately min- 
gled with the gas before it reaches the 
fire. Admitting air through the ash-pit 
merely cools down the furnace without 
aiding combustion; it rather retards it by 
lowering the temperature of the combus- 
tion chamber. 

(2) Natural gas can be burned eco- 


nomically where the draft is not sufficient 
to cause complete combustion of coal. A 
draft of one-half inch of water is suffi- 
cient. 

(3) The admission of steam through 





SECTION OF CHIMNEY DURING CONSTRUCTION 


flame. It results in much smoke and 
soot, and may be caused by faulty burners 
or ignorant attendants. The character- 
istics of white and blue flames have been 
described. 





A handy rule for determining the horse- 
power of an engine: Square the diameter 
of the cylinder and divide by 2. 

Seventy square feet of belt surface per 
minute will transmit one horse-power. 

A I-inch shaft revolving 100 times a 
minute will transmit one horse-power. 
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Wiederholdt Tile-concrete Chimney 


A system of reinforced tile-concrete 
chimneys is shown in the accompanying 
illustration. Fig. 1 shows the details of 
construction, consisting of H-shaped hard- 
burnt fire-clay tile, which makes a per- 
manent form, as shown in Fig. 3, and 
which is filled with concrete liberally re- 
inforced with high-carbon steel bars hav- 
ing an elastic limit of between 50,000 and 
60,000 pounds per square inch. These 
bars are allowed to lap at the joints suff- 














FIG. 2. 


COMPLETED CHIMNEY 


ciently to develop the full strength of the 
bar, thus providing a practically contin- 
uous steel reinforcement from the top to 
the bottom of the chimney. The base is 
also reinforced horizontally with steel 
bars calculated to resist temperature and 
wind stresses. The method of reinforce- 
ment is shown in Fig. 1. 

It is evident from this form of con- 
struction that all concrete surfaces are 
protected by the fire-clay walls of the H- 
tile forms, which become part of the per- 
manent chimney. By this method no tem- 
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porary wood-forms or framework are 
used, and danger of weakening the struc- 
ture by removing forms too soon, not 
allowing the concrete to set, is removed. 
Another point worthy of mention is that 
no lining or fire-brick is required. 

The foundations are said to be so con- 
structed that they will support the struc- 


“ture regardless of the surrounding earth 


formation, even with the wind blowing at 
100 miles per hour. 
of concrete, the being 
part cement and three parts sand. This 
concrete is reinforced with twisted or 
corrugated bars of iron placed in two 
layers parallel with the side and in two 
diagonal layers. The vertical bars acting 
as anchors for the chimney are imbedded 
in the foundation and allowed to project 
so that the foundation and chimney form 
a One-piece mass. Upon this foundation 
and between the projecting vertical rods 
the first course of tile is set in a bed of 
cement mortar and partly filled with 
cement and tamped into place. A _ hori- 
zontal steel ring is next introduced, and 
the tile filled for the remainder of the 
hight and well tamped. Upon this course 


They are composed 


proportion one 








593 


Westinghouse Receivers Discharged 


The Westinghouse Machine Company 
announces that the appointed 
October 23, 1907, by the Circuit Court of 
the United States for the Western Dis- 
trict of Pennsylvania, were on March 31, 
1908, discharged by the authority. 
All of the matters which made a tem- 
porary receivership expedient have been 


receivers 


same 


satisfactorily arranged, and the company’s 


position is greatly strengthened from 
every standpoint. All contracts made by 
the receivers for the sale of the company’s 
product, or for the purchase of materials 
will be 


though made by the company’s own of 


or merchandise, carried out as 


ficers. 
William H. Donner has been elected 
vice-president of the company, in direct 


responsible charge of all of its activities. 


A new composite pipe is being 
made which is claimed to be 
rodible and to be stronger than the ordi- 
nary form of pipe. The composite pipe is 
made up of two or more concentric tubes, 
one, the primary tube, being of strong and 


now 
non-cor- 

















FIG. 3. 


of tile and concrete is spread a layer of 
cement and mortar on which the next 
course of tile is set, the joints alternating 
with those of the preceding course. This 
process is continued throughout the build- 
ing of the chimney, the wet mortar form- 
ing a bed for the tile and making a bond 
between each course for the entire hight. 

Fig. 2 illustrates the first chimney ever 
constructed in this manner. It was built 
by the Wiederholdt Construction Com- 
pany, American Trust building, Chicago, 
Tllinois. 


PERMANENT TILE FORM 


comparatively inexpensive but easily cor- 
rodible metal of high melting point, such 
as iron or steel, whereas the secondary 
tubes are of metal having a relatively low 
melting point, such as lead, zinc, tin, or 
their alloys. Tubes made on this sys- 
tem have been adopted in the United 
States, where many cities have, it is 
stated, successfully used such composite: 
pipes for water mains. It is understood 
that a plant is about to be put down in 
this country to undertake their manufac- 
ture—Mechanical World. 
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Inquiries 


Questions are not answered unless they are 
of general interest and are accompanied by 
the name and address of the inquirer. 








Steam, Vapor and Gas 


I have read in some books that steam 
is a vapor, in others that it is a gas; 
again, that it is a vapor gas. Which is 
correct? 

EW. 

Dry saturated steam is a vapor. When 
superhcated it takes on some gaseous 
characteristics, but it is not superheated 
sufficiently in practice to be considered 
literally a gas. 


Three-phase and Single-phase Generator 
Capacities 

What is the difference in possible out- 
put of an alternating-current generator 
frame when wound for three-phase and 
for single-phase currents? 

So i. 

With equal percentages of loss, the ma- 
chine wound for single-phase work would 
have about two-thirds the capacity that it 
wou.d have if wound for three phases. 
In practice, however, it is customary to 
make the single-phase output about 70 to 
75 per cent. of the three-phase output, by 
sacrificing the efficiency slightly. 


Using a Dynamo as a Motor 


What changes are necessary to use a 

direct-current dynamo as a motor? 
SS. 

If the machine is shunt-wound, the 
only changes necessary are to cut out the 
field rheostat and provide a_ starting 
rheostat in the armature circuit. If 
it is a compound-wound machine, you 
must also reverse the connections at the 
terminals of the series field winding. 


Effect of a Synchronous Motor on an 
Alternating-current Line 


When a synchronous motor is used to 
raise the power factor of a line supplying 
current to induction motors, does it re- 
duce the meter readings at the induction 
motors, or only-.benefit the generators at 
the power house? 

M. B. W. 

It enables the generators to supply a 
greater load because the wattless com- 
ponent of the line current is reduced. It 
also improves the regulation of the gen- 
erators and thereby improves the per- 
formance of the induction motors on the 
line, but it does not reduce their meter 
readings as affected by their individual 
power factors. 


Four-pole Motors with Two and Four 
Brushes 


What is the difference between a four- 
pole electric motor having two brushes 
and one having four? Can a two-brush 
motor be run with four brushes advan- 
tageously? 

A. M. J. 
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The two-brush motor has two paths 
through its armature winding. It can be 
operated with four brushes or sets of 
brushes, but there is no advantage in 
doing so unless two sets of brushes have 
insufficient contact area for the current 
to be carried. A four-pole motor with 
four brush studs usually has a “lap- 
wound” armature, with four paths through 
the winding. 


Ignition Timing and Fuel Consumption 

A producer-gas engine running at less 
than full load will stand considerably 
more advance in the ignition timing than 
at full load, and when this extra advance 
is given, the governor closes the throttle 
slightly ; why is this? 

cE ee &. 

Ignition can be advanced more at light 
load than at full load, because the com- 
pression is lower and the mixture takes 
longer to become completely aflame. The 
governor reduces the supply with ad- 
vanced ignition because the mixture is 
burned more effectively, producing a 
higher mean effective pressure; conse- 
quently, less mixture is needed in order 
to give the mean 








effective pressure re- 
quired by the load. 
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Company, New York. Cloth; 509 pages, 
6x9 inches; 311 illustrations; indexed. 
Price, $3. 


“The Junior Institution of Engineers, 
Inc., Journal and Record of Transactions.” 
Percival Marshall & Co., London. Mo- 
rocco leather; 616 pages, 5x8 inches ; illus- 
trated; indexed. Price, $2.50. 


“Practical Steam and Hot Water Heat- 
ing and Ventilation.” By Alfred C. King. 
Norman W. Henley Publishing Company, 


New York. Cloth; 402 pages. 534x9 
inches ; 304 illustrations; indexed.. Price, 
$3. 


‘ which heading arranged 
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Book Reviews 





ELECTRICAL ENGINEERS’ Pocket Book. By 
William H. Fowler. Published by the 
Scientitic Publishing Company, Man- 
chester, Eng. Leather-covered boards; 
704 pages, 4x6 inches; illustrated. 
Price, 2 shillings 9 pence, posipaid. 

This is the 1908 edition of Mr. Fowler’s 

electrical annual, and it bears evidence of 
considerable revision, notably in the sec- 
tions devoted to dynamos and motors. 
The compiler remains contented, however, 
with some rather ancient discussions of 
the magnetic circuit and sparking tendency 
of direct-current machines, and gives but 
scant consideration to measuring instru- 
ments. Nevertheless, the little book con- 
tains a great deal of useful information 
and is well worth the modest price at 
which it is sold. 


THE ENGINEERING INDEX ANNUAL. Pub- 
lished by The Engineering Maga- 
zine, New York and London. Cloth; 
435 pages, 61%4x9% inches. Price, $2. 

He would be a valuable man who 
possessed all the knowledge pertaining to 
his particular line as it develops from 
week to week and month to month. The 
next best thing to knowing a thing is to 
know where to find it out. “The Engi- 
neering Index” as it appears from month 
to month in The Engineering Magazine 
gives under appropriate headings and 
classifications an indication of the char- 
acter and length of articles which have 
appeared during the preceding month in 
current engineering literature. At the end 
of the year these’ various items are classi- 
fied into the volume under review. In 
the classification the Power reader would 
find, as one of the eight main headings, 

“Mechanical Engineering,” for example; 

and among the ten sub-headings in this 

division, “Steam Engineering,” under 
alphabetically, 
from “Blow-off Tanks” to “Water Ham- 
mer,” he will find paragraphs descriptive 
of all the articles of apparently permanent 
value which appeared upon this subject 
during 1907, sufficiently definite and com- 
plete to enable him to order the publica- 
tions containing them, or to consult them 
upon the shelves of an engineering library. 
This is the second volume of the work 
issued in annual form, which manner of 
presentation enables the publishers to 
place it before its users much more 
promptly than were the previous volumes 
extending over a number of years. The 
list of periodicals included comprises 
some 250 publications, three-quarters of 
which are printed in English and’ ‘the 
other quarter in the five leading other 
languages. The publishers hold them- 
selves ready to supply, if not out of print, 
the full text of every article indexed, to- 


gether with the accompanying illustra- 
tions. 
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Machinery and Appliances 


Descriptions of Power Devices 





MUST BE NEW OR INTERESTING 


Toledo Pipe-threading Machines 
and Vises 


Fig. 1 shows an adjustable pipe-thread- 
ing device desired to meet most require- 
ments. The area of the cutting surface 
of each die has been reduced to minimum, 
few teeth are required and the “rake” of 
the teeth is such that the points do all 
the cutting. Owing to the gradual but 
constant expansion of the dies as the 
thread is being cut, a standard-taper 
thread is obtained and binding of the dies 
is said to be eliminated. Each die rests 
against a taper pin fixed in a plate which 
rotates with the die-head and these pins, 
projecting through the head, present their 
gradually receding surfaces to the rear 
end of the dies. As the dies progress in 
cutting the thread, they bear back against 
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Akron Double Copper Gasket the corrugations are just alike so that they 
= fit snugly together. If the gaskets do not 


Many steam fitters complain that or- correspond in corrugation when put in 
dinary gaskets, one in a flange, do not al- double, they are very apt to cause trouble. 
ways make good joints when used on dif- To meet this demand the Akron Metal- 

















FIG. I. ADJUSTABLE RATCHET THREADING 
DEVICE 


the tapering surfaces of the pins, the 
range of variation being standard taper. 

The thread-cutting tool shown in Fig. 
1 is of the ratchet type, adapted for 
threading pipe in contracted places, as 
against walls, between floors or beams, 
etc. Fig. 2 shows a geared adjustable 
threading device, the construction of 
which is clearly seen in the illustration. 
The dies are of the design already de- 
scribed. 

Fig. 3 shows four applications of a pipe 
vise. . Owing to the construction, the 
yoke holding the upper jaw will not drop 
off of the wide machine screw. The 
lower jaws are part of the base casting. 
The jaws have a linear gripping surface 
of 134 inches and are designed to hold 
valves, tees, ells and other fittings tight, 
and if used on brass or nickel-plated pipe 
will not mar it. These devices are manu- 
factured by the Toledo Pipe Threading 
Machine Company, of Toledo, O. 

















FIG. 2. GEARED ADJUSTABLE THREADING DEVICE 

















FIG. 3. PIPE VISE USED FOR DIFFERENT PURPOSES 


ficult work. This has led to the practice lic Gasket Company, of Akron, Ohio, has 
of putting two copper gaskets in each put upon the market the “Akron Double” 
joint. This gives good results when the copper gasket made of two thicknesses of 
gaskets are not too hard and also when’ copper spun one upon the other, so that 
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the corrugation is sure to match. After 
softening by annealing, they are coated 
with a metal cement to insure perfect con- 
tact with the flanges. The result is a 
gasket of sufficient thickness to make and 
keep any joint tight, and yet sufficiently 
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shown and relieves the pressure under the 
main outlet valve which allows the in- 
ternal trap pressure to act upon its upper 
surface, and force it down. The accu- 
mulated water is then discharged from 
the trap down to the low-water line in 
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Automatic Air-closing Device for 
Boiler Furnace 





A new automatic device for control- 
ling the formation of smoke in the‘furnace 

















AKRON DOUBLE COPPER GASKET 


pliable to meet all the irregularities in the 
surfaces. 





The Vance Steam Trap 


Another new steam trap which has re- 
cently been put on the market, known as 
the Vance, is manufactured by the Con- 
solidated Manufacturing and Supply Com- 
pany, Fulton building, Pittsburg, Penn. 

The trap consists of a shell with a re- 
movable top which is made tight by means 
of a gasket as shown. At the right- 
hand upper corner of the illustration is 






































SECTIONAL VIEW OF THE VANCE STEAM TRAP 


and water 
shown at 


the 
discharge is 


shown 
the 


steam while 
center. 
The condensation flows into the bucket 
shown in the body of the trap, which 
when full sinks, due to its weight, and in 
so doing opens the small 


inlet, 
the 


valve 


auxiliary 














FIG, I. 


the bucket, when it rises and closes both 
the auxiliary and main outlet valves. 

As the low-water line in the bucket is 
always the end of the dis- 
charge pipe in the bucket, the trap is 
always water-sealed at the bottom. By 
the bonnet at the top, to 
which are attached the auxiliary valve and 
seat, they may be inspected, reground, or 
reuewed with little trouble. 
ary 


above lower 


unscrewing 


The auxili; 

has a slip-joint connection to 
. 

the wing guide and is kept perfectly true 


valve 


CLOCK MECHANISM FOR FOUR BOILERS 


a boiler by regulating the steam and 
air supplies, is being manufactured by the 
Climax Smoke Preventer Company, 202 
Equitable building, Boston, Mass. 

The device is operated by a timing ar 
rangement, shown in Fig. 1, which is capa 
ble of timing four boilers. It is controlled 
eight-day clock movement. At 
tached to the shaft of the minute hand 
is a shaft which varies in length according 
to the number of boilers it is to control 
On this shaft are mounted necessary disks 


or 


by an 


Wiring Diagram 
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FIG. 2. WIRING DIAGRAM 
to seat by the cage guide. The main notched on the rim at 7!4-minute inter 
valve seat is also removable and acces- vals. On the opposite side of each disk 
sible for inspection. The large valve ar- is a small brass pin. Between the notches 
rangement of the Vance tfap enables it holes are drilled in the disks and spaced 
handle large amounts of condensation at one-minute intervals, but pins are only 


with despatch. 





driven into such holes as correspond to 
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the time at which the mechanism is re- 
quired to be tripped. 

A fiber rod is provided, upon which are 
placed two brushes for each disk, one of 
which makes contact with the pins oppo- 
site the notches, while the other makes a 
contact with the timing pins. Fastened to 


the shaft operating the second-hand, 
which revolves once each minute, is 
a wheel equipped with five arms, which act 
as contact points. A spring connected to 
one side of a battery, the other side being 
grounded, is so arranged that it strikes 
the contact points. A pawl is arranged 
above each disk which rests on the rim 
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Obituary 


Ferdinand Philips, president of the 
Philips Pressed Steel Pulley Works, died 
March 26 at his home in Philadelphia. 

Edward Quinton Terry, a well-known 
hydraulic and mechanical engineer and in- 
ventor, died April 6 at his home in Hart- 
ford, Conn., after a week’s illness from 
pneumonia. Mr. Terry was born in Terry- 
ville, Conn., in 1850 and was graduated 
from the Yale Sheffield Scientific School 
in 1871. He was secretary of the Farm- 
ington Power Company, president of 





















































FIG. 3. 


of the wheel when the disk is revolving, 
until it comes to one of the notches, when 
it drops into the notch and stops the disk. 

When the furnace door is opened the 
shaft is revolved and the contact piece on 
the boiler front, which has been resting on 
the fiber insulating piece (see Fig. 2) makes 
contact with the ground and forms a cir- 
cuit through the bush, and the current, 
passing through the solenoid coil, lifts the 
pawl and allows the disk to revolve until 
the timing pin comes in contact with its 
brush, which closes the circuit through 
the solenoid coil on the front of the boiler, 
which is drawn up and, hitting the arm of 
the tripping device, releases a spring, and 
the steam and air are shut off. At the 
same time the circuit is broken at the 
boiler front by the contact point resting 
against the insulating piece of the collar, 
and the disk at the clock revolves until 
the pawl reaches the notch on the disk. 
Fig. 2 shows the wiring diagram, while 
Fig. 3 the arrangement of the 
necessary apparatus on the boiler front. 


shows 





Five men were killed and one severely 
injured by the explosion of a boiler in a 
shingle mill near Everett, Wash. The 
iccident occurred on April 1. 


APPARATUS ON 


BOILER FRONT 


the Terry Steam Turbine Company and 
a member of the American Society of 
Civil Engineers. 





The valley of Po-shan, in which are 
the district towns of Po-shan and Tzu- 
chuan, is about 20 miles long and from 
200 yards to nearly 6 miles broad, accord- 
ing to United States consular reports. 
The whole of this valley is a vast bed of 
coal, situate at a deeper level in the mid- 
dle and appearing on the surface at the 
edges, where it has been forced upward 
by the pressure against the limestone of 
the surrounding hills. At the northwest 
exit of the valley the coal bed is inter- 
rupted by a chain of limestone hills, but 
it commences again and continues in un- 
diminished quantity in a westerly direc- 
tion for another 20 miles. The best qual- 
ity of anthracite is found near the surface 
in the Heisham valley. It is principally 
used in manufacturing coke, which, owing 
to its lightness, can be transported far- 
ther by wheelbarrow the heavier 
Unfortunately the Chinese have of 
late been unable to cope with the water in 
the shaft, and most of the mines have 
been obliged to suspend work 


than 


coal. 
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Business Items 


The Youngstown Sheet and Tube Company, 
of Youngstown, Ohio, recently let contracts 
for 500-kilowatt Allis-Chalmers syn- 
chronous motor-generator sets, intended for 
operation in connection with two Aliis-Chal 
mers steam turbines and generators, each of 
1500 kilowatt capacity, ordered some time 


ago 


three 


John MacCormack, M. E., and §8. E. 
Bryner, for many years prominently identl- 
fied with the sales department of the A. A. 


Griffing Iron Company, Jersey City, N. J., 
have opened an office at 718 Broadway, 


Bayonne, N. J., under the firm name of Mac- 
Cormack & Bryner. They will act as con- 
sulting engineers and sales agents for power- 


plant and steam specialties. 


The Northern Engineering Works, Detroit, 
Mich., reports recently shipping to the Ned- 
erlandsche Gist en Spiritusfabrik, Deift, 
Holland, an overhead track system consist- 
ing of approximately 500 feet of overhead 
track with hangers, switches, etc., and an 
electric one-ton trolley-hoist, 2-motor alter- 
nating-current design, to travel on the over- 
head track. 


Fred K. Potter, for many years connected 
with the Capell Fan Engineering Company, 
has been appointed manager in the Pitts- 
burg district for the Sirocco Engineering 
Company. Mr. Potter's offices will be in the 
Keenan building, Pittsburg. It is only re- 
cently that the Sirocco fans and blowers have 
been manufactured in the United States, at 
the new plant of the Sirocco Company at 
Troy, New York. 


The business of the Curtis & Curtis Com- 
pany, of Bridgeport, Conn., manufacturer of 


the Forbes patent die stock, continues to 
show encouraging signs of improvement. 
Unusually large shipments have recently 


been sent from the works on export delivery. 
which includes six machines to Russia, five 
to Australia, five to England, four to Kobe, 
Japan, four to Yokohama, Japan, three to 
Mexico and several to South America and 
British Columbia. This, with a fair domestic 
business is very gratifying. 


The Companhia Docas de Santos (Santos 
Dock Company), through whose docks most 
of the coffee exported from Brazil passes, has 
recently placed a large order with the Gen- 
eral Electric Company for the complete elec- 
trical equipment of its sub-station and docks 
at Santos. Besides furnishing power for the 
docks, the sub-station will also supply energy 
for light and power to various other enter- 
prises thereabout. Power is supplied at a 
line potential of 40,000 volts by a hydro- 
electric plant some 35 miles from Santos, the 
equipment of which was furnished by the 
General Electric Company two years ago. 


The Green Fuel Economizer Company, of 
Matteawan, N. Y., has just published “The 
Book of the Economizer,”’ containing 160 pages 
and replete with illustrations. This is no mere 
catalog, for it goes into diversified engineering 
topics which interest all who operate, manage, 
or design steam-power plants. Of course the 
history and merits of the Green fuel econo- 
mizer are not neglected. Some of the topics 
treated of are: The absorption of heat by 
different parts of the boiler surface; the relative 
economy of boiler surface and economizer sur- 
face under various conditions; methods of deter- 
mining the economy of additional heating 
surface from the load curve; the effects of oil 
fuel, high steam pressures and superheat on 
boiler economy; methods of measuring the 
temperature of flue gases; and reports of vari- 
ous tests of boiler plants containing economizers. 








New Equipment 





A. Pace. Danville, Ark., contemplates in- 
stallation of water-works. 

The Elkton (Va.) Milling Company, con- 
templates installing an electric-light plant. 

The city of Ruston, La., has voted $50,000 
bonds to improve its water-works and electric- 
light plant. 

Etowah (Tenn.) Electric Light and Power 
Company contemplates the construction of 
an electric-light plant. 

" The plant of the Milledgeville (Ga.) Ice 
Works, which burned recently, will be rebuilt 
on a more extensive scale. 


The city trustees of Lodi, Cal., have voted 
a bond issue of $76,000 for light and power 
plant and water-works system. 


It is announced that the Scranton (Penn.) 
Railway Company will build a new power 
station. A. S. Kibble, chief engineer. 


The sub-station of the Union Electric Light 
and Power Company, St. Louis, Mo., was 
destroyed by an explosion. Loss $25,000. 


Plans are being made to install two new 
boilers in the municipal electric-light plant 
at Westfield, Mass., to replace the old ones. 

The Village Council, Belle Center, Ohio, is 
contemplating making improvements and ad- 
ditions to the municipal electric-light plant. 

Contract has been awarded by the Pine 
Bluff (Ark.) Light and Water Company for 
the construction of a power plant and 
reservoir. 


The Madison (Ga.) Milling and Manufac- 
turing Company will establish an ice plant 
at a cost of over $12,000, also flour and 
grist mill. 

The Menominee (Mich.) Light and Trac- 
tion Company will build a $40,000 power 
plant at Chappee Rapids, four miles from 
Menominee. 


The Mulberry (Ark.) Ice and Light Com- 
pany has been organized with $10,000 capital 
stock for the purpose of erecting a light 
plant and ice factory. 


The Lebanon (Ore.) Electric Light and 
Water Company is planning extensive im- 
provements to the water and light plants. 
J. S. Hughes, manager. 


It is reported that the People’s Water Com- 
pany, of Oakland, Cal., will expend about 
$10,000,000 during the next four years for 
improvements to its water supply. 


The citizens of Sylvester, Ga., voted to 
issue $10,000 bonds for the construction of 
water-works and an_ electric-light plant. 
McCrary & Co., Atlanta, Ga., engineers. 


The city of Griffin, Ga., will vote on 
issuance of $100,000 bonds for construction 
of water-works and sewerage system. Plans 
are being prepared by FE. H. Davis, Griffin. 


The Cotton Plant (Ark.) Light and Power 
Company, recently incorporated, will estab- 
lish an electric-light plant at a cost of 
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New Catalogs 


Coatesville Boiler Works, Coatesville, Penn. 
Catalog. Boilers, steel stacks, cooling towers, 
ete. Illustrated, 6x9 inches. 

Bausch & Lomb Optical Company, Roch- 
ester, N. Y. Pamphlet. “Triple Alliance in 
Optics,” giving history of the company. 


General Electric Company, Schenectady, 
N. Y. Bulletin No. 4570. GE Tungsten 
lamp for standard lighting service. Illus- 
trated, 4 pages, 8x10% inches. Bulletin No. 
4573. Lightning arresters for alternating- 
and direct-current circuits. Illustrated, 30 
pages, 8x10%4 inches. 





Help Wanted 


Advertisements under this head are inserted 
~~ 25 cents per line. About siz words make 
a line. 


V’ ANTED—Thoroughly 


competent steam 
specialty salesman; 


one that can sell high- 
grade goods. Address ‘‘M. M. Co.,’’ PowEr. 


AN ENGINEER in each town to sell the 


best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St,. Chicago. 


WANTED—An_ engineer, thoroughl fa- 
miliar with Curtis turbines and auxiliaries, 
electric switchboard, etc.; state experience 
and give age and references. Address P. O. 
Box 17, Pawtucket, R. I. 


SALESMAN for your State for remarkable 
fuel and labor saving device for boilers, selling 


for $50.00. Over 20,000 in use in the U. S. and 
Canada. Also hardware salesman to carry 
as side line our wonderful newly patented 


spirit level. 
etroit, Mich. 


WANTED-—Salesman_ on 
high grade og specialties. 
experience, C 
Boston, Mass. 


WANTED—FEngineers who can give all, 
or part of their time to selling our standard 
steam specialties to the trade. Liberal com- 
mission given to men who have the ability 
to sell the best economic appliances on the 
market. Goods well known and of highest 
reputation. Burrows Mfg. Co., York, Pa. 


Diamond Power Specialty Co., 


commission _ for 
Address, stating 
has. T. Luce Co., 160 Congress St. 


Situations Wanted 


Advertisements under this head are inserted 
for. 25 cents per line. About six words make 
a line. 


ENGINEER will oy | $50.00 commission to 
anyone who secures or helps him secure a posi- 
tion as engineer, assistant engineer or station 
= in Rocky mountains or West. Box 44, 
OWER. 


POSITION as_ hydraulic dredge operator, 
by young man with five years’ experience as 
operator, also hold first-class Minnesota engineer’s 
license. Can furnish best of references. Ad- 
dress A. B., 930 Juniper Ave., Superior, Wis. 


POSITION by experienced gas and steam 
engineer. Have been with present employer 
two years, in electric plant. Single, sober and 
not afraid of work. ill go a. Can 
give references. Address D. D. R., Box 383, 
Alma, Kansas. 

POSITION as assistant engineer in 
not over 800 h.p. Experienced wit 
Corliss and slide valve engines, 
and feed pumps, 


lant of 

both 
also boilers 
Can give references. Ad- 


‘light or power station. 
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FIRST-CLASS LICENSED ENGINEER now 
employed by a large manufacturing company 
wishes to make change. Experienced with 
all types of boilers, engines and generators. 
Would like position as chief of 1,000 or 1,500 
horse-power plant. Married; sober and reliable; 
Pittsburg license. Location west of Pittsburg 
preferred. Box 61, PowEr. 


TRAVELING BOILER INSPECTOR (insur- 
ance) would like to change occupation to trav- 
eling salesman. Only business-like proposition 
 }. ae “‘Inspector,’”’ 340 Oneida St., Utica, 


POSITION as electrical engineer wanted. 
Four years’ experience with Buckeye engines, 
Westinghouse and General Electric a. c. and 

c. generators. Good references. Box 60, 
POWER. 


WANTED—A position as engineer in electric 
Have had experience 
with high and low speed engines, a. c. and d. c. 
generators and motors. Am 31 years old, 
married, sober and willing to work. Am a 
student in I. C. S. Would prefer the South 
or West. Box 59, PowEr. 


POSITION as engineer. Have nine years’ 
experience with steam and gas engines and 
pumps; also electrical machinery. Hold steam- 
electric diploma. Am strictly sober and reliable; 
refer Central States or vicinity. Expect 
75 per month. Address Box 58, Power. 


Miscellaneous 


Advertisements under this head are 
for 25 cents per line. 
a line. 


A large company in England is just mar- 
keting a new improved mechanical stoker 
and water gas generator. Inventor has re- 
tained U. S. patent rights and wants partner 
to join him in manufacturing it. For inter- 
view and particulars address Box 39, POWER. 

Have a non-poisonous compound that will 
absolutely prevent incrustation and corrosion 
of boilers. _Used by British Admiralty, Rus- 
sian and French governments and principal 
English railroads. Have bought American 
rights and want partner to help market same 
in U. S. For samples and particulars address 
Box 38, PowErR. 

FOR FIFTEEN CENTS I will send printed 
formula for making Webber’s Metallic Packing; 
easy to use and durable. M. E. Webber, Lester- 
shire, N. Y 

WANTED—To buy a second-hand 150 h.p. 
open-feed water heater. Address Ayers Min- 
eral Co., Zanesville, Ohio. 


For Sale 


_ Advertisements under this head are 
for 25 cents per line. 


inserted 
About six words make 


inserted 
About six words make 


a line. 

FOR SALE—Air compressor, boiler heater 
and six pumps. King Oil Co., Humboldt, 
Kansas. 

FOR SALE—One steel stack 46 inches 


diameter by 94 feet long; comparatively new. 
Box 57, Power. 

FOR SALE—An Armington & sims engine, 
direct connected to two 50 k.w., 125 volt, d.c. 


generators. One 90 h.p. Armington & Sims 
engine, 13x13”. Box 57, PowEr. 
150 HORSE-POWER tandem compound 


Corliss engine; in good order; 16-ft. fiy-wheel. 
F. W. Iredell, 11 Broadway, New York. 

FOR SALE—20x48 Wheelock engine and 
two 72”x18’ high pressure tubular boilers in 
good condition, cheap. dress ‘‘ Engineer,” 
Box 2, Station A, Cincinnati, Ohio. 

FOR SALE—One 200 k.w. 125-250 volt 
d. c. three wire Westinghouse generator, direct 
connected to 16-28-18 vertical compound Ball 
engine, 200 r. p. m., 150 pounds steam pressure. 
Above unit has been replaced by a larger unit 
and can be shipped at once. Address Wm. 




















dress Geo. C. Johnson, 805 Kickapoo St., Hia- G. Boyle, Supt. Central Power Plant, Estate 

$10,000. E. P. Ford, manager and engineer. watha, Kansas. of Henry W. Oliver, Pittsburg, Pa. 
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25,000 Horse-power Blooming-mill Engine 


Features Involved in the Design and Construction of a Monster 
Reversible Rolling-mill Engine at the Carnegie Steel Works 





B Y 


The accompanying Figs. 1 and 2 show 
a horizontal twin-tandem compound re- 
versing blooming-mill engine recently 
built by the Allis-Chalmers Company and 
installed at the Carnegie Steel Company’s 
South Sharon (Penn.) works. 

This engine is designed to operate con- 
densing with 150 pounds boiler pressure, 
and to run at a maximum speed of 200 
revolutions per minute, under which con- 
ditions, being equipped with a valve-gear 
capable of cutting off as late as three- 
fourths stroke, it will develop 25,000 
horse-power, making it the most powerful 
rolling-mill engine in the world. 


The two high-pressure cylinders are 


FIG. I. 


each 42x54 inches and the two low-pres- 
sure 70x54 inches. They are of the bal- 
anced piston-valve type, having one valve 
for each of the high-pressure cylinders 
and two for each of the low-pressure. 
Each end of each cylinder is fitted with 
a spring relief valve, set slightly above 
boiler pressure, to relieve the cylinder 
from condensation water. 

This engine, without its 
measures 56 feet long, 26 feet wide and 
18 feet high and weighs 550 tons. 

The tremendous and_ shocks 
caused by the suddenness with which 
the load changes from minimum to max- 
imum, the almost instantaneous stalling 
of the engine as the rolls bite the ingot, 


foundation, 


strain 
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the sharp reversing of the machine from 
one direction of rotation to the opposite, 
and the high speed acquired at the end 
of the pass and just preceding the re- 
versal, all subject the reversing blooming- 
mill engine to a more severe test than per- 
haps any other class of machinery of such 
dimensions. 

In order to provide for withstanding 
these shocks without liability to delay 
or disablement by distortion, heating or 
breakdown, and at the same time to main- 
tain in good order, for indefinite periods 
of time, an engine so delicate as to re- 
spond instantly and with precision to the 
will of the operating engineer, it was 


of the highest importance that every de- 
tail and the lines of the engine in general 
should receive that careful and painstaking 
study, as‘ well as accuracy in shop treat- 
ment, which only past experience, scien- 
tific methods, good workmanship ani mod- 
ern machine-shop equipment can afford. 
The various problems of the most vital 
importance which engaged the attention 
of the builders during the design and 
construction of this engine, were in part 
as follows. 
RIGIDITY OF ALL STATION- 
ARY PArTS 


STABILITY AND 


To accomplish this in the most thor- 


ough and substantial manner, the main 


* & 3 


BE 


frame and slide for each side was cast, 
in one piece, forming two of the most 
used in a steam 
One of the castings weighs 115 
tons, the other 105 tons (see Fig. 5). 
Between these two huge castings is a 
distance piece, also very heavy, accurately 
planed, and the parts firmly drawn to- 
gether by forged steel links, so lending 
strength and firmness to the three main 
bearings, which, when once brought into 
alinement with the roll train, makes it 
absolutely impossible to distort or change 
the setting. Secured to these frame pieces 
and extending back under the entire en- 


gine, are heavily ribbed foundation plates 


massive castings ever 
engine. 
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12 inches deep, which are fitted to each 
other and also to the main frames by 
planed joints of the tongue-and-groove 
type, and securely tied together by forged 


steel links of unusually large dimen- 
sions. 

This 350 tons of cast iron was laid 
upon a foundation built of 1700 cubic 
yards of solid concrete, then leveled 
and grouted and made fast by forty- 
two 3-inch bolts, extending downward 
18 feet into the masonry. This mass 
of material forms the backbone of 
the engine and affords an unyielding 


anchorage far in excess of any strain to 
which the machine can possibly be sub- 
iected 
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EXPANSION AND CONTRACTION 
In those parts of a steam engine which 
are subjected to the influence of steam 
heat, alternate expansion and contraction 
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details in contact with them, it was con- 
sidered equally important that provision 
should be made for the freedom of the 
parts affected by these changing condi- 
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are, of course, unavoidable; and while in tions. For this purpose grooves were 


certain parts of this engine rigid and un- 
yielding qualities were provided, so also 
in other parts, as the four steam cylinders, 
the steam and receiver piping and other 


planed in the foundation plates in accurate 
alinement with the center-lines, 
and corresponding tongues on each cylin- 
der, so as to permit longitudinal expansion 


engine 
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and contraction without undue strain or 
buckling. For the same reason, balanced 


expansion joints and carefully lJaid-out 
pipe lines were adopted. 
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CoMPOUNDING 


The economy gained by multiple expan- 
sion in a rolling-mill engine is very un- 
certain. For the compound engine to 


give its best results, it should be run 
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under constant load and for long periods 
without stopping. But rolling-mill con- 
ditions, especially in the blooming mill, 
are exactly the opposite. In a reversing 
blooming mill in which the passes are 
very short, reducing the ingot to perhaps 
a 12x12-inch bloom, the disadvantages of 
reversing every few seconds are very ap- 
parent. Under such conditions the 
changes are sudden and severe, ranging 
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reduced to the minimum and the surface 
pressure is better distributed. 

In an engine of this type the crank-pin 
is doubtless more severely abused than 
any other part. The most severe stress 
on the crank-pin occurs at that moment 
when the ingot enters the rolls. This 
shock, of course, may happen at any point 
of the stroke, and if it occurs at or near 
mid-stroke when the crank-pin is moving 
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from excessive overload even to stalling, 
to “all off” at the end of each pass, and 
all within a few seconds, and repeated 
in rapid succession, the treatment of one 
ingot lasting only about one and one-half 
minutes. This materially offsets the econ- 
omy sought by compounding. 

But if the mill can be made to reduce 
the ingot to, say, 4x4-inch billets, the heat 
being retained as the delays ‘by stalling 
become less, the length of the pass in- 
creasing thereby and the load becoming 
more constant and for longer periods, 
then a decided gain may be anticipated, 
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FIG. 4. 
and the more so providing the engine is 
condensing and has a sufficiently high boil- 
er pressure available. 


STRESSES 
Another special point in this engine 
lies in the fact that the entire valve-gear 
is without overhanging pins. These pins 
are carried by double arms and are sup- 
ported at both ends; thus, the stress be- 
ing central, the fiber stress in bending is 


4 


at its highest velocity, the sudden and 
sometimes unyielding resistance, often 
sufficient to bring the engine to rest in a 
moment of time, throws a stress on the 
pin which is liable to exceed even the 
maximum inertia effect at the end of the 
stroke. 


DEFLECTION 
For the successful operation of such 
an engine, it is also highly important that 
the weight-carrying members, which are 
subject to deflection, should yield only 
in the smallest possible degree; this is 


WL, lf PH 
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the main crosshead through the low-pres- 
sure piston to an intermediate crosshead 
located between the two cylinders. In 
this way the low-pressure piston, which 
is preferably of cast steel, to reduce recip 
rocating weight, is carried of the 
cylinder, and the limited deflection of the 
rod prevents the liability of cutting by 
contact between the cast-steel piston and 
the walls of the cast-iron cylinders. 

The high-pressure piston has a solid 
rod and no tail-bearing. [ 


free 


The reason for 
this is that the high speed contemplated, 
200 revolutions minute, forbids 
additional reciprocating weight afid 


consequent additional inertia effects. 


the 
the 


per 


INERTIA EFFECTS 

Under the head of “Inertia Effects” lies 
a problem of more than ordinary im- 
portance. Significance in this engine is 
multiplied on account of the pre-deter 
mined high speed, never before attempted 
in an engine of such magnitude under like 
conditions. Inflexible natural laws set the 
of engineering and 
make it imperative that the danger point 
be approached cautiously. Since, 
therefore, the problem was bounded by 
two limits, namely, the natural laws on 
the one hand, and on the other the high 


limits achievement 


very 


speed demanded by circumstances beyond 
the builders’ control, there remained but 
one solution and that about as follows: 

In the first place, the weight of the 
reciprocating parts must be reduced to 
the minimum consistent with strength, 
and not a pound of metal used that could 
be dispensed with. 

In the next place, all reciprocating parts 
must be made of the very best quality of 
material, so that the stress 
inch might be carried as high as necessary 
and yet remain within the safe limits of 
the strength of the material used. For 
instance, the best quality of open-hearth 
steel, perfectly sound and carefully ma- 
chined, having an elastic limit of 36,000, 


per square 








+Exbaust ___, 














, + 














DIAGRAM SHOWING OPERATION OF THE 


especially important in the main shaft 
and the piston-rods. With this in view, 
the main shaft was made hollow and pro- 


portionately larger in diameter. For, even 


though there be no fly-wheel to cause de- 
flection, the “on and off” nature of the 
work demands that perfect alinement be 
maintained in order to avoid all possibil- 
ity of heating. 

The low-pressure piston-rods were also 
hollow, 


made the hole extending from 





REVERSING 


GEAR 


and an ultimate strength of 70,000 pounds, 
may be depended upon to carry safely a 
load entailing a fiber stress 
gooo pounds per square inch 

In the third place, since the surface 
per inch the 
pins, due to the inertia of the reciprocat 
ing parts, approaches more nearly the dan- 


as high as 


pressure square on crank 


ger point than that on any other part of 
the engine, ample surface should be pro 


vided. Experience has shown that this 
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pressure may reach as high as 2500 pounds 
per square inch, with safety, providing 
the crank-pins are made of high-carbon 
steel and the babbitt in the connecting- 
rod boxes is of the best quality and prop- 
erly supported against crushing. The ra- 
tio of connecting-rod to crank length be- 
ing 5.5 to I, the inertia curve is as shown 
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the crank-pin least favorable to trans- 
mitting the necessary power, has always 
been a serious problem for the engine 
builders to solve. In this instance, how- 
ever, five features have been included by 
which this stalling tendency has been re- 
duced: First, the duplex feature of the 
machine, with cranks set at 90 degrees; 
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in Fig. 3. From this curve the force at 
any crank angle may be read, and it will 
be seen that the maximum is at the head 
end and represented as 1.182, making the 
force F at that point, for a speed of 150 
revolutions per minute, 


5 Ww Vv? 
P= eR x BrGa, 
where 
W = 31,000 pounds, 
V* = 1240, 
g= 3a, 


R= Radius of crank = 2.25 feet. 


Substituting these values, 


Fa 31,000 X 1249 X 1.182 


32.2 X 2.25 
632,000 pounds. 





The crank-pin being 20x14, the pressure 
per square inch becomes 


632,000 


380 2257 pounds. 


Of course, while the engine is under 
steam, the cushioning in the steam cylin- 
der assists in counteracting the inertia 
effect ; but this must not be depended upon 
too much, for the reason that the highest 
speed occurs at the moment after the 
bloom has left the rolls, and, the steam 
being shut off at that instant, the cush- 
ioning is cut out at the very time the en- 
gine needs it most. Therefore, sufficient 
pin surface was provided to sustain the 
whole inertia effect, irrespective of the 
advantage gained by cushioning during 
the more favorable periods. 


STALLING ACTION 
Being a reversing engine and, fer ob- 
vious reasons, have no fly-wheel, the mo- 
mentum of the rotating parts is compara- 
tively nothing; therefore, the stalling ef- 
fact at the moment of biting the ingot, 
and especially when at that position of 


second, the tandem type, insuring equal 
power on each crank, and the further ad- 
vantage of having a high-pressure cylin- 
der on each side; third, the long range 
cut-off, by which means a higher and 
more uniform pressure on the pistons 
may be had during the critical moments; 
fourth, the two pistons on each side, both 
subject to steam pressure and the larger 
subject to vacuum also; fifth, the throttle 
valve on each low-pressure cylinder, made 
to open and close a little in advance of 
that on the high-pressure cylinder, thus 
securing higher receiver pressure on the 
low-pressure piston to more quickly re- 
cover itself in case of stalling. 
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The maximum capacity of this engine 
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is at its maximum; which surplus power 
or reserve energy will save that time 
which would otherwise be wasted while 
waiting for the engine to recover itself. 
In other words, this reserve energy is 
intended to do exactly what the energy 
stored in a fly-wheel would accomplish 
if other more serious conditions did not 
bar the use of that method of equalization. 

Heretofore the ordinary blooming-mill 
engine has had too little surplus power, 
with the result that the operation of the 
mill has been delayed every time the en- 
gine has been stalled. Even though it be 
only for a few moments at a time, this 
amounts to considerable loss in the day’s 
run. But the term “horse-power” does not 
convey to the mind the measure of effort 
necessary for the overcoming of the re- 
sistance at that moment immediately fol- 
lowing the stalling action; for, inasmuch 
as that the engine is almost, if not quite, 
brought to rest at the instant of im- 
pact, the elements of time and space are 
practically eliminated for the time being, 
and the engine reduces itself to a simple 
force acting on the crank-pins; hence it 
becomes a question of the measure of the 
turning moment sufficient to overcome the 
tangential resistance on the rolls and the 
regaining of its former velocity in the 
shortest possible time. 


REVERSING GEAR 


Another troublesome feature in almost 
all reversing rolling-mill engines lies in 
the inefficiency of the reversing mechan- 
ism itself. The ordinary well-known 
types, such as the Stevenson link, Gooch 
jink and Allen link, with their many 
points of weakness, such as the slip of 
the blocks, the spring of the links, the 
overhanging pins and the rapid deteriora- 





FIG. 5. 


is 25,000 horse-power; not that this enor- 
mous power will be developed continuous- 
ly, but rather that there may be a liberal 
surplus held in reserve for those brief 
moments when, due to the tremendous 
impact as the ingot enters the rolls, the 
tangential resistance at the rolls’ surface 





I05-TON CASTING ON PLANER AT THE BUILDER'S SHOPS 


tion of the wearing parts, have been found 
under such unusually severe work as that 
experienced in rolling-mill engines to be 
a constant source of annoyance, delay and 
loss. The Marshall reversing gear was 
selected as being most free from these 
troubles and affording the most: reliable 
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and substantial form possible. Besides 
the elements of strength which it possesses 
there are ceftain other features favoring 
this type of gear, among which are the 
following: 

First, it is operated by a single eccen- 
tric instead of two, as in the other types 
named. 

Second, the steam lead is constant for 
every position of cut-off. 

Third, it is manipulated with ease and 
precision. 

Referring to Fig. 4, the diagram as 
drawn shows the crank-pin on the dead 
center, the reversing yoke at mid-posi- 
tion and the three steam valves set with 
the required steam lead. The operation 
of the gear and its relation to the move 
ment of the steam valves may be readily 
understood. With the reversing-yoke ful 
crum set at mid-position M:, the move- 
ment of the eccentric pin R; is along the 
path of the oval S, and the vertical rise 
and fall of the pin, which is the only 
direction of movement affecting the 
valves, is from R: to R2z and is too lim- 
ited to admit sufficient steam to move the 
engine. But if the yoke fulcrum is moved 
back to M: the path of the pin R is along 
the oval W and its vertical movement is 
from Rs to Rs, when the crank-pin will 
move in the direction of the arrow. If 
the yoke fulcrum is set at M; the valves 
will reverse and the crank-pin will move 
in the opposite direction. This reversing 
gear is manipulated by the engineer on 
the pulpit, through the medium of a 
steam reversing engine coupled to an oil 
locking cylinder, all of which keep time 
with the hand of the operator. 

The engine, as a whole, stands unique 
in rolling-mill practice and is a splendid 
example of skill and achievement 





The Future of the Alcohol Engine 


The alcohol engine will in the future 
occupy a place, so far as cost of power 
is concerned, between the gas engine using 
natural gas and the gas engine using illu 
minating gas. Nearly all countries at 
present impose a heavy tax on the manu 
facture of alcohol, even when it is to be 
used for industrial purposes. The high 
price of alcohol due to this tax has pre 
vented the alcohol being economically 
used and has retarded its development. 
With the removal of this tax on alcohol 
for industrial purposes (and legislation to 
effect this has been introduced, or is 
about to be introduced, in many coun 
tries), alcohol will be reduced to a frac 
tion of its present price and the practi- 
cally unlimited supply of alcohol that can 
be obtained at a low cost by the distilla 
tion of wood waste, corn stalks, etc., will 
permit of the alcohol engine taking a 
position in industrial life at least as im 
portant as that today occupied by the gas, 
gasolene and oil engine —Engineering 
Journal of Canada. 
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Catechism of Electricity 


071. What other forms of lightning 
arresters are adapted for use on alternat 
ing-current circuits ? 

Lightning arresters in which non-in- 
ductive resistances are shunted across 
portions of a group of metal cylinders, are 
in common use. A 2300-volt single-pole 
arrester of the above type is shown in 
Fig, 213. It consists of a number of 
small, nurled cylinders m, etc., portions 
of which are shunted by two resistances 
r and s. The resistance rod r is of very 
low ohmic resistance and shunts a small 
number of spark gaps, but the rod s 
is of high resistance and shunts a larger 
number of spark gaps. The terminal a 
is connected to the line, and the terminal 
b to ground. The arrangement of shunts 
gives practically three arresters in one 
unit as follows: 

A lightning discharge of medium fre- 
quency will pass to ground through the 
low-resistance path, while low-frequency 
discharges and those due to steady static 
stresses will pass through the high re- 
sistance. Discharges of extremely high 
frequencies will find a comparatively diffi- 
cult path through the resistances, and a 




















FIG, 213. A 2300-VOLT MULTIPLE-GAP 
LIGHTNING ARRESTER, WITH 
NON-INDUCTIVE SHUNTS 


relatively easy path across all the spark 
gaps. The various paths are designed to 
give the arresters a uniform voltage 
breakdown regardless of the frequency 
or quantity of the discharge 
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Single-pole units such as shown in 
Fig. 213 are assembled in groups to form 
double-pole and triple-pole arresters. 

672. Are there other types of alternat- 
ing-current lightning arrester? 

The lightning arrester shown in Fig 
214 is another common form. In this 














FIG. 214. LIGHTNING ARRESTER FOR A.-C, CIR- 
CUITS, WITH ELECTRO-MECHANICAL 
ARC-BREAKER 


the lightning discharge enters the ar- 
rester at the binding post c, thence passes 
through the non-inductive resistance ¢, 
which is shunted across the coil s by 
wires imbedded in the base of the arrester 
and indicated by dotted lines in the il- 
lustration, to the flexible cord b, to the 
guide rod m and soft-iron armature 1, 
which is normally in contact with and 
rests upon the carbon v. The discharge 
then jumps across the spark gap ¢ to the 
lower carbon d, which is mounted in the 
bracket h, and passes to ground through 
a conductor fastened to h. The non- 
inductive resistance e has such a high 
ohmic resistance that sufficient current 
from the discharge is shunted through the 
coil s to cause it to quickly draw up the 
iron armature n and thus form an open- 
ing between the lower end of m and the 
upper carbon v. The are which results 
at this point is inside the tube i, which is 
practically air-tight, so that the oxygen is 
instantly consumed and the arc extin- 
guished. As soon as the current ceases, 
the coil s loses its power of attraction, 
whereupon the armature m drops of its 
own weight to its normal position on v, 
and the arrester is ready for another 
discharge. 


According to statistics quoted in La 
Métallurgie, British engines are much in 
demand in Portugal. The total imports 
of steam, gas, or hot-air engines rose in 
1906 from 159,568 milreis to 278,014 mil- 
reis, of which sum 91,901 represented the 
value of British-made engines. France 
and Germany are a long way behind with 
values aggregating 26,738 and 25,037 mil 
reis respectively. The British- and Ger 
man-made engines are principally below 
30 horse-power units, while the larger 
part of those over 100 horse-power came 
from France. 
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A Color Scheme for Pipe 


Lines 


The multiplicity of pipe lines in the 
modern power plant is confusing, to say 
the least. Some simple method of 
easy and certain identification, universally 
adopted, would be a welcome step in ad- 
Not only would it facilitate the 
regular work of the attendants in charge, 
but it would reduce the probability of 
mistakes in handling valves, and in times 


vance. 


of emergency might prevent serious acci- 
dents. Furthermore, when a change of 
engineers is made, the new man would 
grasp the situation more quickly, and there 
need be no interruption of the service, nor 
even a drop in the efficiency. Such a 
system would also be of decided advan- 
tage to inspectors when making their 
regular visits—whether for the municipal, 
insurance, or other authorities. 

Some attempts in this direction have 
been made by attaching labels or tags to 
valves. The United States Government 
requires all pipe lines in distilleries to 
be painted in colors, in accordance with 
an established system. Something has 
been done also in power plants in this di- 
rection, but so far as the writer knows, 
no complete 
worked out, 


has as 
proposed, 


scheme 
or 


yet been 
for general 
adoption. 

The writer was confronted with this 
problem recently when designing the 
power and service plant of the new Ham- 
burger department store, at Los Angeles, 
Cal., of some 1600 horse-power capacity. 
Here there were not only the usual 
exhaust and feed lines, but a 
sprinkler system, iced-water distribution, 
air lines—both compressed and vacuum— 
ammonia and brine lines for refrigera- 
tion and oil, both as boiler fuel and for 
lubrication. The solution finally worked 
out was as follows, previous color schemes 
being adopted as far as possible: 


steam, 


STEAM 
High- and medium-pressure.......... White. 
Low pressure heating lines. Aluminum bronze. 
ENN RRR iis 2g Se whe 5:55 455 cab oR ok @ ae Gray. 


Hor WATER 
Returns from heating system.... 


Aluminum bronze. 
MIS IIE 626.0. 26Suicssincki'vtv. ace ann esiiaeees Maroon. 
ee See rea ak Bright red. 
Pure drains from high-pressure and — 
CENAUSt-hEAG GFIDB. occ ccccccace Pink. 
Impure drips, overflows and _ boiler 
blow-offs, to blow-off tank........ Black. 
COLD WATER 
From city mains or deep-well and 
general house distribution... .Light blue. 
Sprinkler lines including tank, ex- 


cess-pressure and draining systems..Blue. 
IcED WATER 
Drinking-water lines..... Dark or 
AIR 
house-cleaning 


navy blue. 


Vacuum-heating and 


a ee te nn Light green, 
BW INOI «(6 tr Kinicoran, arcs aus ids arenere Dark green. 
REFRIGERATING 
SI, I aegis, 4.4 0-5 5K dive eal Yellow. 
MOEAOMER, EAGWIG. 6... ccs ean Bronze. 
age a are te Sa Ses ies cine bier ee Orange. 
O1 
Lubricating system. .........5. Light brown. 
URE, MIG i 60. eres :e uiaiecarnlerin Dark brown. 


These colors are to be applied to the 
pipe lines after completion and test. They 
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will be applied directly to the pipes them- 
selves where they are left bare, and on 
top of the finished covering for all others. 

The pneumatic-tube cash system, being 
of polished brass pipe, was not thought 
to need special coloring. 

Pipe lines for hydraulic elevators, when 
installed, might be violet. Still further dif- 
ferentiation, if desired, could be secured 
by painting the valves and fittings a dif- 
ferent color from the pipe itself. 

Gas pipes, where exposed, might be left 
black, as there would be no danger of 
confusing them with impure drains. 

Care must of course be taken to secure 
colors that will not fade under heat. 

The above plan is believed to be con- 
sistent and reasonably complete, and is 
recommended for general adoption. — 
WittiaM H. Bryan, in Steam. 





Transmitting Power of Belts 


By N. A. CARLE 


There are in general use tables show- 
ing the approximate transmitting power 
of single and double leather belts, based 
on actual results obtained under operat- 
ing conditions. It has been found that for 
average conditions, a single leather belt 
1 inch wide, running 600 feet per minute, 
will transmit one horse-power, and a 
double leather belt rt inch wide, run- 
ning 400 feet per minute, will transmit 
one horse-power. These values are based 
on 180 degrees arc of contact on the pul- 
ley. When the are of contact is less than 
180 degrees, the transmitting power of the 
belt is reduced and varies with the arc of 
contact as follows: 


Per Cent. of Trans- 
mitting Power 
at 180°° 
Are of Contact. 


Are of Contact ; 
Degrees. 





170 97 
160 94 
150 91 
140 87 
130 83 
120 79 
110 75 
100 65 


The usual form in which belt tables are 
presented gives horse-power values for 
single leather belting for speeds from 600 
to 6000 feet per minute and for belts from 
1 to 16 inches wide. For double leather 
belting, the tabulation is for speeds from 
400 to 5000 feet per minute and for belts 
from 4 to 40 inches wide. All such tables 
are based on 180 degrees are of contact. 
For any other are of contact the horse- 
power value is multiplied by the percent- 
age of transmitting power at 180 degrees 
are of contact corresponding to the values 
in the preceding table. 
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It is usual to have the problem given as 
regards the belt speed in terms of diam- 
eter of pulley and revolutions per minute, 
instead of the actual belt speed. The 
charts on pages 605 and 606 are designed 
to obtain the results directly for sizes of 
pulleys, revolutions per minute, various 
widths of belts and different arcs of 
confact. 

The chart on page 605 is intended to 
apply to line shafting and generator ser- 
vice for pulleys up to 60 inches diam- 
eter, running from 100 to 1200 revolu- 
tions per minute with arcs of contact from 
100 to 180 degrees, transmitting up to 150 
horse-power with single or double belt- 
ing. The chart on page 606 is intended 
to cover large countershaft and fly-wheel 
service for wheels up to 15 feet diam- 
eter, running from 50 to 300 revolutions 
per minute with arcs of contact from 
1oo to 180 degrees, transmitting up to 
600 horse-power with single or double 
belting. 


EXAMPLE 


How many horse-power can be trans- 
mitted by a 7-inch double leather belt on 
a 48-inch pulley at 300 revolutions per 
minute, with an arc of contact of 150 
degrees? 

Starting with 48 inches “Diameter of 
pulley,” read up to 300 “Revolutions per 
Minute,” then across to “Double Belt,” 
then down to 150 degrees “Are of Con- 
tact,’ then across to 7-inch “Belt,” and 
down to “Horse-Power Transmitted,” 
which is approximately 60. 


EXAMPLE 


What size of double belt will be re- 
quired to transmit approximately 280 
horse-power, if the size of the fly-wheel 
is 10 feet diameter, running at 120 revo- 
lutions per minute? The arc of contact 
to be taken at 180 degrees. 

Starting with 10 feet “Diameter of 
Wheel,” read up to 120 “Revolutions per 
Minute,” then across to Double Belt,” 
then down to 180 degrees “Arc of Con- 
tact,” arid from this point extend a line 
across the lines representing the width of 
belt. Starting again with 280 ‘“Horse- 
power Transmitted,” extend a vertical line 
up until it intersects the line just men- 
tioned and the point of intersection will 
be the.size of belt to transmit the desired 
horse-power. The nearest size of belt in 
the example given is 30 inches wide. 
Checking back for the actual intersection 
with the 30-inch belt line gives approxi- 
mately 282 as the horse-power. 





Roughly, the steam consumption of a 
steam turbine will be reduced I per cent. 
for every 12 degrees of superheat. With 
superheat as high as 250 degrees, the 
steam consumption will be reduced 1 per 
cent. for about 10 degrees, while with 75 
degrees of superheat it will take 14 to 15 
degrees to effect 


~ 


the consumption of 


per cent. 
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A Peculiar Coincidence 





By A. J. Drxon 





Apropos of the numerous fly-wheel and 
boiler accidents which destroy life and 
property, it might be well to consider that 
in extensive power plants there may often 
exist sources of danger in details of the 
equipment which are usually regarded as 
comparatively harmless. We have come 
to know the danger of a defective and 
neglected boiler, or of an insecure, poorly 
designed, or overstrained fly-wheel, from 
experience. These magazines of stored- 
up energy have given ample demonstra- 
tions of what they can do in the way of 
all-around destructiveness when once they 
break bounds; and, in consequence, vigi- 
lant care is generally exercised to safe- 
guard them by use of correct material, 
good design, and workmanship. 

But it may sometimes happen that the 
apparently inexpensive engine cylinder 
will suddenly manifest a disposition to 
usurp the functions of a dynamite bomb, 
and this not through any abnormal occur- 
rence in operation, such as over pressure 
or entrained water, but through a palpable 
defect in design or material passing un- 
noticed owing to the faith with which 
such things are generally accepted. 

One incident in the writer’s experience 
is a forcible illustration of the danger of 
taking for granted anything pertaining to 
the strength of apparatus designed to re- 
sist steam pressure, and of accepting such 
apparatus without thorough inspection. 
A newly erected electric-power station was 
equipped with two cross-compound Cor- 
liss engines 24 and 44 by 48 inches in size. 
One of these engines was ready for ser- 
vice and was started up about five days 
before the other, and after the second 
engine was put in commission the two 
continued to run on alternate days. 

One evening, after the plant had been 
in operation about three months, while 
No. I engine was running along smoothly 
under perfectly normal conditions and 
giving no evidence whatever of impend- 
ing trouble, the cover of the steam chest 
in the high-pressure cylinder suddenly 
blew up, breaking into fragments weigh- 
ing probably from 5 to 50 pounds. The 
largest of these pieces went almost straight 
up, rebounded from the ceiling and strutk 
the rim of the governor wheel on a small 
high-speed engine about 4 feet distant 
from the ruptured cylinder, cracking 
the rim square across midway between 
spokes. 

Most of the other fragments also took 
their flight in the direction of the roof, 
but on the rebound they fortunately 
struck in spots where the attendants hap- 
pened not to be, and where no serious 
damage to equipment could result, so that 
aside from the utterly ruined cylinder, the 
only serious result of the explosion was 
the crippling of the high-speed engine. 
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This engine was used in driving an 
exciter for the main generators, and was 
needed only when starting up, as a direct- 
current dynamo driven by an induction 
motor did the work of excitation for con- 
tinuous running. 

So, after the confusion incident to the 
disaster had subsided, and the extent of 
the damage had been ascertained, No. 2 
engine was put in service. About five 
turns of No. 00 copper wire were wound 
around the rim of the broken governor 
wheel and firmly secured, the little engine 
started and very cautiously worked up to 
a sufficient speed, and finally, when No. 2 
generator delivering current, the 
motor-driven exciter was cut in, and the 
steam-driven exciter shut down. 

After a lapse of five days, No. 2 engine 
having performed perfectly in the mean- 
time, the high-pressure cylinder of this 
engine duplicated the performance of No. 
I in precisely the same way, except that 
the injury to equipment was not quite so 
serious as in the first blow-up, a demol- 
ished lubricator on the low-pressure side 
being the worst feature, aside from the 
ruptured cylinder. 

Now, what, at first thought, would seem 
to be a remarkable coincidence in connec- 
tion with these explosions, the fact that 
they both occurred after the engines had 
approximated closely to the same period 
of actual running time, does not appear 
so strange when we come to consider the 
reason of the whole affair. Both cylin- 
ders were cast from the same pattern, and 
were, in all probability, poured from the 
same ladle of iron. 


began 


In consequence, they 
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from the top and putting it on the side, 
without providing any means whatever 
for staying the flat cover of the chest, 
which, by this arrangement, was increased 
in area by the area of an 8-inch circle, 
and was also weakened by taking away 
the support due to a vertically connected 
steam pipe. The cover of the steam chest 
remains simply-a flat slab of metal of 
considerable area and 1 inch thick. 

The length of time that elapsed from 
the first starting of the engines until rup 
ture finally took place, is accounted for by 
the evident low factor of safety, permit- 
ting a steam pressure of 125 pounds to 
the square inch to strain the material be- 
yond its elastic limit, so that a slight set 
and consequent weakening of the material 
remained at the close of the first day’s 
run. This set and accompanying weak- 
ening gradually increased as the engines 
continued in service, until the strength of 
the metal was reduced to the point of rup 
ture. In the cylinders which were sent 
to replace the damaged ones, the afore 
mentioned defect in design was overcome 
by casting a substantial rib through the 
steam-chest at each end midway between 
the steam-pipe connection and valve 
chamber, with an elliptical hole in each 
rib for the passage of steam. 





Curtis-turbine Business 


A number of interesting facts are re- 
vealed in the following statement of Cur- 
tis turbine sales: 


NUMBER OF PLANTS. Total Average 
ane Big io Capacity, Capacity, Number Kw. Capacity Total 

OrvErs TO Dec. 31, 1907. 1000 Kw. above of oO Kw. Capacity 

and Less. 1000 Kw. Plants. Plants. 

Central station and railway trac- 

Perr r rere re per 71 19( 261 3778 986,020 
Industrial plants and miscellaneous 243 45 288 305 87,675 
TOCA. ...... : ; : 314 235 549 1956 1,073,695 

Average 


Installations to Dec. 31, 1907. . 
Orders on hand Dec. 31, 1907 


Total sales to Dec. 31, 1907 


Orders for fiscal year ending Feb. 1, 1908 


were identical in dimensions and material, 
the fracture showing the latter to be a 
first-class quality of gray iron, entirely 
free from any inherent flaws, and obvi- 
ously not to be blamed for the wreckage. 

But examination of the exposed in- 
terior of the steam chest in the case of 
each of these cylinders was sufficient to 
reveal the cause of the two disasters. 
The steam-pipe connection to these cylin- 
ders was on the side; the pipe being car- 
ried from the boiler room beneath the 
engine-room floor, and up alongside the 
cylinder. It was apparent that the orig- 
inal cylinder pattern had provided for a 
boss and opening in the top of the steam- 
chest, and that the pattern had been re- 
modeled to meet the needs of this par- 
ticular job by simply removing the boss 





Number of |. ‘ : Total 
Machines MW. Capacity i. Ganeant 
of Machines. per Machine Kw. Capacity. 


943 857 807,610 
153 1739 266,085 
1096 980 1,073,695 
325 §90 286,320 


The most noticeable single item is the 
total capacity sold to December 31, 1907, 
Viz., 1,073,605 kilowatts, or about 1,556,000 
brake horse-power. That this advance is 
accelerating rapidly is shown by the 
amount of the sales of Curtis turbine- 
generators for the past fiscal year of the 
General Electric Company, viz, 286,320 
kilowatts capacity, or more than 25 per 
cent. of the total sales since the Curtis 
turbine was introduced. 





It is said that the cause of the recent 
laying-up of the “Lusitania” was the fact 
that the inside propeller blades were cor- 
roding and that the shell of the ship in the 
vicinity of these propellers 
eaten away. 


was being 
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The High-pressure Hydraulic Elevator 


Construction and Operation of the Stop-valve in the Otis Vertical 
Machine; Electromagnetic Devices Used for Operating Pump 





BY WILLIAM BAXTER, 


The construction and operation of the 
stop valve G can be understood from 
Fig. 219, which shows vertical central 
sections at right angles to each other. 
In the cut it will be seen that there are 
two spring-retained check-valves T, 7”, 
set so as to open in opposite directions. 
If the main valve R is in the central 
position, water can flow through from the 
pipe coming from the pumps into the ac- 
cumulator, following the path of the ar- 
rows a. If the elevator cylinders draw 
more water than the pumps can supply, 
the deficiency will pass out of the accu- 
mulator along the path of the arrows b. 
If the accumulator is filled, the rotation 
of the sprocket wheel O on the shaft P 
will turn the pinion P’ and through the 
intermediate wheel P” will rotate ‘the 
segment Q and thereby turn the main 
valve R so as to close the inlet along the 
path of the arrows a. If the water in the 
accumulator runs to the lower limit, the 
sprocket O will be rotated in the opposite 
direction so as to close the outlet path of 
the arrows b. When the inlet is closed, 
the path of the arrows b remains open so 
that water may run out of the accumu- 
lator, and when the outlet path is closed, 
the inlet remains open so that water may 
flow in and fill the accumulator. To under- 
stand clearly this action it must be under- 
stood that the partition S’ separates the 
ports in which the check-valves T, T’ are 
located and that the openings in the valve 
R are so located that when the valve is in 
the central position both ports are open, 
but when it is turned in one direction it 
closes the port of the valve 7, and when 
turned in the opposite direction it closes 
the port of the valve T’. There are sev- 
eral designs of stop-valve of the type 
shown in Fig. 219, but they all operate 
in the same general way, and differ from 
each other only in minor details of con- 
struction. 

The arrangement shown in Figs. 217 
and 218 for stopping the pump when the 
accumulator is full and starting it when 
the water is nearly all drawn out is purely 
mechanical, and works perfectly in prac- 
tice except in cases where the accumu- 
lator and pump are not very close to each 
other, or where the construction of the 
building makes it impracticable to obtain a 
direct rope connection between the pump 
and the weight K on the accumulator. In 
such cases an electromagnetic device can 
be used that will simplify the construc- 
tion and also render its operation more 


certain. One of these is shown in Fig. 
220, which gives a sectional elevation of 
the device and a diagram of its connec- 
tion with the pump-starting valve. This 
type of apparatus is generally actuated by 
placing near the travel limits of the ac- 
cumulator weights a pair of switch con- 
tacts that are controlled by an arm pro- 
jecting from the weights, in precisely the 
same way that the arm /7 in Fig. 217 
actuates the valve G. 

Looking at both the illustrations it will 
be seen that when the differential plun- 
ger A moves, it either opens or closes 
the valve G and thereby either stops or 
starts the pump. Suppose that when the 
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FIG. 


accumulator is in the highest position the 
lever H is over in the extreme right- 
hand position, then the plunger A will 
be in the position shown and the valve 
B will be drawn up so as to connect the 
right-hand end of the cylinder to dis- 
charge its water through the lower ports 
into the discharge pipe. For the valve B 
to be raised into this position, the magnet 
M must be energized so as to be able to 
compress the spring S; hence, the arm on 
the accumulator must close the switch 
contacts when the weights reach the upper 
position. This movement of the lever H 
will close the valve G and stop the pump, 
so that if water is drawn from the accu- 


JR. 


mulator the plunger will descend, but the 
stationary switch contacts that were 
moved by the arm on the weights will re- 
main closed, and the magnet M will con- 
tinue energized. When the accumulator 
weight descends low enough to require 
the pump to be put into action, the sta 
tionary switch will be moved so as to 
open the circuit through the magnet M 
and then the spring S will push the valve 
B down so that water from the supply 
pipe will pass to the right-hand end of 
cylinder C and force the plunger A to the 
left, thereby moving the lever H of the 
valve G to the open position to start the 
pump, which will continue running until 
the accumulator is filled again to the 
upper limit, when the former operation 
will be repeated, and the pump will be 
stopped. 

The switch on top of the magnet in 
Fig. 220 is a type that is commonly used 











in connection with magnets that are in 
tended to remain in service for a con 
siderable length of time. When the mag 
net M draws up the plunger, the uppe: 
end lifts the switch lever E, thereby open 
ing the contacts F, F’ and putting a hig! 
resistance into the circuit of the magnet 
winding ; this reduces the current to prob 
ably Io or 15 per cent. of its initial 
strength, so that it can flow through th: 
coil for a long time without heating i! 
to a dangerous degree. 

The construction and operation of th« 
automatic stop-valve for the elevator ma 
chine shown in Fig. 203 of a previous 
article can be understood from an exami 
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nation of Fig. 221, which is a sectional 
elevation. This valve is actuated by the 
lever A, and there are two of these lev- 
one on the valve proper, and the 
other at a point near the cylinder, as 
shown in Fig. 203. The lower one is 
moved when the traveling sheaves reach 


ers, 
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FIG. 221 
the lowest position, and the one 
when they reach the highest position. In 
Fig. 221 the rod L extends to the upper 
limit of the sheave travel and there con- 
ects with a lever C that is mounted on a 
tud similar to B and connects 


upper 


with a 
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lever like the lever A in the 
these parts are connected in the drawing. 
The only difference is that the lower A 
lever stands normally about in the posi- 
tion of arrow JM/ while the upper A lever 
stands normally in the position of arrow 
N. The lower lever is pushed to the 
position in which it is here shown by a 
projection on the traveling-sheave frame, 
and the upper lever is similarly pushed 
into the position of arrow O. 

the traveling 
coming down, and water 


Same way 


If the car is going up 
sheave will be 
will be running into the lifting cylinder 
the valve from the lower supply 
pipe up into the machine pipe. Through 
the valve the path will be by way of the 
port HH the 


1 


through 


through spring-supported 


Movement of Valve Leve= 


609 


and then no 
flow 
will be 


to close the port J more 
of the 
stopped. 


and traveling sheaves are 


water will be able to out 
cylinder and the car 
When the car 
in any intermediate position, the valve E 
is moved to the central space E’ by the 
action of the spring S, which forces the 
upper head F up against the end G of the 
spring box, or the lower head JF’ against 
the lower end G’. 


Dust and Health 


Massachusetts 





The State Board of 
Health has reported an investigation of 
conditions in The conclusions 
pertaining to dust-laden air include these 
Of the classes of 


factories. 


comments: several 














oder Head-Rear End 
) Pilot Valve Packing 
a] Nut-Drass 
Leather Cup 


Pilot Valve Body 





When the 
traveling sheave descends low enough to 
move the lever A to the position in which 
the valve E will be moved 
down opposite the port H and then the 


check-valve l’’ into the port J. 


it is shown 


flow of water into the cylinder will be 


stopped, as the only other path is closed 


by the check-valve K. If now the opera 
tor sets the car lever so as to run down, 
the water in the cylinder will flow out 
and down the machine pipe into the port 
I and thence into the port J and through 
the valve K to the lower pipe. When the 
traveling-sheave frame reaches the upper 
limit of travel, the upper A lever will be 
moved into the position of arrow O, and 
the rod / 


will pull up the valve E so as 


animal, metallic 
to de 
irritating to 


cust those of vegetable, 


and mineral origin—it is difficult 
which is the 
tract; 
1 

dusts are commonly so 
of the 


tions in 


most 
but 


termine 
the respiratory the vegetable 
regarded in spite 
that the 


( mpl yyees 


well-known fact occupa 


which the inhale 
minute particles of steel, glass, and stone 
are remarkable for their high death rates 
But not 
all the dusts of one class are equally irri 


from tuberculosis of the lungs. 


tating; flax and cotton, for example, are 
more irritating than wood; steel is more 
irritating than brass; horn is more irri 
tating than bone; granite is more irritat 
ing than marble, and glass far more than 
Wood Craft. 


granite. 
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Proper Thickness of a Valve Deck 


in a Pump 


’ By F. F. NickeL 

A correspondent has asked for infor 
mation as to the proper thickness of the 
lower valve deck Fig. 1; his 
letter was submitted to Mr. Nickel, who 
contributed the annexed article. Among 
other things the correspondent in questior 
stated: “It is proposed to give additional! 
support, as indicated by the four bolts 
and small beams under the deck, the bolts 
to be not less than 11% inches in diameter 
The maximum pressure on this deck is 


shown in 


ac 
¥ 
vo 
a 
wo 
~ 





to5 pounds per square inch, allowing fo1 
under the deck. We would 
like to know if the plan is feasible. we 
figure that the this deck 
should not be less than 2.8 inches. 


the vacuum 
thickness of 


The correspondent first asks about the 
feasibility of the proposed change and 
then that the deck should be 28 
inches, instead of 2 inches, as I under- 
stand it. Taking up the last point first 
I will ask you to draw a line radially 
through a row of valves. 


says 


You will sec 
that this line will cut through holes and 
ribs only, and the thickness of the deck 
will not appear at all in 
tion, only 


this cross-sec 


but between two adjacent 
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valves, where there is no rib, and in the 
corners, where there is a rib. This thick- 
ness will therefore play no part in the 
rigidity of the deck as a whole and we 
have to depend on the ribs entirely to sup 
port the load. 

In the distribution of the ribs the de- 
signer has missed his opportunity. In 
stead of putting in six radial, continuous 
ribs, he cuts them up into little pieces and 
staggers them as much as possible, prob 
ably in the endeavor to avoid shrinkag« 
strains. The strength of this deck will 
therefore be difficult to calculate, but 1 
will assume six radial ribs 7 inches deep 
and 114 inches wide. 

The diameter of the deck is 48 inches 

ee 48 : 
*1f thickness = : = 4.8 inches and pres- 
sure = 200 pounds per square inch, then 
4.8? : 200 3%? : 105, or the thickness 
of a solid deck to stand 105 pounds pres 
sure should be 3% inches. 

If we now divide the deck into 12 sec 
tors u, Fig. 2, we find that each rib has 
to be as strong as two of these sectors. 
The width of a sector is 16 
inches and the depth 3% inches, then the 
section modulus equals 


average 


while the section modulusyof the rib is 
only 


: 
= 12.2, 
’ 


which shows that the deck would be even 
too weak with six radial ribs. 

If there were a rib between each patt 
of valves, we would compare the strength 
of the rib with that of a strip equal tc 


the pitch. Then the section modulus of 
the strip would be 
6 x 335? 
= = 52.3; 


or exactly that of the rib (Fig. 3). 

If you compare the two decks you will 
find that the suction deck is the weaker 
of the two, while it is a well-known fact 
that the suction deck receives the hardest 
blows. In its normal condition it is bal 
anced (when the plunger is at rest) and 
the load comes on it instantly the moment 
the plunger strikes the water on its r¢ 
turn stroke. The delivery deck, on th: 
other hand, is normally loaded and _ is 
suddenly relieved from all pressure at the 
above-mentioned moment. 

When the plunger reverses at the other 
end of the stroke, and starts on its suc- 
tion stroke, it merely recedes from the 
water and if the water does not follow. 
the air contained in the water will ex 
pand and create a partial vacuum. The 


*This formula is derived 


from Grashof’s 
formula for flat plates. 


Your will find it on 


vour slide-rule, column 7, line 7. 
{ 4.8° : 200 °° 0: p ' 
tSeales 3 4 3.4 \ 
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load will therefore come on the delivery 
deck gradually and it is for these reasons 
that the suction deck is designed stronger 
than the delivery deck. This is frequent- 
ly done by giving it the same dimensions 
as the delivery deck and adding some 
posts underneath. 


In the design before us, a center bolt 


FIG. 2 


has been placed in the suction chamber, 
apparently an afterthought, to prevent the 
pulsation. But instead of supporting the 
deck it is evidently pulling it down and is 
adding nothing to the This 
could be greatly by adding 
washers and nuts as suggested in the ac 


rigidity 


improved 


companying sketch, Fig. 4. On account 
of the springy design of the suction 
chamber it will not give as much support 
to the deck as if the chamber were 


made to the dotted lines. 
Coming now to the question of the best 
way to strengthen this deck without mak 


2 
\ / 
hie ie ar 
a ta 
Piteb 
FIG. 3 
ing a new suction chamber, the plan 


suggested does not appear to me as at 
Each bolt 
to take care of an area o! 
at least 16 inches diameter, or 200 squar¢ 
inches, and 


fording the necessary strength. 
would have 


\ 


200 105 = 21,000 pounds, 
which would require a 134-inch bolt. The 


bolt should have a collar or nut above 
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the valve deck to stop the leakage through 
the hole. I do not see any possibility of 
bolts into 
dismantling the pump. 

that the 
two, which is 


without 
worst 

the 

not to be 


getting these place 
The 


cuts 


fea- 


ture is hole annular 


rib in recom- 
mended. 

\ better plan would be, perhaps, to 
take out six valves (marked a, 
the plan Fig. 1) and screw in 
plugs, with holes through which the stay 
bolts can be placed. Fig. 4 shows three 
different styles which might be used in the 
places indicated by the letters. This would 


b and ¢ in 
view, 


leave 55 valves in each deck, and the 
areca Of each valve being, probably, 6 
square inches would give a valve area of 
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Daily Routine in an Ice Plant 


By Wiitiam S. LucKENBACH 


PoINTS TO BE OBSERVED TO REALIZE THE 


Best Economy 
It is impossible to lay down iron-clad 
rules for the engineer in his daily or 
nightly routine, because, at any hour dur 
ing the day or night emergencies 
arise that take precedence over any 
conceived plan. 


may 
pre 


ADJUSTING THE TEMPERATURES 
Assuming, however, that all the modern 
appliances mentioned heretofore have been 
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330 square inches, which at 200 feet per 


minute would give a capacity of 5,000,000 
zallons per day for each water cylinder. 
than 18-inch 
will displace at 250 feet per minute. 


(his is more an plunger 
This 
unger is probably smaller than 18 inches. 

It occurs to afterthought, 
that the chamber might be 


trengthened by strapping as in Fig. 4. 


me, as an 


suction 





A surface condenser should have a 
oling surface equal to about one-half 
the heating surface of the boiler that 
irnishes steam to the engine, or in other 
ords about two and one-half or three 
et of cooling surface per 
irse-power. 


indicated 
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installed, his first duty after receiving the 
report of the retiring engineer is to verify 
the report by personal examination of the 
various temperatures and compare them 
with the standard record for capacity, and 
any deviation tending to lessen capacity 
or increase the consumption of fuel should 
be corrected at once; as for instance, if 
the temperature of the liquid ammonia is 
higher than normal, it is either that the 
of the condensing coils 
coated with slime that prevents the cool 
ing water from extracting its proportion 
of heat, or the volume of water has de 
creased, or the temperature of same has 
increased; the remedy in either case is 
plain. 


exterior are 


Ol! 

Again, if the temperature of the feed 
water has decreased, it may be due to 
the covering on the feed-pipe hetwee 


the pump and the steam boiler being de 
stroyed, or the heater may be impaired. 
All defects that may develop during th« 
night, or that may 
should be reported to the day engineer, 
and by him put in order again before the 


breakdowns occur, 


night engineer takes charge, if it is pos 
sible to do so 


EXAMINING RICH Poor Liguor 


After the 
been adjusted, the rich and poor liquor 
should b« the 
drawing the ‘absorber, and 


AND 


various temperatures have 


examined, rich liquor by 
some out of 
the poor, somewhere on the line between 
the and the absorber, and the 
difference by distillation, in degrees 
should than 14 
cent., in order to make capacity economi 
the the 
liquor is 26 degrees Baume, if the poor 


generator 


3aumeé, not be less per 


caliy; and as standard for rich 
liquor shows 18, the liberated gas would 
equal about 14 per cent., and while the 
j distilled 


rich liquor is 24, 


same percentage of can be 


oaSs 
RQ 


when, for instance, the 
it is not as economical because it requires 
hotter 


rich 


which 
the 


heat, 
On 


more means more or 
the 
liquor is 28, it requires less heat than at 
24, hence it is plain that the rich liquor 


should 


steam other hand, if 


not be 
the 


less than 26 degrees 


In case gas has 


weakened to, say, 


22 degrees, it is essential to know, ap 


proximately, the amount of aqua needed 


to bring it up to 26 degrees. Aqua am 


monia at 26 degrees Baumé contains 28 


per cent. of pure ammonia, and at 22 de 
grees contains 21 per cent., a loss of 7 
per cent. Supposing that the original 


charge in the machine was 10,000 pounds, 


and that 33 per cent., or 3300 pounds, was 


pure ammonia, the amount lost, per 
cent., was 231 pounds of pure ammonia 
As two-thirds the weight of aqua am 


the 
quired to bring the liquor up to the stan 


monia is distilled water, amount re 


dard would be 3 231 603 pounds, or 


practically one drum 


JOILER-ROOM DETAILS 

The boiler room is next in importance, 
and right here is where an intelligent and 
make 


employer, 


himself 
but 


less work, by doing less work with 


conscientious fireman can 


not only valuable to his 
have 
with his head 
hard 
the 
method of firing economically can only be 


his hands and more work 


\s it is impossible to lay down a 


and fast rule to be governed by, 
acquired by close observation and experi 
ence, and presuming that the high- and 


low-water alarm has been attached it 1: 
needless to discuss the importance of the 
water level 

The end of the blow-off pipe should be 
the blow-off 


leaking without being seen by 


exposed, otherwise valves 
might b 
the 


be a 


this would 


This frequent], 


fireman, and 


of fuel 


engineer oi 


dead loss 
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occurs .with hard-metal valve disks and 
seats. The writer has used a hard-metal 
flat valve seat and babbitt-metal disk for 
years and found it very efficient, because 
any hard substance that happens to be 
caught when closing the valve will make 
no impression on the seat, but bed itself 
into the babbitt until a tight joint is made. 
The life of the babbitt disk is about three 
months, and it is easily renewed by simply 
cutting the old babbitt out of the groove, 
refilling with new and facing off true, 
preferably in the lathe, but it can be trued 
up with a file. 


HANDLING THE BLOW-OFFS 


Both the surface and regular blow-off 
should be used only when actually neces- 
sary; any more is a waste of fuel, and 
the amount necessary depends on the effi- 
ciency of the heater and purifier, as it is 
clear that all impurities extracted from 
the feed-water before it enters the boiler 
reduces the amount of blowing required. 

The amount of blowing off, however, 
can be fairly well determined by a series 
of tests at intervals during several days’ 
running. These tests take up very little 
time, as a test can be made in less than 
five minutes. The method is as follows: 
Most natural waters contain chlorides or 
sulphates, and the addition of a drop of a 
solution of nitrate of silver or chloride of 
barium in a sample of water contained in 
a test-tube or tumbler, will cause a white 
precipitate in water which is not distilled 
or not properly distilled; and in order to 
determine which chemical is best for this 
particular water, draw water in two tubes 
or tumblers from the main supply before 
entering the boiler feed-pump; then add 
one or two drops of one chemical in one 
glass, and the same of the other chemical 
in the other glass, and the chemical that 
produces the most turbidity or precipita- 
tion is the one to use. Next test the feed- 
water after having passed through the 
heater and before entering the boiler, and 
note the precipitation. Now test the dis- 
tilled water on its way to the distilled 
water tank; this show the same 
turbidity that the feed-water did before 
entering the boiler, then either the water 
is carried too high or the surface blow 
has not been sufficiently used. If, how 
the distilled water at that point 
shows an improvement, then the amount 
of blowing off is about sufficient, unless 


should 


ever. 


when testing the water before entering 
the ice cans, vou find that the filter did 
not arrest all the impurities, in which case 
the fault is that either the filter is too 
small for the capacity of the machine, or 
needs cleaning, or there is not steam room 
enough in the boiler, and instead of all 
dry steam, a certain percentage is simply 
boiled water. 

Should the able to thor- 
oughly cleanse the water, it would be well 


filter not be 


to procure a sponge filter to carry you 
over the busy season. Have it located 
hetween the can-filler hose and the cooler 
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tank, because some substances will, to 
some extent, coagulate in cooling, and the 
sponge filter will arrest them. Have two 
sets of sponges for the filter and change 
them every 24 hours. In buying sponges, 
get the grass variety, because they are 
tougher and will last several seasons; 
use washing soda to cleanse them, of 
course rinsing them well in clear water 
before packing in the filter. 


BLOWING FLUES 


It is essential that the flues be kept 
clean at all times, and in horizontal- 
tubular boilers it is preferable to have 
the blower in the combustion chamber for 
various reasons; first, it does not re- 
quire any more steam than blowing from 
the front, and blows the soot in line with 
the draft and directly into the stack; 
whereas by blowing from the front you 
blow against the draft, filling not only the 
combustion chamber with soot, but it 
escapes through every crevice in the com- 
bustion chamber into the boiler and pump 
room, to say nothing of the damaging 
effect on the generation of steam by hav- 
ing the large flue doors open the length 
of time required to blow the flues from 
the front. 

It is, however, absolutely essential, in 
using the device in the combustion cham- 
ber, that the steam be dry and of a high 
temperature, because the beaded ends of 
the tubes are subjected to extreme heat 
in the combustion chamber, and unless 
the steam is perfectly dry, 
superheated, the tendency will be to con- 
tract the beaded and rolled ends of the 
tubes and eventually cause corrosion and 


preferably 


leaks. 

While the engineer is in the boiler room 
let him glance under the grates and see 
whether the fireman gives due considera- 
tion to them. The ash-pit should be 
cemented on the bottom and about a foot 
on the sides, and an easy means of sup- 
plying the ash-pit with water should .be 
provided, thus protecting the grates, as 
well as aiding combustion. It 
superfluous to add that the ashes collect- 
ing in the pit should be frequently re- 
moved, thereby saving the grates from 
warping; and, as mentioned heretofore, if 
the fireman will put on his thinking cap 
he wil not only have more leisure time 
by burning less fuel, but will be entitled 
to the respect of his employer. 


seems 


CLEANING BOoILers 


The cleaning and examination of boil- 
ers is another matter that requires the 
close personal attention of the engineer. 
If you have a man employed to clean the 
boiler, do not simply take his word be- 
cause he says it is and in good 
order, but get inside and make a personal 
examination, not only as to cleanliness. 
but sound with a hammer for thin places, 
and examine the braces, tubes, mud-drums, 
ete. The writer for 


clean 


has done this ten 
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years in succession, and whenever he had 
any doubts as to safety he would call in 
a first-class boiler maker to go over it. 

Safety and durability go hand in hand, 
and can only be maintained by frequent 
and thorough cleaning and examination 
Most waters leave more or less insoluble 
matter even with the best of heaters. Th: 
engineer should see that this point is 
given close attention, and the necessary) 
means to control the situation should lb 
applied. Numerous compounds are in th 
market, and while all may have merit, 
special care must be exercised when the 
condensed is to be used for ice. 
The top and bottom connections to the 
water column should be arranged with 
tees or crosses and brass plugs, so the 
pipes can be easily examined by remoy- 
ing the plugs occasionally when cleaning 
boilers, thus’ avoiding obstructions in th 
pipes; in case valves are used they should 
be straight-way, and should be under the 
exclusive supervision of the engineer, b: 
cause of the danger of someone closing, 
for instance, the upper valve, mistaking it 
for The writer has 
personal knowledge of an explosion some 
years ago in Philadelphia from the upper 
pipe getting up, thus 
water in the glass when there was prac 
tically no water in the boiler. 


steam 


some other valve. 


stopped showing 


WATER PuMPS 


The large water pumps should be 
occasionally examined, especially if steam 
driven, as they are at best not as ec 
belt-driven 01 
geared pumps. The water end also need 
attention in order to determine wheth« 
it is pumping to capacity or whether t! 
volume is decreasing with the usual num 
ber of method ot 


nomical with steam as 


fair 


measuring the amount is to 


strokes; a very 
construct 
the waste and make it of suc! 
depth coi 
cubic 


weir for 
proportions that each inch in 
tains a certain number of inch 
and by making it long enough to float 
object for, say, minute, a fair esti 


mate of the volume can be obtained, to | 


one 
compared with the rated capacity of tl 
pump. 

It is of the 
this water be as cool as possible, hen 
the 
near 


greatest importance th 
thermomet 
Should tl 
have to b 
piped from a river, have it not less that 


recommendation of a 
the 
for 


condensing coils. 


water cooling purposes 


3 or 4 feet below the surface of tl 
ground in order to reduce the ten 
perature even if only five degrees. A: 


ice factory was 700 feet from the streat 
the pipe 
they reduced the temperature 20 degree- 


and by running undergrou! 
and increased their capacity over 30 p 
cent.; hence the importance of the lowe: 
possible when it can 

had without constant additional expens 
and presuming that the condensing, and 
cooling coils are protected from the sun’ 
the best results 


the circumstances. 


temperature 


rays are then obtain 


under 
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from Expansion of Steam 


Simple Charts by the Use of Which the Energy Developed by 
Steam in Expanding between Given Limits May Be Determined 





BY PROF. 


The plates published herewith are d¢ 
signed to furnish a more convenient sub- 
stitute for the steam table in the deter- 
mination of the theoretic work available 
inl Steam-engine action. 
use in connection 
calorimeter. 


They are also of 
with the _ throttling 


The lines of the plates are arranged 
according to the following convention: 

(1) Pressures are stated on the left 
hand margin only, and are indicated by 
straight horizontal broken - and - dotted 
lines, thus: —-—-—-—.—-~—. 

(2) Steam conditions, of moisture or 
superheat, are stated on the upper margin 
and within the body of the plate, and are 
indicated by broken In the field 
of saturated steam a guide-curve is given 
for each I per cent. 
field of superheat a 


curves. 


In the 
guide-curve is given 
for each 10 degrees of superheat. 

(3) Heat quantities are stated on the 
right-hand margin and in the body of the 
plate, and are indicated by full-line curves. 
Guide curves are given for each five Brit- 
ish thermal units, except in the lowest 
portions of Plates I and II, where some 
curves are omitted, for clearness. 


of moisture. 


The method of use is this: The user 
is supposed to know the initial pressure 
and condition of the steam, and the final 
pressure to which it is to expand. Select- 
ing the initial pressure, as given by the 
gage, in the left-hand margin, the pencil 
is carried horizontally to the right until 
the point is reached (indicated by the 
intersection of the horizontal line repre 
senting the pressure with the appropriate 
which indicates the 


broken-line curve) 


given condition, whether of moisture or 
This point having been noted, 
the pencil is to be moved vertically down 
the plate until the horizontal line repre 
senting the given final pressure is reached 


superheat. 


EXAMPLE 


Hlow much energy will be exerted by 
ne pound of steam having 2 per cent. of 
loisture, expanding from 120 pounds to 
vacuum of 26 inches? 

In the left-hand margin of Plate I find 

120 pounds and follow the horizontal line 

its intersection with the dotted curve 

indicating a quality of 98 per cent. (i.e., 

2 per cent. of moisture). This point lies 

between the full curves 1170 and 1175, 

about one-fifth of the way up from the 


wer curve, or at 1171. Drop vertically 


+ 


the horizontal line corresponding with 
26 inches of vacuum and the point will be 
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found to fall upon the full-line curve 
marked “goo.” At the higher pressure 
each pound of steam contained 1171 B.t.u. 
at the lower goo. There has been con- 
verted into work: 


1I7I — 900 = 271 B.t.u., 


op oe 


and as each B.t.u.= 778 foot-pounds, the 
energy exerted is: 
271 X 778 = 210,838 foot-pounds. 


The number of full-line curves crossed 
in this descent, i.e., the difference between 
the values of the full-line curves 
sponding to the initial and final condi- 
tions, gives the B.t.u. available for work 
per pound of steam. Multiplying by 778 
will give the result in foot-pounds. 

All distances on the plates are plain 
proportionals. lying 
the given curves interpolation by eye can 


corre- 


For data between 
be made, with a probable accuracy to one 
degree of superheat, 0.1 per cent. of mois- 
ture or 0.5 B.t.u., in any of the more open 
portions of the plates. 

For use with the throttling calorimeter 
the plate is entered at the secondary pres- 
sure of the calorimeter (which is usually 
atmospheric pressure), which is to be fol 
lowed horizontally to the recorded degree 
of superheat. The full-line curves are then 
followed from this point in a northwest 
erly direction until the initial pressure is 
The condition of the original 
the 
this 


reached. 
indicated by 
either side of 


sample will then be 
broken-line curves on 
final point. 

transit must be 


made from one plate to another, which 


In calorimeter work 


must be done with care. In determining 
the work available from steam expansion, 
however, no problem will call for the use 
of more than one plate. In calorimeter 
work, should the final superheat at atmos- 
pheric pressure exceed the limits of Plate 
IV, or about 47 degtees, the throttling of 
the calorimeter exhaust and the backing 
up of the secondary pressure will bring 
the problem back into the field covered 
by the plates. 

The plates are based upon the writer’s 
“Steam Tables.” the entire ques- 
tion of steam properties is now an open 
one, the writer took the precaution to 
compare his tables with the most recent 
determinations of the properties of satur- 
ated steam before laying out the plates. 
The comparison, as given below in terms 
of the relations between pressure and 
temperature, did not. reveal sufficient dis- 
crepancy between the later observations 


Since 


.Sage 


REE V & 


and his own published values, nor suff 
cient agreement between the newer obser- 
vations themselves, to warrant preference 
for the later over the published values. 


TEMPER- PRESSURE according to 
ATURE — - 
Fahr- H.F. Wiebe, Knoblauch, Reeve's 
enheit. of Charlot- Linde and “Steam 


tenburg. Klebe, at Mu- rables.’’ 


Zeitschr, 1904, nich. Zeit- 

page 315 schr., 1905, 

page 1697. 
230° 20.80 21.16 20.79 
248 28.84 29.07 28.84 
266 39.26 39.65 39.30 
284 52.57 52.82 52.55 
302 69. 26 69.21 69. 22 
320 89.96 89.94 89.97 
3358 115.30 115.33 115.30 
356 145.96 145.67 146.0 
374 182. 63 182.6 
392 226.07 226.0 
410 277 06 276.5 
425 336.3 336.3 
446 404.7 404.9 


The projection of the plates, of course, 
called 
to be used for the specific heat of super 
heated steam. 


for some decision as to the values 


The writer’s recent article 
upon this topic made clear his lack of 
faith in the accuracy of any set of values 
yet published, or of any of the suggested 
laws of variation of specific heat with 
pressure and temperature. Some assump 
tion being necessary, however, one was 
based upon the general facts which appear 
to be the 
work of ‘Knoblauch, Thomas, 


most probably indicated by 


Jakob and 
most particularly, and by others as well, 
the saturated condition 
varies widely (and di 
but that as the 
differences 


viz, that close to 
the 


rectly) with the pressure, 


specific heat 


superheat increases these die 


out. The law of this “dying out” was as 
sumed to be a straight-line function, and 
the slopes of the straight lines such that 


all for the different pressures would meet 


virtually in a common point. The formula 
used was: 
. 4 on 
S, ( Ty — 310) — oO 0000 
oS) a 
3000 310) S 
(7, — 750) 7, 


wherein 7» is the absolute temperature 
of saturation at the given pressure and 
7; is the temperature of superheat above 
Thus, at saturation the 


ond term disappears and the specific heat 


saturation. sec- 


varies with the gage pressure as follows: 


Vac., in. ———_—— Pounds. ————___ 
P 28.6 22.6 Atm. 52 88 1387) «69204 «267 
Sp 0.36 0.40 0.48 0.60 0.64 0.68 0.72 0.75 


At all pressures above 42 pounds by 
the specific heat will diminish from 
the above figures, according to the as 
sumed formula, as the superheating pro- 
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ceeds and the temperature rises. At all 
pressures below 42 pounds the specific 
heat will imcrease with the temperature. 
All values therefore tend toward ultimate 
coincidence at a value of about 0.58. This 
point, however, lay outside of the range 
of superheat covered by the plates. Under 
all conditions covered by the plates the 
specific heat for a given superheat is as- 
sumed to be higher under higher pres- 
sures and lower under lower pressures. 





Unsatisfactory Piping 
By W. H. WiKEMAN 


The illustration, Fig. 1, is an arrange 
ment of pipes, valves, fittings, etc., that 
did not work in a satisfactory manner 
Hot water from various sources gravi 
tates to the receiver and is pumped back 
into the boiler. It comes from a heat 
ing system that is operated under light 
pressure through the right-hand pipe. The 
trap A discharges the drip from an elimi 
nator located in the main steam pipe and 
consequently carries boiler pressure. Trap 
B takes the return from several glue 
kettles which are given boiler pressure 
nearly, and trap C is on the drip-pipe 
from an exhaust-pipe head. The trouble 
in this case consisted of water thrown 


POWER 


is shown in dotted lines, but this was not 
included in the original installation, which 
accounts for the apparent failure of the 
exhaust head. Three of the pipes dis 
charging into this receiver are fitted with 


fH, 
| 
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system was light, but it exceeded that 

the exhaust head which could not be 
more than is due to the atmosphere, con 
sequently the check-valve in that drip- 


pipe remained closed, water collected, 





re { = 

















FIG. 2. FAULTY 
check-valves .which add to the first cost 
and are of little or no value in service, 
while they are positively detrimental in 


some cases. If pressure in the receiver 


exceeds that above either of the check 
valves, 


that valve will remain closed as it 
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FIG. I. POOR ARRANGEMENT OF PIPES AND FITTINGS 


out of the exhaust head in large quanti- 
ties at intervals, making it more objec 
tionable than if it came out at a low rate 
continually. 

At the left of the receiver a vent pipe 


was intended to when made, but if the 
receiver pressure is the lowest, then all 
of the valves will open, consequently none 
of them is needed. 

In this case pressure from the heating 


LOOV 





CONSTRUCTION 

and finally was blown out on the root by 
the exhaust steam. A _ trap 
should be located in the drip-pipe bring 
ing returns from the heating system, then 
all four pipes would discharge under at 
mospheric pressure and none of the check- 
valves would 
ought to be open. 

In my plant there are 16 traps taking 
water under three different pressures, all 
the discharging 
into one receiver, yet there is no trouble 
in getting the water back freely as there 
are no check-valves on the return pipes, 
and none is needed, but chere is a large 


puffs of 


remain closed when _ it 


above atmosphere, and 


vent pipe to the atmosphere, consequently 
pressure cannot accumulace in the receiv- 
er. 

This vent pipe answers another purpose 
which should not be ignored. If one of 
the traps fails to work properly, thus dis- 
charging steam mixed with the hot re- 
turning water, this steam appears at the 
vent the engineer of 
the Unfortunately it not 
designate the particular trap at fault, but 


pipe and notifies 


defect. does 
the engineer can determine this point by 


investigation, and prevent further waste 


of steam. A cold-water pipe shculd be 


ccnnected to every receiver, not only 
to make good the loss of water which 
always takes place from heating systems, 
but also to enable the engineer to con 
dense the steam escaping from a defec 
This 
is important because a pump will not al 


tive trap until repairs can be made. 


ways take water and run smoothly un 
der the above mentioned conditions, even 
if some of the surplus steam does escape 
to the atmosphere, and lack of a cold 
water supply may cause the plant to be 
shut down. As this will generally result 
in pumping more water than the boilers 
require, an outlet feed-pipe 


from the 
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should be provided, through which some 
of it can escape to the sewer. This plan 
is better than to pump it into the boilers 
and blow it out again, which cannot be 
avoided where an outlet is not provided. 


WRONGLY CONSTRUCTED Loop 

Fig. 2 illustrates the exhaust pipe of 
an engine through which steam under 
light pressure is forced through a hori 
zontal separator as indicated by the ar 
row. The owner did not wish to pur 
chase a good automatic trap for the drip- 
pipe, therefore he made a loop in the pipe 
as shown in order to prevent excessive 
waste of steam, for when both live and 
exhaust steam are used for heating, a 
given quantity of the latter is worth as 
much as a like quantity of the former. 
Water stands in both legs of such a loop. 
therefore the weight of it is balanced, 
but owing to its inertia and the slight 
friction of it when moved in the pipe, 
this device is of some value as a trap. 
One point to which I call attention is 
that the leg A is too long, as it is higher 
than the bottom of the separator, hence 
water stands in the body of it at all 
times, which is not right, as it ought to 
have a clear fall of at least 6 inches in 
the pipe before meeting an obstruction 

The purified steam passes on through 
an ell, also through a reducing tee into 
the pipes branching to the right and left. 
On the end of each is a tee followed by 
distributing pipes that conduct it to vari- 
ous parts of a building. through more 
complicated conditions than are shown 
here, as only enough is presented to illus- 
The small 
pipe that is connected into the tees was 
not a part ‘of the original design, but 
was added afterward for the following 
reasons: There was not enough of the 
exhaust steam to completely fill the pipes, 
therefore those that offered the least re 
sistance were heated and the others re 
mained cold. The former took steam 
through the right-hand pipe, therefore 
the small pipe was put into the left-hand 
tee through a bushing and continued past 
the opening as shown by the dotted lines, 
thus forming a siphon or suction tee and 
when live steam was turned into this de 
vice it drew all of the exhaust steam after 
it. This made it necessary to put a si- 
phon in the right-hand tee and these give 
the engineer complete control of the 
steam supply as he can draw a greater 
or smaller portion of it to either side of 
the building, or divide it equally and the 
live steam so used goes to assist in heat- 
ing the rooms and it is needed because 
the exhaust steam is not sufficient for the 
purpose as above mentioned. 


trate the interesting points. 


This assists in relieving the engine of 
back pressure, which seems to be consid- 
ered a great detriment by some engineers, 
but there are many cases in which it does 
no harm and costs nothing. This is well 


illustrated in my plant, where a heavy 
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back pressure on that are of 
ample size for their loads, causes more 
steam to pass through the cylinders than 
would otherwise, but it assists in heating 
the buildings, and less live steam is re- 
quired accordingly. 


engines 


A Satisfactory Producer -gas Plant 


By F. C. Tryon 

In the early part of 1902 a manufac- 
turing company which has its factory in 
Brooklyn, N. Y., found the power plant 
too small for its growing business. They 
were using a 35-horse-power gas engine 
on city gas, driving an electric generator 
tor transmission to numerous shop motors. 
The use of producer gas was suggested to 
them as a substitute for the 
which was considered expensive 
to use in an engine of the size then un- 
der consideration. 


city gas, 


too 


Producer gas was not 
a well-known or well-developed process 
six years ago, and an investment of sev- 
eral thousand dollars in such a plant, with 
its possibility of failure, was considered 
quite a “long chance.” 

After such investigations as 
were possible, and relying considerably on 
manufacturers’ guarantees, a plant was 
installed consisting of a 125-horse-power 
producer and an &5-horse-power gas en- 
gine. It was started into commercial op- 
eration early in June, 1902, with a load of 
about 55 horse-power, and very little trou 
ble was experienced from the start. The 
plant fulfilled the guarantees, or suffi- 
ciently so to be satisfactory, as at that time 
there was no opportunity of getting a full 
load on the engine. The business soon 
increased to the extent of a full load, and 
the few things necessary to learn in re- 
gard to the care and %peration of the 
producer and engine, to get satisfactory 
results, were soon acquired. The produ- 
cer was of the up-draft pressure type and 
the fuel used anthracite pea coal. 

The engine running at full load devel- 
oped 85 horse-power, 57% hours per week, 
averaging a little over 9% hours per work- 
ing day, and the coal consumption aver- 
aged three tons per week, including all 
stand-by losses and also the fuel neces- 
sary to use in the small steam boiler which 
supplied the steam for the producer. Run- 
ning 57/2 hours per week at 85 horse-pow- 
er, the engine develops 4888 horse-peyv’er- 
hours and uses 6720 pounds of coal, or 
1.375 pounds of coal per horse-power-hour, 
charging all the fuel consumed to work 
produced. 


making 


l'tRE DRAWN ONLY ONcE IN NEARLY S1Ix 
YEARS 

During the entire fiv: and one half 

years the producer has been in service 

the fire has been out but once, when it was 

necessary to make the only repair this 
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part of the plant has required. This re 
pair was to bolt the hood on the blast 
pipe, which had been knocked loose in 
barring the fire. Either the hood had 
never been bolted in place, but was sim 
ply set over the pipe and held in place by 
its own weight and the weight of the fue! 
bed above it, or the bolt had rusted off. In 
either event it became loose and had to 
be replaced. 

The engine was run until 5:30 o'clock 
in the afternoon, and the fuel in the pro 
ducer was consumed as closely as possi- 
ple. After the engine was stopped th: 
ashes were emptied from the producer, 
the doors opened in the ash-pit and at 
the top, so there was a draft of air 
through the producer. The hood was 
drawn out, the bolts fitted and everything 
made ready at 7:30 p.m. A workman 
went down a ladder into the producer, set 
it in place, bolted it, and was out again 
minutes. 


in 15 The grate and _ hood 
were covered with ashes, a new fire 
started, and at 9 o'clock the gas en 


gine was started again to sce if the gas 
was all right and to make sure that every- 
thing would be in proper condition for 
the work to commence as usual the next 
morning. As stated, this has been the 
only time the producer has had its fire 
removed in the five and a half years of 
service, and the only extra expense was 
for three small bolts and nuts, about five 
cents, with no extra time paid for in mak- 
ing the repair. In fact, during the entire 
period this plant has been in service not 
one cent has been paid for overtime for 
any repair, or overhauling. The only over- 
time paid for has been during rush sea- 
sons, when the entire factory has been 
worked overtime and this, durinz the 
five and one-half years, has equaled about 
six months’ extra service; so the plant 
has really been in operation six years. 
The only expense the gas engine has re 
quired has been four new igniter plugs, 
two new valve-stems and one new valve 
GAS ENGINE OF VERTICAL TyPE 
The gas engine is of the vertical type, 
with the cranks dipping into oil in the 
crank-case. The oil fed to the main 
bearings into the crank-case, 
and this splash in the oil keeps the lower 
end of the cylinders, wrist-pins, center 
bearings and crank-bearings all well lu- 
bricated. Two gallons of oil per day is 
fed to the crank-case through the main 
bearings, one gallon of fresh oil and one 


gallon of filtered overflow from the crank- 
case. 


overflows 


The plant uses city water, metered, and 
when running at full load uses 4200 gal- 
lons of water per day, or 5.15 gallons per 
horse-power-hour. This supplies what is 
necessary for jacket water for the en- 
gine, cooling and cleansing water in the 
wet scrubber and water for the boiler to 


supply steam for the producer. The 
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water from the jacket of the gas engine is 
run into and through the trough or long 
basin arranged for the workmen to wash 
up in after working hours. This water 
leaves the jacket at about 115 degrees 
Fahrenheit during the winter, and 120 to 
125 degrees Fahrenheit in the summer. 

The coal for the producer is delivered 
to the building in carts and dumped into 
a hopper in the floor, from which it is ele- 
vated by endless chain buckets to a bun- 
ker on the roof of the building, and 
spouted from this bunker directly into 
the producer top. About 200 pounds 
of coal is fed to the producer at each 
The producer is charged five 
Saturday an ex- 


charge. 
times a day, 
tra charge is fed to carry the fire over 
until Monday morning. 

Two men look after the power plant. 
One could probably do all the work re- 
quired, but the load is very fluctuating, 
and it is therefore considered preferable to 
have a man at the engine all the time. 
Work is started in the factory at 7 o’clock 
in the morning, the producer operator be- 
ginning a half hour earlier. The engine 
is not stopped during the noon time, as 
only a half hour is allowed the employees 
for the noon meal. The day’s work is 
over at 5:30 p.m. 


and on 


DETAILS OF OPERATION 


The first duty performed by the gas 
operator on his arrival is to start up the 
fire in the boiler, open the dampers and 
ash-pit doors and feed on fresh fuel. The 
boiler usually carries a steam pressure of 
from 60 to 80 pounds, and in the morn- 
ing, after being closed over night, there 
usually are from Io to 15 pounds of 
steam and a fire which quickly responds 
to the draft. While this fire is lighting 
up, the producer is thoroughly barred. 
There is no steam on the producer at this 
time, therefore there is no trouble with 
gas blowing out in one’s face. The fire 
is low and the gas does not ignite at the 
When the fuel bed 
has been thoroughly barred, the bottom 
of the producer is opened and the ash-pit 


poke-hole openings. 


This work has occupied about 
this time 


cleaned. 
20 minutes and by there is 
sufficient pressure of steam in the boiler 
to start the producer. 

Steam is turned on lightly, with the air 
inlet wide open, then the operator mounts 
to the top of the producer and feeds in 


about 200 pounds of coal. By this 
time the test flame is lighted and shows 
gas rich enough for the engine. At 
7 oclock the whistle sounds and every- 
thing is in operation. Before turning 
the steam into the producer, water is 
turned on to the wet scrubber. The in- 


jector is started on the boiler. Before eith- 
er of these operations is started, the fig- 
ures on the dial of the water meter are 
taken. 

A regular log of the producer operation 
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is kept. Every move by the operator is 
noted by him in this book, giving the hour 
and minute it was performed and, if out 
of the usual, a record of the result. The 
engineer also keeps a record book and 
notes changes made in any of the valves, 
and the time. Jor instance, this nota- 
tion: “11:20; changed mixing valve from 
17—20 to 17—22.” This indicates that he 
had been using a mixture of 17 feet of 
gas and 20 feet of air, and that the gas 
had become richer and he had changed 
the mixture at time noted to 17 feet of 
gas to 22 feet of air. Again: “11:30; 
filled cylinder-oil cups,” or, “temperature 
jacket-water outlet, 117.” 

At one time the engineer was required 
to note the ammeter minutes, 
but since the number of motors has in- 
creased the fluctuations so frequently and 
continuously it is not considered of value 
and has been abandoned. The only no- 
tations now recorded are the overloads, 
time of occurrence, duration and amount, 
with remarks on the engine performance 
during such overload. A distinct change 
in the sound of explosions or exhaust by 
the engine is the warning given to the op- 
erator that the load on the engine is 
reaching its limit. This warning is early 
enough to give the operator time to make 
such changes as may be necessary. 


every I5 


OPERATING EXPENSES 


The éntire weekly expense for the op- 
eration of this plant is about as follows: 
Twenty-two dollars per week is paid to 
the gas-producer man $15 per 
the The man 
who has charge of the producer is thor- 
oughly competent to handle or repair any 
part of the entire plant, looks out for and 
keeps all parts in good condition and, as 
all this work is done in his regular time, 
there is no time-charge for or account 
Coal costs $3.85 
per gross ton delivered (in the factory) 


and 


veek to engineer. 


gas 


made of these repairs. 


and oil for the engine costs 22 cents per 
gallon. A bale of waste costing from $5 
to $6 lasts a year. 

The total expense for running this plant 
figures about as follows: 
3 tons (gross) coal per week at $3.85 $11.55 
6 gallons oil per week at $0.22.... 1.32 
Waste per week 
{200 gals. water per day, 25,200 gals. 

per week, or 3360 cubic feet at $1 

per 1000 clibic feet... «. ..... cies ses 3.36 
Labor per week, gas man 
Labor per week, engine man........ 


Total cost per week for power.$53.38 

Fifty-five hours’ work per week, or 4675 

horse-power-hours, costs $53.38 or $0.01141 
per horse-power-hour. 


GENERAL REMARKS 


This plant cost originally, “erected on 
the foundations, about $7000. It is to all 
appearance as good as the day it was in- 
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stalled. The lining of the producer, the 
part most likely to show the effects of 
wear, is clean and in good condition, 
showing no indications of depreciation. 
All the valves, pipes and fittings are in 
good condition apparently, and while the 
officers of the company say they are an- 
nually charging off 10 per cent. for de- 
preciation, they consider the plant worth 
as much to-day as when new. The re- 
pairs on the producer have cost nothing 


and on the gas engine not exceeding 
$150, or less than 2% per cent. for the 


entire time, about four-tenths of I per 
cent. per annum. If the interest on the 
cost of the plant is figured at 5 
cent. per annum, and depreciation and 
repairs at 10 per cent., this cost 
annum would amount to $1050, or $21 
per week; and add to the above cost 
per horse-power-hour, $0.0045, making the 
entire cost of operation including inter- 
est, depreciation and repairs, fuel supplies 
and labor $0.01561 per horse-power-hour. 

There are more causes than the getting 
of a good plant to start with for the suc- 
cess that has followed this installation. 
Intelligent and careful attention to all the 
details of every-day operation, daily re- 
ports of every move made, and their re- 
corded results, and careful selection of 
fuel adapted to producer work. All con- 
tracts for fuel are based upon its being 
suitable for use in their producer, and 
any coal rejected by the producer opera- 
tor is taken back by the coal man, and 
other fuel supplied in its place. All 
needed repairs are made daily as soon as 
developed or discovered. The operator 
feels he can confer with the management 
at any time regarding anything in his de- 
partment, and knows that he will receive 
courteous and careful attention with im- 
mediate decision. 
aged by the management and its value is 


per 


per 


This feeling is encour- 


apparent. 


The company has just installed another 


producer of 300 horse-power capacity and 


a gas engine of 150 horse-power. This 
new installation takes the place of two 
had to 
put in at different times to take care of i1 
loads ; 


30-horse-power gas engines they 


creased these two engines were 


run on city gas. The new plant will sup 
ply all the power required now and pri b- 
The addi- 
tional producer power is to be used in 
brazing furnace work, taking the place of 
coal furnaces. The use of producer gas 
for this purpose will result in a very large 
saving in this part of the work, besides 
being much more easily controlled and 
less liable to damage from inattention or 
carelessness. 


ably for some time to come. 


Besides, it occupies about 
one-fourth as much space on the floor. 
The plant described is that of the Phenix 
Tube Company, of Driggs avenue and 
North Eleventh street, Brooklyn. They 
were pioneers here in adopting producer 


gas. 
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andy Slide-valve Diagram 


Convenient for Laying Out the Movements of Valves, Determining 
the Different Events, and Designing Valves and Valve-gear 
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The accompanying diagram provides a 
convenient means for laying out the 
movements of valves and determining 
the valve events and particulars neces- 
sary to enable one to design valves and 
valve-gears. 

The diagram will explain itself to many 
readers, but for the benefit of those who 
may require more definite explanation the 
following description is given. 

Suppose, for example, an engine with a 
4-foot 10-inch stroke to have a maximum 
valve travel of 8 inches, the length of the 
connecting-rod being 9 feet 8 inches and 
the length of the crank 2 feet 5 inches. 
First, scribe the crank-pin circle on a re- 
duced scale, say 2 inches to the foot. 
From the same center O, and half the 
travel of the valve, or 4 inches as a radius, 
make the valve-travel circle full size, and 
draw the center line of the engine through 
O. Then from T and B, which represent 
the center of the crank-pin at the top and 
bottom ends of the stroke, with the length 
of the connecting-rod as 
locate A and Bb, in 
which 


the distance, 
the line of stroke, 
indicate the center of the cross- 
head at the top and bottom ends of the 
stroke. 


To Determine Latest Cut-oFrr 

\ssuming that we wish the latest cut- 
ff to take place at 66 per cent., or 38.28 
inches, from beginning of stroke, meas- 
uring from ¢ 38.28 inches to ?¢’, and from ?’ 
with the length of the connecting-rod we 
locate XY on the crank circle. Assuming 
the crank to turn from T toward X, as 
shown by the arrow at T, draw a straight 
line from X through O, locating Y. From 
Y with the length of connecting-rod we 
locate Z, the point of cut-off on the up- 
stroke which is 31% inches from b, the 
bottom end of stroke; a difference of 
38.28 — 31.125 = 7.155 inches in the length 
of cut-off between the up 
strokes, which is caused by the angularity 
of the connecting-rod. The shorter the 
connecting-rod in proportion to the 
length of the crank, the greater will be 
this difference, and vice versa. The mean 
cut-off of the up- and down-strokes would 
therefore be only 

38.28 + 31.125 

2 

o obtain 38.28 or, 


( 


and down 


= 34.7 inches 


i say, 38% inches 
mean cut-off, with equal steam lead, it is 
necessary to add 

7-155 + 2 = 3.58, 


Say 314 inches, to the length of the cut- 


H.  F 


off on the down-stroke, making it 38% + 
3% = 41% inches. Locate e, from which, 
with the length of the connecting-rod, we 
find £, in the crank circle, and draw E O, 
extending it to E, and from E£&’, with the 
length of connecting-rod we locate e’, the 
latest point of cut-off on the up-stroke, 
which will now be 34.85 inches from b, 
the bottom end of the stroke, giving a 
mean of maximum cut-off of 


41.75 + 34.85_ 


r = 38.3 inches, 


with equal steam lead at top and bottom. 

The valve is to have %-inch steam lead 
on top, therefore draw a line L parallel 
to and % inch from the center line T B of 
the engine. By trial find a point g on the 
valve-travel circle, from 
described will touch the lead line L, and 
the line E’ O, which represents the center 
line of the crank when the cut-off takes 
place on the up-stroke, while EO is the 


which a circle 


crank angle for the cut-off on the down- 
stroke. Then the radius gL of this circle 
will be the steam lap required over the 
port the mid 

Fe 4 / 
position. 


top when valve is in its 
In this case it measures 2 3/16 
27/16 inches, equals 


pO, 


maximum 


inches; 23/16+- 4 


lead, which equals 
the 


ing for admission on top, and the angle 


the lap plus 


1 13/16 inches, port open 


T Oq, which equals 38 degrees, will be 


the angle of advance required for the 


added to 90 
the 
follow the crank according 


eccentric, which degrees 


equals 128 degrees, which eccentric 


must lead or 
as the valve-gear is direct- or indirect-act 
ing. In case of a piston valve, whether 


the admission takes place outside or bh 


tween the disks, 23/16 + 1 13/16 4 
inches, or half the travel of the valve. 

Next draw a straight line from gq 
through O, locating g’ diametrically op 
posite, making the angle BOq’ and 
TOq equal 38 degrees. In order to 


cushion the piston and gradually take up 
the inertia and weight of the reciprocat 
ing parts when nearing the end of the 
down-stroke, on which the weight as well 
as the inertia should be cushioned, give 
the valve % inch more steam lead on the 
bottom than on the top, making the bot 
tom lead 3% Then the lead 
line L’ 3% inch from the line of 
the engine 7B, and parallel to it, and 
from q’ as a center, describe the bottom 
lap circle touching the lead line L’, the 
radius q’ L’ of this circle being the bot- 
tom 21/16 


inch. draw 


center 


lap, which equals inches ; 


& & § 


r & 


21/16+ 34 = 27/16 inches, the distance 
of the valve from its mid-travel; Of’ 
equals the maximum port opening for 
steam admission on the bottom during the 
up-stroke or 115/16 inches; 115/16-+4 
21/16=4 inches or half the travel of 


the valve. 

As the bottom lap determines the point 
of cut-off on the up-stroke and the top 
lap determines the cut-off on the down 
stroke, from q; with a 
radius of 21/16 inches equals bottom lap, 
of 23/16 
lap, we describe the 
crank angle E O, 
the down-strok« 


strike an arc b 


and from gq’, with a_ radius 
inches equals top 
are I’, which touches the 
for the latest cut-off on 
As the valve has more lead and less lap 
on the bottom, lengthen the cut-off on the 
up-stroke. Next draw O E”, touching th« 
arc b, when E"’O will be the crank posi 
tion when the cut-off takes place on thi 
up-stroke, and with the length of con 
find the point e¢’ 
the bottom 


of stroke, which is now the length of the 


necting-rod from E” we 
equals 36 inches from 2, end 


. giving a mean of 


stl kx 


cut-off on the uy 


41.75 + 36.00 


2 


38.87 inches. 


Draw OA and OA’, touching the lap 


circles L and L’, which will be the crank 


positions when the valve is beginning t 


open the top and bottom ports for admis 


sion for the down- and up-strokes, E and 


E" being the crank positions when the 
the top and bottom 


"1}OS¢ 


valve begins to 
ports, and expansion begins on the down 
ré sper 


and up-strokes, tively 


To OpstaAin COMPRESSION 


\ alve so as to clos: 


Next the 
the top port against the 


construct 


exhaust for com 


pression at 92 per cent. of the up-strok« 


inches from ft, the 
\t this point 


inches and 4 


Ir 531% 
top end of the up-stroke 
from which, with the length of 
locate | the crank 
the crank-position CO 


_— 
iocate Cc, 


connecting-rod on 


circle and draw 


From gq, as a center describe a circle b” 


touching CO; the radius of this circle, 
which is 5¢ inch, will be the exhaust lap 
required for the top port of the valve, 
and as the crank angle CO is toward 


for down 
Since 
the re 


A O, the admission crank angle 
stroke, this lap must be “negative.” 
the 


lease on the down-stroke 


top exhaust lap determines 
as well as the 
compression on the up-stroke, and since 


this lap is “negative,” making the release 
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earlier than if it were positive, we use the 
same radius, % inch, and with q’ as a 
center describe an arc of a circle JD’ 
toward EO, the cut-off crank angle for 
the down-stroke; if the lap were positive 
this arc would be toward the admission 
crank angle A’ O, for the up-stroke and 
the release on the down-stroke would be 
later; OP, the maximum top port open- 


ing during the exhaust on the down 
stroke, which is 45% inches, would be 


OP” or 3% inches, the exhaust lead on 
top, which is 3 1/16 inches, would be only 
113/16 inches if the lap were positive 
instead of negative. Draw the crank 
position RO touching this are and with 
the length of the connecting-rod, trans- 
fer Rk to r in the line of stroke, we find 
r, 7% inches from b, the bottom end of 
the down-stroke. Then RF is the position of 
the center of the crank-pin, and 7 the center 
of crosshead-pin when the valve begins to 
open the top port for release on the down 
stroke. 

To close the bottom port for compres- 
sion on the down-stroke at 4% inches 
from 6, the bottom end of the stroke, 


Valve 2 ‘4, above Mid-trave 





a7 Steaw and Exhauet Leads for ( 
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down-stroke and the release on the 
stroke would be P’ O, the 
mum bottom port opening during the ex- 
haust on the up-stroke, which is 4% 
inches, would be P’” O or 3% inches. The 
exhaust lead on bottom which is 29/16 
inches would be 25/16 inches, if the lap 
were positive instead of negative. 

Next draw the crank angle R’ O, touch 
ing this arc and with the length of the 
connecting-rod transfer FR’ to r’ on the 
line of stroke; we find r’, 8% inches from 


up- 


later ; max1- 


t, the top end of the up-stroke; R’ is then 
the position of the center of the crank 
pin and +’ the center of the crosshead-pin 
when the valve begins to open the bottom 
port for release on the up-stroke. The 
mean compression being 
I I 
4% 4 2 a 4h 
inches, and the mean release 
84+7% — 7% 
2 
inches from the end of the stroke. 
With positive exhaust lap R and R’ 
would take the places of C and C’. 
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locate c’, and this point, from which with 
the length of the connecting-rod, we locate 
the crank circle, and draw the 
crank position C’ O. From gq’ as a center, 
describe the circle /”, touching C’O; the 
radius of this circle we find to be % inch, 
which is the exhaust lap required for the 
bottom port of the valve, and as the crank 
angle C’ O is toward A’ O, the admission 
crank angle for the up-stroke, this lap 


cu 
( on 


must also be “neszative,” and since the 
bottom exhaust lap determines the re- 
lease on the up-stroke as well as the com- 
pression on the down-stroke, and since 
this lap is negative, making the release 
earlier, we use the same radius, % inch, 
and with q as a center describe an arc 
of a circle l’”’ toward E” O, the cut-off 
crank angle for the up-stroke. If the lap 
were “positive,” this are would be toward 
AO, the admission crank angle for the 


[HE SLIDE-VALVE DIAGRAM 

lf we had neither negative nor positive 
exhaust lap, that is, if the opening and 
closing edges of the valve were line and 
line with the opening and closing edges 
of the ports when the valve is in its mid 
extended to the 
crank circle would be the crank position 


position, then qg and q’, 


at the instant one port opened for release 
and the other closed for compression. 

If we 7’ B’ to be the center 
line of the engine instead of TB. and 
that the eccentric and crank rotate from 
lr’ toward 7 


assume 


arrow at 7”, 
opposite to the direction shown by the arrow 
at 7, the throw of the eccentric being equal 
te the travel of the valve, then when the 
crank is at 7’, which we assume to be its 
top center, g and q’ will be the positions 
for the center of the ahead and astern 
eccentrics when the valve admits steam by 
the 


‘.as shown by the 


outer edges and the 


valve-gear is 
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direct acting, g being go degrees plus 38 
equals 128 degrees ahead of the crank, 
while g’ is the same angle behind the 
crank. 

In this position the top port is %4 inch 
open for steam admission for the down- 
stroke and the valve is a distance OO’ 
or 27/16 inches below its mid position, 
which is equal to its steam lap plus lead 


or 23/16+%4—=27/16 inches; the bot- 
tom port is open to the exhaust 29/16 
inches. 


The various positions of valve in rela- 
tion to the ports corresponding to O, O’, 
O”, O’" and O”” show the steam and ex- 
haust laps, leads and maximum port 
openings 





The Thermometer as a Steam 
Gage 


By Witiram T. Heck 


It is sometimes desirable to know the 
steam pressure in a pipe at a point where 
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ii is not convenient to tap for a gage 
connection, or where a permanent con 
nection may not be desirable. In this 
case the pressure may readily be found 
by means of a thermometer and stean 
tables. For steam that is not supe 


heated, its pressure and temperature have 
a definite relation, and, knowing the tem 
the obtained 
steam 


perature, be 
from 


The method of attaching the thermom 


pressure 
table. 


may 
any 


eter is to scrape a smooth surface, one 
by six inches, on the pipe, polish with 
emery cloth and place on this surface a 
half tube made from a piece of tin, six 
by one and one-half inches, with flanged 
edges and of the right diameter for the 
thermometer to slide in easily when it 
rests upon the pipe. Tie this fast to the 
the thermometer 
slip in a twelve-inch piece of iron of a 


pipe and in place of 
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slightly greater diameter than the ther- the thermometer on the outside of the 
mometer. Then cover this and the whole pipe was found by attaching this arrange- 
pipe with a pipe-covering paste to a depth ment to a six-inch steam drum _ used 
of one inch for a length of one foot, and ordinarily for testing thermometers by 
when it dries turn the iron rod and draw comparison with a standard gage, and 
it carefully out. The thermometer may which had a good thermometer-well in- 








. 
023 


The two curves, Fig. 3, are plotted 
from values found in Peabody’s steam 
tables and by means of these, when any 
temperature of steam is known the cor- 
responding pressure may be found by 
running up to the curve desired from the 





: \ Therhiometer 





} 
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is given a general idea of the method of 
placing the thermometer on a steam pipe 


= Steam Pipe Pipe Covering 
ay Pherimemetel Ai3t — 
FIG. I. METHOD OF PLACING THERMOMETER 
ON PIPE Half Tube 
then be inserted at any time and the tem- 
perature noted. 
In the accompanying illustration, Fig. 1, 


= 





Fig. 2 shows a sectional view of the out- 
fit, showing the section of the top of the 
pipe, the cavity made by placing the half 
tube and the thermometer in position and 


serted. The reading of the two thermom 
eters was found to be exactly the same 
This was because the thermometer in the 
ing material. well was in 


over all the thickness of the pipe-cover- 
a vertical position and the 

For the reading to be accurate, steam one on the outside was horizontal, both 
must have been in the pipe an hour be- of them being of a rather cheap make 
fore the temperature is taken and ten with no pressure above the mercury. 
minutes should be allowed after the ther- These thermometers were replaced by two 





mometer is inserted before taking a read- having compressed nitrogen above the 
ing. It is preferable to leave the ther- mercury, and the difference showed five 
mometer in the cup all the time and then degrees lower for the outside one. So 
it will always show the correct temper- that if a nitrogen-cushion thermometer is 
ature. For a rough determination this used, five degrees should be added, no 
method is all right, and if the lagging is matter what its position, while if a 
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FIG. 3 


arefully applied, the thermometer will cheaper instrument is used, the horizontal 
ead correctly within five degrees of the position gives a reading nearly correct, 
.ctual temperature of the steam, the read- and five degrees should be added, if in 
ng, of course, being that much too low. a vertical position, to obtain the temper- 
The difference in temperature between ature inside the pipe. The Fahrenheit 
lat of the steam and that indicated by scale is referred to in the above 

















FIG. 2. SHOWING SECTIONAL VIEW OF OUTFIT 


temperature scale, and horizontally across 
from this point on the curve to the pres 


sure scale. 





New Boiler and Engine Rules 


for Scranton, Penn. 


The City of Scranton, Penn., has adopt 
ed an ordinance providing for a systen 
of inspection of stationary engines and 
boilers, regulating the construction of 
boilers, prohibiting the operation of stean 
engines and boilers without a certificaté 
of inspection, or by unlicensed engineers, 
and prescribing a penalty for violatio 
thereof. One of the sections of the ordi 
nance provides that all boilers hereafte: 
constructed for pressure greater than one 
hundred pounds per square inch must b 
built with butt-strapped joints; that all 
second-hand boilers of greater age thar 
ten years are prohibited, except those of! 
butt-strap construction, and it shall be 
unlawful to bring into the city for us¢ 
therein or to use in the city any boile: 
violation of this provision, with the e» 
ception of vertical boilers or cylindrical 
shells. All boilers up to eighteen feet lon; 
must be made up of not less than three 
evlindrical sections, and all over eighteen 
feet must be made up of not less than 
four cylindrical sections. These restric 
tions do not apply to boilers already in 


use 


The colleg¢ of engineering of the Um 
versity of Wisconsin will this year give a 
summer course for advanced work for 
chemical, electrical, hydraulic, mechanical 
and gas and steam engineers. The engi 
neering summer session will be held at 
the same time as the regular university 
summer session, beginning June 20 and 


continuing until July 31 





The Institute of Mechanical Engineers 
has more than five thousand members. 
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Practical Letters from Practical -Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





WE PAY FOR USEFUL 


Removable Hooks on Sinking- 
pump Hangers 


By having the hooks on the hangers 
for suspending the pump from the tim- 
bers in a mine shaft removable (see the 
illustration), the raising and lowering of 
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Detail of Hanger 


HOOKS ON 
HANGERS 


SINKING-PUMP 


the pump in the shaft, when getting it 
out of the way of the blasts or “shots,” 
can be done in less time and with much 
less trouble. Besides this, the removal of 
the hooks gives some seven inches more 
of clearance for the pump. 

As the hooks on the hangers are usually 


made, there could not well be a much 


worse distribution of metal to carry the 
load. The dimensions of a hanger for a 
14 and 7 by 13-inch sinking pump are 1x3% 
After deducting one inch for the 
hole for the bolt that fastens the hanger 
to the pump, there remains available for 
carrying the load 2% square inches of 
metal in each of the two hangers. This 
amount of metal will give a large factor 
of safety when properly distributed. 

A 14 and 7 by 13-inch sinking pump 
weighs 3500 pounds. This with the weight 
of the water column with the water ir 
it and the weight of the suction, etc.. 
makes about 10,000 pounds, maximum 
load on the hangers. Theoretically the 
weight of the column pipe should not 
rest on the pump. 

I have gone somewhat into detail con 
cerning the change I have made in the 
hook of the hanger, as persons who have 
not given any consideration to the matter 
might be inclined to think my design 
weak, as it is some less in cross-section 
than the hangers as usually made. The 
hooks must be made so they will not dis 
connect automatically the hanger 
bar, when the pump 
If they do, they are very likely to fall 
to the bottom of the shaft. The slight 
increase in cost of hangers with remov 


inches. 


from 


starting to raise 


able hooks over the present design will 
be more than offset by the trouble and 
annoyance the former save when shifting 
the pump. 

A. H. Hate. 


Denver, Colo. 


Why Not Let the Engine Pull the 
Chain ? 


Some time ago I saw an article on 
“Modern Safety Devices for Prime Mov- 
ers” (H. R. Mason in December, 1907, 
Power), and also in the same number a 
description of several fly-wheel accidents, 
and an advertisement stating that 46 fly 
wheels had burst in 1907. 

Mr. Mason’s remarks were well taken, 
that a plainly operated valve could be 
used to advantage, instead of certain 
speed-limit or automatic devices. No au- 
tomatic device will save a cylinder-head 
or a fly-wheel if the conditions are just 
right for an accident; it requires some- 
thing more reliable and quicker to ope- 
rate. I will trust an attentive engineer 
every time, rather than look for absolute 
protection from an automatic device. 


IDEAS 


devised an valve 
which I am pleased to call the “simplicity 
engine-stop.” Six of these valves have 
been in service on high-speed engines for 
the past 18 months at this, one of th: 
largest electrical plants in Columbus. We 
consider them a great factor of safety 
and more reliable than an automatic de 
less. They 
require no attention nor renewal of parts 
and no adjustment. They are always 
ready for an emergency, and will last 
as long as the engine. 

It is the only valve ever constructed 
as an engine-stop that can be closed in- 
stantly and positively by a pull on the 
chain which hangs within easy reach of 
the engineer (see sketch), usually one 
side of or remote from the fly-wheel. It 


I have emergency 


vice, besides costing much 


SATE 
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MR. RANNEY’S EMERGENCY VALVE 
is the only valve that can be closed and 
opened against the steam pressure fron 
the floor without the use of a ladder. 

If an engine is disabled or starts to 
run away, or is uncontrollable by its gov 
ernor, the engineer-in-charge, or anyone 
connected with the room, can 
quickly and positively cut off the steam 
by a pull on the chain. 

The coil spring on the valve-stem just 
above the stuffing-box is for the purpose 
of preventing the valve from closing at 
any time, or if the steam should be shut 
off the header for any purpose, and th 
spring just balances the weight of the 
gate and lever. The jack arrangement 
at the bottom of the valve, with a suitabk 
stuffing-box to prevent leakage, will surely 
and safely open the valve against the 


engine 
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steam pressure, after being closed in case 
of accident. 

We never expect to lose a fly-wheel on 
any of our engines, or a cylinder-head, 
from an excess of water from the boiler, 
as long as we use these valves. 

W. D. RANNEy. 

Columbus, O. 





Firing Boiler Furnaces with Wood 

My experience with wood burning has 
been limited to one plant, and only for 
a short time; but it was “good and 
plenty” while it lasted. It was in a mill, 


and the plant consisted of a Corliss 
engine and two 54x16 return-tubular 
boilers. The engine was run non-con- 


densing, with a practically constant load. 
There were the usual pumps, heater, etc., 
and the plant was well designed. The 
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start re-adjusting the engine was that I 
did not know anything about a Corliss, 
and it was perhaps fortunate, therefore, 
that my experiments were confined to the 
boiler room. 

After trying all adjustments of dam- 
pers and ash-pit doors, I discovered that 
by keeping a bed of coals raked well for- 
ward, and leaving the wood as near the 
doors as possible, better results were ob- 
tained. The ash doors were closed alto- 
gether and the fire doors were left ajar 
so that nearly all the air entered there, 
the rear half of each grate being covered 


with fire-brick. The result was that steam 


could be maintained without difficulty 
with three-fourths of the fuel formerly 
used. 


By referring to the sketch, which is a 
longitudinal through the boiler 
setting, the trouble can be better appre- 
ciated. The wood was piled in the fur 


section 

















boilers were supposed to be ample, but nace so that flues were formed between 
— 
|| 
Ml! ih 
— _ ~, _ _ —_ HI 
| ——t ts SO | ty 
°- ] =i WV 
°o ¢ eee — ° © 
— 3 1 h 
— ° pe ° - 
° | ‘ ars) | | | oll | 
° ofoo a) ° oll 
° o U 
; = é 4 UY °| 
jo ° ° v 
t |o © ° © 
t | Jo r ° ° 
| |e e ; 
a 0 
| Is aia _f 3 
t \ jo 2 == 1@_= > 
\ A 1 : > 





Where Flame aud 


| ws 


i x Heat formerly weut 


Fire Brick beld 
by Angle I 











WOOD-BURNING 


it was almost impossible to keep them up 
with wood. The engineer was also fire- 
man. I secured the position on about 
the only recommendation I had, which 
was that | was more than six feet tall, 
with an average cross-section in propor- 
tion, and was therefore calculated to be 
able to handle considerable cord-wood in 
a day. 

The boilers were set in standard fash 
ion. The grates were each 54x54 inches 
ind 24 or 26 inches from the boiler. The 
bridgewall extended to within 12 
of the boiler, and the combustion cham 
ber was left open, its bottom being on 
the same level as the ash-pit. The smoke 
xtension was connected to the stack by 
i short breeching and the draft was good. 
lo look into those furnaces one would 
onclude that if such fires would not keep 
team nothing could. It had been 


inches 


be- 


ieved that something was wrong with the 
ngine, although nothing wrong could be 
und, 


The only reason that I did not 
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the sticks, and much of the air was simply 
carried back to the bridgewall without 
aiding to support combustion. At the 
same time air entered in large quantities 
through the rear end of the grates and 
followed over the top of the bridgewall 
without becoming intermingled with the 
The net 
was that while the draft was ex- 
cellent and the 
enormous quantity of excess air was pres 
ent to cool the gases coming in contact 
with the heating the 

In order to bricks on 


gases that might need oxygen. 
result 
well, an 


wood burned 


surface of boiler. 
the the 
grates a piece of angle-iron was _ bolted 
across each grate. It 
“rake the and 
the useful section of the grate from time 


retain 
was necessary to 


coals ashes forward onto 
to time, to prevent an excessive accumu- 
lation near the bridgewall, but this proved 
no serious inconvenience. 

distinct ad- 
vantage to have the grates set consider- 


ably lower than standard practice where 


It would, no doubt, be a 
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wood is to be used exclusively, and thus 
allow more room for the fuel. 
C. Lipsy 
New York City. 


What Causes the Lamps to 
Flicker ? 


Can reader of this suggest what 
causes our electric lights to flicker? The 
flickerings are too rapid to count, but to 
tape a lamp by the machine it seems to be 
every revolution of the armature. It is 
an old Westinghouse machine, with a two 
phase composite-wound 2200-volt 225- 
kilowatt alternator, running at 450 revo- 
lutions per minute, excited by a 125-volt 
Phoenix exciter running at 1200 revolu- 
tions per minute. The engine runs at 65 
revolutions per minute. 


any 


PUZZLED. 
Seattle, Wash. 


‘Trade-paper Advertising 


Every week I get several unsolicited 


circulars describing goods which I have 


never used, and as far as I know will 
never have any use for. The money 
these firms pay for postage, and the cost 


of the books, circulars, ete., must amount 
in the aggregate to a great deal, and if 
used to pay for an advertisement in the 
proper trade paper it should bring in far 
better returns. 

A good illustration of what a trade- 
journal advertisement will do is as fol- 
lows: I wanted to get certain articles for 
my employers; the man who buys the 
goods for the firm came to me and said 
he had failed to find anyone in the city 
who handled the kind of articles I wanted. 
I turned to my but could 
not find what | wanted; then, taking up 
a copy of Power, | 


catalogs, 


found the name of 
a firm who handled the very thing, and 
the goods were ordered from them through 
a local firm. 

Our hundreds of 
dollars’ worth of goods as a direct result 
of advertisements in trade papers, and I 
can hardly see that the advantages of an 
advertisement in a paper like Power re- 
is obvious that 
manufacturers can reach the majority of 


firm has purchased 


quire any explaining. It 


power-plant engineers in a sure, safe, 
quick and economical way through the 
Power advertising columns. Now tha 


The Engineer and The Engineers’ Review 
readers all the paper must 
the power-plant 
heeds, not only in the United States, but 
also in Canada and elsewhere. 


vet Power, 


practically reach all 


As far as I am concerned, I generally 
go through Power backward. I take the 
advertisements first and next the letters; 
but it always was good all through. 

James E. Nose, Chief Engineer. 

Toronto, Can. 





An Air-lift Problem 


I see in the February 18 number, page 
265, that Mr. Cerny asks for information 
on an air-lift. 

At a plant where I have been work- 
ing, we had a 6-inch well, drilled 150 feet 
deep. I installed an air-lift, as shown in 
the accompanying sketch. A 2-inch pipe, 
flared to about inches at the bottom, 
was put down 100 feet with a 34-inch air 
pipe alongside of it. The bottom of the 
air pipe was turned up about 5 inches in- 
side of the 2-inch pipe. To get good re- 


, 
2% 


(), 


_ 10x 12" 


Timber 


/ 4x1 Timber 





Ff £ 
/ 


POWER 


this way has proved satisfactory to my 


employers and myself. 
W. F. Burrow. 


4 
lg 


Hico, Texas. 
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FIG. 2 


sults, the discharge pipe should be sub 
merged for 65 per cent. or more of its 
length. At this plant, from the bottom 
of the discharge pipe to top of tank is 
130 feet and with 45 pounds of air we can 
lift 33 gallons of water per minute. 
W. B. AsHrTon. 
Alexandria, Va. 





Tightening Piston - nuts 


I wish, in justice to E. H. Lane, to give 
my way of tightening nuts on _ piston- 
rods. First 1 would say that the only ob- 
jection I had to his method was his using 
a 16-pound sledge until he was tired. I 


Useful Helps for the Engineer 


To make an unsightly looking engine or 
pump foundation attractive and neat, take 


Russian sheet 


tack then to strips of wood around the 
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iron, or zinc sheets, and 
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A serviceable heavy bench for pipe fit- 
ting, etc., can be simply made, as shown 
in Fig. 2. Take a piece of timber about 
I2xIo inches for the top and 4x4 inches 





Wooden Pane 





I 


for legs, putting a 34-inch bolt through 
the legs and block to hold it on. 

In laundries, etc., it is advisable to keep 
dust from flying around, and as line 
shafts with a lot of pulleys act as fans 
to draw and distribute this dust, a good 
way to prevent it where wood pulleys are 
used is to tack card-board on the sides 
of the pulleys as shown in Fig. 3. 

In going into engine and boiler rooms, 
you frequently find numerous tools, etc., 
lying on the floor, or thrown down any- 
where for want of a better place. A 
neat arrange them is to hang 
them on hooks. These hooks should be 
strong, made of '4- or %-inch round iron 
and inserted in holes in the wall or boiler 
setting, the hook being leaded in, as per 
Fig. 4. 


way to 


REPAIR. 
Cincinnati, O. 








FIG. 3 
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FIG. 4 


do not think it at all necessary to ham- 
mer on anything until tired; I think 
when you get metal to metal, and drill a 
small hole through to the piston-rod, with 
the hole tapped and plugged, a nut will 
stay tight. For the past thirteen years 


foundation as shown in Fig. 1, using half- 
round head brass tacks. This 
good looking job hiding all defects, dirt, 
oil, ete., and with a little ingenuity it 
can be arranged for any “shape of foun 
dation. 


makes a 





Dynamos and Motors 


My few remarks in regard to dynamos 
and motors, on page 338 of the March 3 
number, were not made to belittle George 
W. Malcolm’s article on the same 
subject appearing in the December num 
ber. It may be true that my experience 
is not very extensive, but that should not 


able 


prevent us from exchanging ideas. 

In connection with my former remarks, 
I forgot to mention that it is not advis 
able to remove the brushes too often, but 
it is very convenient to have at hand a 
picce of looking-glass to be held under 
the the the 
showing whether the brushes need sand 


brushes, reflection in glass 
papering or not. 
AvLBerT L. ANDERSON. 


Douglas, Alaska. 
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Causes of Knocks in Steam Engines 





If “W. O. R.” had been with me a few 
weeks ago he could have heard an engine 
pound because of improper valve setting. 

I had a four-valve automatic engine 
driving two dynamos, and the key came 
out of the exhaust-eccentric allowing it 
to slip a little, and until time to shut down 
the engine was quite noisy: We have 
only one unit so I could not change en- 
gines and did not want to stop until I 
had to. 

H. S. WiLpERMUTH. 


Lamoni, Towa. 





Buming Natural Gas Under a Boiler 


In answer to Dee Hays’ inquiry on 
page 302 of the February 25 number, in 
regard to burning natural gas under boil- 
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per foot of gas. (See Mr. Bendit’s arti- 
cle in the February 25 number.) It is the 
usual rule to allow 900 B.t.u. per cubic 
foot for Kansas natural gas, and assum- 
ing an efficiency of 75 per cent. for the 
boiler and furnace, we have the formula: 


34.5 X 966 


0.75 X 900 = 49.3 cubic feet. 


Epwarp H. LANE. 
Kansas City, Mo. 





The Chief and His Assistants 


“W. E. D.,” in the March 16 number of 
The Engineer, page 326, relates an ex- 
perience with boiler compound and asks, 
what would the readers do in this case? 
As to the merits of the compound or the 
“refusal” of the chief to use it, it would 
































ers, I would say that it requires no be impossible for the readers to decide, 
special change in the ordinary boiler since conditions are not known to us and 
setting. possibly not to the chief’s assistant. We 
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ARRANGEMENT OF FURNACE FOR BURNING NATURAL GAS 


The accompanying sketch shows how 
the burners are usually placed under a 
Babcock & Wilcox type of boiler. The 
stoker is usually left in its regular posi- 
tion, the gate being raised as high as it 
will go. The burners are placed under 
the gate and the open space bricked up 
with one thickness of fire-brick. The 
grate has one layer of fire-brick placed 
Hat-wise over it and plastered with fire- 
clay; over this is a layer of sand; the 
heory being that when the fire-clay sets, 
t will crack open and the sand will fill 
ip the cracks. 

At X is placed a checker-work of fire- 
rick extending clear across the grate 
nd its use is simply to break up the gas 

ts. The gas main is usually placed 
ist over the hopper, as shown. As for 

burner, there are several on the market, 
eing usually a combination of mixer and 
irner. 
As to the amount of gas per horse- 
wwer-hour, it depends upon the B.t.u. 


can, however, unite on the question as to 
what the chief should do with this assist- 
ant who thus takes matters into his own 
hands. 

Every chief engineer knows he is a 
subject for remarks and that during the 
noon-day chat and the visits in the en- 
gine room corner his words and deeds 
are criticized; but subordinate 
places on record the details of the de- 
partment with which he is connected and 
holds the chief up to ridicule, he should 
be severely dealt with. 

We cannot all be in 
plant; there must be 


when a 


charge of the 
a head and it will 
who is selected by 
consideration, and 
should receive the 


be the chief engineer 
the owners, after due 
He 
respect and obedience to which the posi- 
entitles him. No man should feel 
discouraged or resentful if he is an as- 
sistant, though this is often the case and 
is the cause of much unmerited criticism. 


held responsible. 


tion 
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The chief sees this and makes some al- 
lowance, for he has been an assistant him- 
self; but he should not tolerate it in an 
aggravated form or in such a public man- 
ner as in a technical paper. He says and 
does many things which it does not please 
him to explain and which he will work 
out to his own satisfaction in due time. 
He will advice and comments 
properly advanced in a well meant man- 
ner, but is entitled to his own methods 
and to exercise his own judgment without 
annoyance. 

If you do not like him, do your work 
and remain silent; if you are after his 
place you will not get it by hateful meth- 
ods. Help keep up the dignity of the 
position and treat its encumbent as you 
would expect to be treated when you 
have reached the goal for which you are 
aiming. 


welcome 


A CHIEF ENGINEER. 
New York City. 





Live or Exhaust Steam for 
Heating 

A few years ago | came across a plant 
in which the heating system was arranged 
as follows: The engine was a 24x60, 
with throttling governor, and ran nop. 
condensing dt 380 revolutions per min 
ute, exhausting into the atmosphere. The 
factory was heated by live steam from 
the boilers, there being no reducing valve. 
In addition to the engine, there was a 
large water-wheel, making up a total of 
about 300 horse-power. 

George P. Pearce had a letter on this 
subject on page 375 of the March to 
I would like to have him figure 
on placing a good feed-water heater be- 
tween the engine and condenser, in a 
plant such as I mention, with an auxiliary 
heater using steam from the pumps, and 
steam, through a 


number. 


using boiler-pressure 
reducing valve, for heating. 

I have before me a report on a test of 
a non-condensing engine of 225 horse- 
power, with a steam consumption of 46 
pounds. This was changed to a com 
pound, with the consumption lowered to 
I mention this in connection 
Pearce’s relation of a _ case 
where with 100 pounds boiler pressure 
the consumption was pounds per 
hour for the engines when run condens 
ing and 5000 pounds when run non-con- 
densing. My experience has been that 
his figure of five pounds for heating is 
all right. Considering the fact that no 
heating is required in the summer, I have 
found that 
the with an 
auxiliary heater for the pump exhaust, 
and using live steam through a reducing 


17 pounds. 
with Mr. 


4000 


a good, closed heater between 


engine and the condenser, 


valve, and reducing it to five pounds, 
is, for general practice, hard to beat. 
H. S. Brown. 


New York City. 
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Steam-cylinder and Valve 
Lubrication 


On page 504 of the March 31 number 
the statement is made by John L. Shel- 
don that in marine practice, which stands 
at the forefront of steam engineering, oil 
as a cylinder lubricant has been practi- 
cally discarded. Proceeding on_ these 
rather debatable grounds, he wishes to 
know why stationary practice still ad- 
heres to the use of cylinder-oil, with its 
chances for boiler troubles and graft. 

Granted that there are cases in which 
marine engines are run without cylinder- 
oil, there appears to be good reason why 
no serious trouble should result. Since 
the engines are of the vertical type, the 
weight of the piston does not come upon 
the interior cylinder surface, and conse- 
quently the only pressure against the 
cylinder wall is that due to the setting out 
of the rings. Under such conditions, it 
is not improbable that the engine could 
be operated without serious difficulty; but 
in horizontal engines of equal size such 
running would be sure to invite disaster. 

It cannot be said, however, that the oil- 
less marine engine is run without cylin 
der lubricant. The condensation of steam 
upon the interior surfaces must produce 
a film of moisture that will act as a lubri- 
cant to some extent. But when it comes 
to the relative values of hot water and 
oil as lubricants, opinions are not likely 
to differ. 

Mr. Sheldon dwells with considerable 
pride upon the interior polish of the 
cylinders in these oilless engines, and 
notes its absence in most engines using 
oil. The inference to be drawn is that 
the polish denotes a highly satisfactory 
state of affairs. On this point a reason- 
able doubt may exist. A highly polished 
metal surface is one that has suffered 
abrasion to such extent that the infinitesi- 
mal ridges have been worn down almost 
to a perfect plane. All this abrasion was 
not secured without the expenditure of 
force, and the source of the power re- 
quired to do the work of abrasion came 
from the engine itself. In other words, 
the polish in the cylinder is acquired and 
maintained at the of the coal- 
pile. Meanwhile, land lubbers and back- 
woodsmen in charge of 


expense 


steam engines 
continue to adhere to the ancient policy 
of using cylinder-oil, reducing the fric- 
tion load on the engines, all unconscious 
of the beautiful polish to be gained by 
abandoning the lubricant. Or, if they 
realize the possibilities of the plan, they 
wisely refrain For 
few engineers are anxious to acquire this 


polish if it simultaneously suggests their 
finish. 


from practi¢ing it. 


R. T. Strom. 


Scranton, Penn. 
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Peculiar Experience with a Large 
Pump 





Some time ago I had a peculiar experi- 
ence with a pumping engine. The plun- 
gers, three in number, were outside- 
packed; they were 22 inches in diameter, 
with 36-inch stroke, and ran at 43 revo- 
lutions per minute. The pump was lo- 
cated on the banks of a small river about 
three-quarters of a mile from the main 
works where the water was used. The 
water was delivered into tanks about 55 
feet high, pressure on the gage on the 
water line at the pumping station being 
30 pounds. One day the engineer heard 
an unusual knocking in the crank end of 
the high-pressure side. For about half 














Additional Air 
Chamber 

Priming, Indicator 

and Gage Valves 


SHOWING HOW THE 
an hour the pump would run quietly, then 
all at once there would be a heavy pound 
at the end of the stroke. It sounded as 
if the pump was not getting enough water 
and that there was air in the suction 
chamber. Reference to the illustration will 
show the for indi- 
cating and convenience when priming the 
pump chamber. 

On opening these valves on the delivery 
stroke, when pump was running 
quietly, a solid stream of water came out, 
but on opening them when the pump was 
pounding, the water was less in volume. 
This led me to think that the pump was 
getting air in:the suction chamber. The 
suction gage on the air chamber of the 
main suction pipe, while the pump was 
running quietly, showed a lift of 14 feet, 
but when the pump was pounding, the 


valve connections 


the 
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gage indicated 16 and 17 feet. It was 
thought then that the trouble was in not 
having enough water in the intake. A 
clear three feet of water was found be- 
low the strainer. The next thing done 
was to put an indicator on the pump. 
The indicator showed a steady pressure 
of 30 pounds until the pounding began, 
when at the termination of the stroke it 
jumped to almost 90 pounds. Then the 
conclusion was reached that the pump 
was getting air from below the suction 
valves and above the intake level, and 
subsequent events proved this to be so. 
3y quickly opening the valve, indicated 
by an arrow in the illustration, when the 
pounding commenced and closing it im- 
inediately at the end of the stroke, the 
knock was lessened somewhat. 








ADDITIONAL AIR CHAMBER WAS PLACED ON PUMPING ENGINE 


On the pump being stopped we took off 
all the covers and found about 30 de- 
livery valves raised up by débris under 
them. Of the suction valves there were 
four broken and seven raised up. This 
was a regular performance almost every 
Sunday, so we looked farther for the 
trouble. On going into the _ suction 
chamber, I found a crack, extending 
around the chamber wall, about 23 inches 
long; also, a large supporting piece in 
the middle of the chamber was cracked 
for about 15 inches. 
was 


The supporting piece 
2™% inches thick and the chamber 
wall about 134 inches thick. As the ten- 
sile strength of the iron is greater than 
the 90 pounds which the _ indicator 
showed, it is evident that a tremendous 
force must have been present to break 
the iron. Men were put to work dril 
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ling holes at the ends of the cracks and 
the holes were tapped and plugged; then 
patches were made and bolted on. 

Beyond the fact that the pump got an 
excess of air in the suction, with result- 
ing water hammer, which caused the 
cracks, we have not found out the first 
cause of the trouble. It was decided to 
place an additional air chamber on the 
suction-chamber cover, and after waiting 
about a month we received it. In the 
meantime we kept the pump going, and 
by putting on a check-valve and piping it 
to the outside on account of water dis- 
charge, the pounding was not so severe. 
After putting the additional air chamber 
in place the trouble ceased. 

GS. H.. H. 
Newburgh, N. Y. 





Wants to Know How to Draw an 
Indicator Diagram 


How would you draw an indicator dia- 
gram for a 2500-horse-power cross-com- 
pound condensing engine, with both high- 
and low-pressure cylinders showing 1/16 
late admission, economical 


POWER 


Broken Shaft Discovered with a 
Mirror 


To discover a suspected defect or break 
in machinery, especially in inaccessible 
corners, often brings the operating engi- 
neer to his wits’ end. 
the looking-glass, 
dark corners 
from time been carried 
on by the and are there 
fore far from new, but occasionally there 


Examinations with 
light 


angles, 


throwing into 
and around 


immemorial 


have 


engineer, 


-are features of such unusual character as 


to lend especial interest to the incident. 

Referring to the accompanying sketches, 
a and B, Fig. 1, represent the top and 
bottom rolls of a two-roll sugar-cane 
mill; A is section to construction 
and break K. These rolls were cast-iron 
shells with hubs h-h, Fig. 2, and arms 
R-R at each end; into these hubs were 
fitted wrought-iron (sometimes _ steel) 
shafts m-M; a portion of these shafts n-n 
being finished for a hydraulic fit into the 
hubs h-h, no keys being used, and at the 
fits were approximately 18 inches in 
diameter; but a slight difference in the 
diameter of the two ends was made in 


show 
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% cut-off, 155 pounds initial pressure and 
31 pounds receiver pressure? 

This question was asked me at an exam- 
ination in Boston, and I want to know if 
it can be considered a practical question, 
and what is meant by “economical com- 
pression.” 

A. Mason. 


Taunton. Mass. 


through up to the entrance of the two 
fitted portions. 

The roll was the driver, and 
motion was communicated to the top one 
by a pair of gears of 14-inch face, and 
6-inch pitch of teeth, keyed to the shafts 
m-M, at P-P. 

Adjustment was accomplished by the 
antiquated method of screwing down on 


bottom 
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the nuts D, as against the modern one of 
substituting a hydraulic cylinder at each 
end of the rolls. 

It was noticed that the end of the mill 
at the left began to do poor work, which 
we could easily judge by the appearance 
of the “bagasse” issuing from it, and sev 
eral tightenings to take up wear failed 
to give relief. 
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THROUGH S-—5S 


SECTIONAL END VIEW 


FIG, 2. 


All the openings shown at c, Fig. 2, had 
been plugged with wood when the mill 
was built, for the purpose of excluding 
the entrance of cane-juice which 
would set up fermentation inside; these 
plugs incidentally served to hide a portion 
of the shaft, which, it 
would never need inspection. |] 


any 


was presumed, 
decided 
to see everything which could possibly 
be brought about the 
mill, and got two of these plugs out, just 
to lock 
then passed the mirror g, Fig. 1, through 
one of the openings c, holding it at a suit 


under observation 


inside, on general principles. 1 


able angle with wire W, and a stick J, and 
with a candle 7 
plainly as if it had been outside. 

Of course this meant a job to get the 
roll out, to the shop, and a new shaft; 
for although the break K did not by any 
means the shaft in parts, 
there enough left for 
the work. Subsequently the bottom shaft 
M was broken entirely through at v, Fig. 
I, so completely and squarely that the 
rolls stopped, while the engine continued. 

The break at K was due to reflex action 


the break K was shown as 


separate two 


was not strength 
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from the strain on the journal producing 
a bending movement of the metal through 
the fit x, which repeated movement, how- 
ever small, would, by wear in the fit, de- 
prive the shaft of the support afforded 
by its earlier tightness. In the case of 
shaft M, in addition to the enormous 
strain due to the mill pressure, whose 
bending movement would concentrate at 
v, the whole force of the mill drive was 
applied as a torsional strain through the 
journal M. 
J. O. Frazier. 


New Orleans, La. 





Boiler-compound Feeders 


Herewith is a sketch of a boiler-com- 
pound feeder, in use in the post office at 
St. Paul, Minn., that works satisfactorily 
and requires 16 hours to feed 4 pounds 
of Dearborn compound. The %-inch by- 
pass is used to feed the compound through 
to the pump. The r-inch pipe is to sup- 
port tank and pump out the water 
quickly for filling. 


the 


We fill the tank every morning at 9 
o'clock and at 2 3 o'clock the next 
morning the gage glass is clear, showing 
that the compound has all been fed from 
the tank. 


or 


James McGeary. 


St. Paul, Minn. 





A Question of Boiler Feed 


February 15 


In the number of The 
Engineer, page 243, “F. S. C.” asks the 


opinion of readers about his way of feed- 
ing water to his boiler. 

While | approve of feeding water at 
the top, I think the discharge should be 
below the water line. If his feed-pump 
discharge is in the steam space, it may 
be possible that some of the water is 
lifted out with the steam, especially as he 
says, “it fires easier when the glass is 
nearly full.” 

I would suggest that he 
pan of some kind, say 2 
and 


get a shallow 
or 3 inches deep, 
square, and set it on 
the tubes, taking care that it is perfectly 
level, so that the water will run over in 
a thin stream all around; then bring his 
discharge pipe to a little below the edge 
of the pan. 


10x16 inches 


WILLIAM 
Rostherm, Sask. 


WHILPTON. 





On page 243 of the February 15 num- 


ber of The Engineer, “F. S. C.” has a 
question on boiler feed, and asks for 


opinions as to why his boiler is so hard to 
fire. My opinion is that the feed-water 
is discharged too high up; that is, in the 
steam The perforated ball he 
speaks of, no doubt, throws the water 
in the form of a spray; this; water in 
through the 


space. 


passing steam condenses 


POWER 


much of it, very much like a jet con- 
denser. 

I think his statement that the boiler 
is more easily fired when the glass is 
nearly full, upholds this theory, as the 
ball is then probably covered with water, 
preventing the spring from being thrown. 
I think a perforated pipe placed below 
the water-line is what he needs. 

rep ECKLEY. 

Tekamah, Neb. 

In answer to “F. S. C.” in the Febru- 
ary 15 number of The Engineer, page 
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sible utilize the heat in his exhaust steam. 
T. E. HARBISON. 

Gas, Kan. 

Replying to the letter of “F. S. C.” re- 
garding boiler feed in the February 15 
number of The Engineer, it seems as if 
the boiler and engine were of ample 
size to furnish power for the mill with- 
out the water wheel; but the mill may be 
in such condition that the frictional load 
is excessive. Assuming that “F. S. C.” is 


feeding the boiler direct from the inspira- 


tor without a feed-water heater, he 1s 
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\RRANGEMENT FOR FEEDING BOILER COMPOUND 


243, will say that the method of feeding 
the boiler is sufficient to account for the 
hard firing. 

I would recommend extending the feed- 
pipe down 2 inches below the water line, 
putting on an elbow, and running it near- 
ly to the opposite end of the boiler, using 
a perforated pipe. This should give bet- 
ter service than the present arrangement. 
that feeding 

is the best 
method, as it keeps the pipe clear, and 
introduces the water where it does not 
interfere with the steam being liberated 
at the surface. 

“F. S.C.” should get a good double-act- 
ing pump to feed his boiler and if pos- 


I consider, 
through 


however, 


the blow-off pipe 


losing considerable heat which might be 
added to the feed-water, by means of a 
closed heater. 

I would that get a 
steam pump for boiler feeding, and ex- 
tend the feed-pipe down to within about 
2 inches above the top tubes, 
put on an elbow and run the pipe back 
to within 2 feet of the rear head, and 


suggest he small 


row of 


then by using a tee with a short piece 
of pipe in each end he can deliver the 
feed-water to each side of the boiler. 
These changes would not cost much, and 
the saving in fuel would pay big interest 
on the investment. 
Le Roy. 
Cassopolis, Mich. 
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Deep-well Pump Gives Trouble 





George K. Swalley, in the March 31 
number, page 502, asks for information 
in regard to the pounding of a deep- 
well pump. Having had various experi- 
ences with several different sizes and 
styles of these pumps, I shall give him 
the benefit of them. 

First, a better place for his air-cham- 
ber would be on the elbow as it comes 
from the well. The pump is, I take it 
from the cut and description, an 8x24- 
inch Cook. This is usually fitted with a 
piston-rod made purposely large to act 
as a displacement-plunger on the down 
stroke. A pump of this type discharges 
most of its water on the up stroke, then 
the flow apparently stops until the pis 
ton is well on its down stroke, when the 
displacement-plunger forces out an 
amount equivalent to its own bulk. It 
is this cessation of flow that causes the 
noise Mr. Swalley complains of; the flow 
of water in the pipe being stopped, the 
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Mr. Swalley is running his pump nine- 
ty-three feet a minute, which is very fast 
for this type of pump. We had two of 
these pumps, 12x36 inches in size, here 
in St. Louis fifteen years ago, and they 
ran almost noiselessly, but they made only 
ten or twelve strokes per minute, with a 
total lift of 450 feet. If Mr. Swalley can 
substitute a larger working barrel and 
reduce his speed, I think his troubles will 
disappear to a large extent. 

LeRoy BAKER. 
St. Louis, Mo. 





Has Discovered the Multiple-feed 


System 


oiling 


Herewith is shown an system 


_ which I know to be successful and which 


for the firm, as 
the 
and at the same time remove the danger 
of lubricators being allowed to run dry 
on inconveniently located units. 

First, a tank A, of 


will prove an oil saver 


well as a convenience to engineer, 


any desired size, is 
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CONNECTIONS FOR 
air pressure in the air-chamber and the 
weight of the water in the discharge 
pipe tends to cause a water-hammer. 

I had a similar case in Arizona some 
years ago, with a 6x24-inch steam head, 
4-inch working barrel, 1oo feet down, 
with 300 feet of discharge pipe, ending in 
a tank about 50 feet above the pump. All 
Piping was 4-inch, there was only one 
ell on the discharge, and a check was 
placed at the pump, which I think would 
benefit Mr. Swalley’s case. Until the 
check was put on, rods were broken 
weekly, because of the pulsation of the 
water in the pipe. The check saved the 


rods, but its noise as it seated, drowned 
all other sounds. 
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FEEDING VALVE OIL 

made of a piece of pipe with caps on 
either end pulled up tight to stand steam 
pressure. A %-inch pipe B leads from 
the steam line F, through the top of the 
tank to a point about 2 inches from the 
bottom, as shown. A filling pipe D, with 
valve, is fitted into the top of the cap. 
To drain the tank, a cock E is placed at 
the bottom, as in ordinary lubricators. 
The oil-feed pipe is run with branches to 
the various pumps and engines in the 
room and a sight-feed glass connected as 
at a, b, ¢. 

The tank is filled D, the 
condensation displacing. the oil and forc- 
ing it out through C, to the sight. feeds. 
This, it will be seen, is simply. the work- 


with oil at 
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ing of the multiple-feed lubricator, ex- 
cept that the oil reservoir and sight-feeds 
are somewhat separated. 

The object of having the valve on C 
at the tank, is to be able to fill the lubri 
cator without shutting off each individual 


feed. A gage-glass may be supplied on 


A, to show the amount of oil on hand 
and would be a convenience in a plant 
where the number of units in operation 
varied from time to time; but a little 
experience teaches the engineer the num 
ber of days a tank will last and a gage 


is really unnecessary. 
GeorGE G. BENNETT. 


Urbana, IIL. 


The Specific Heat of Superheated 
Steam—A Correctior 


letter 
printed in the March 24 number, page 457, 
an error that 
misleading statement. The last two words 


In my on superheated steam, 


occurred makes a rather 


should be “temperature drop,” not “pres 
sure drop. 

The original mistake was in my copy. 
1 corrected it on the proof, but the cor 
The 


because 


rection was not made in the type. 
the 
it is on the matter of the effect of pres 


mistake is more undesirable 
sure drop that I take issue with Professor 
Reev es 
x <. Bi. 
Jethlehem, Penn. 
[Professor Heck is quite right; he did 
make the correction on the proof, and the 


HEcK. 
South 


proof was sent to the printer so corrected. 
Epirors. | 





Low Water as a Cause of 
Explosions 


In E. H. Lane’s article in Power, in the 
March 17 number, on “Low Water as the 
Cause of Boiler Explosions,” I am curious 
to know what steam tables he used in 
finding the total heat in B.t.u. contained 
in the water at 105 pounds absolute pres 
sure. Granted that 30,113 was the correct 
amount, his multiplication in finding the 
total B.t.u. in 8300 


equally strange. 


pounds appears 

According to standard steam tables, the 
water contained in the boiler at the above 
1182.9 B.t.u. of 
for 8300 


pressure, would have 
total heat for each pound, or 
pounds, 9,818,070 B.t.u. Subtracting from 
this the heat between 32 degrees 
212 degrees and dividing the remain 
der by 966 B.t.u., would give 8630 pounds 
of water which could be evaporated by the 
latent heat made active when the boiler 
exploded. 

Without a doubt, as Mr. Lane states, 
it is like the water that cannot exist in 
superheated steam, as there is too much 
heat for it. 


and 


G. R. Haicurt. 
Detroit, Mich. 
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Steam not Accounted for by 
Indicator is One-third 
Leakage 


In discussing a paper upon superheat 
by Aimé Witz, Chief Engineer of the 
United States Navy, Benjamin F. Isher- 
wood says: “The author has entirely ig- 
nored the serious loss in all steam engines 
by leakage of steam past the valves and 
piston of the cylinder. He attributes the 
difference between the weight of the 
steam present as such in the cylinder at 
the closing of the cut-off valve, and the 
weight of steam drawn from the surface 
condenser per stroke of piston, wholly to 
what is termed ‘cylinder condensation,’ 
while in fact this difference is the sum of 
the leakage referred to and of the lique- 
faction, due to the interaction between the 
metal of the cylinder and the heat of the 
steam. If the functioned abso- 
lutely without leakage the economy of its 
performance would not be affected by the 
reciprocating speed of its piston. 

“As a general fact the sum of the leak- 
age and the cylinder condensation may be 
taken, for example, at say twenty-one per 
cent. of the of liquefaction drawn 
from the condenser, and of this twenty- 
one per cent. at least one-third is prob- 
ably leakage, leaving fourteen per cent. 
for the cylinder condensation.” 


engine 


water 





The Technical Graduate and the 
Practical Man 


More or less is being published at the 
present time concerning the superior fit- 
ness of technical graduates for positions 
of responsibility in manufacturing and 
power plants. Unquestionably it pays to 
advertise, and the technical graduate is 


getting the benefit of a great deal ‘of 
advertising. But is the man with the 
sheepskin really a better man for the 


power plant than the practical man who 
is there now? ‘The graduate may have 
densities, temperatures and things at his 
fingers’ ends, while the other only knows 
when right. The one is 
superior in his knowledge of mechanical 
drawing, the use of the slide-rule and of 
the table of natural sines, etc. The other 
has the advantage of a working contact 
with all of the factors of production and 
can with a little earnest study, a very lit- 


things look 


tle in fact, acquire an expert acquaintance 
with the drawing table, the tables of sines, 
logarithms and the properties of satur- 
ated steam. 

In the last analysis depends 
alone upon work. Capacity for contin- 
ucus hard work is genius, and this same 
work if indulged in spells success. The 


success 


days that are so long to the man who 
waits only for the whistle and pay day are 
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all too short for an Edison or a Brush, 
and were too short for Watt, Stevenson 
and Corliss. There are many examples 
of brilliant achievements by graduates, 
but most of the milestones that mark 
human progress, even in these later days, 
have been planted by practical men. 





Power-plant Improvements 


On account of the temporary decrease in 
the demand for power which not a few 
plant owners feel at this time, and espe- 
cially in cases where the advent of sum- 
mer means a light load each year for three 
or four months, it has been easy to over- 
look the exceptional opportunity which is 
now at hand to carry out plant improve- 
ments. A great deal of maintenance work 
has been done by the transportation com- 
panies, both steam and electric, in the 
past six months, and now that the de- 
mands of traffic are increasing, the rail- 
roads are in much better shape to handle 
a large volume of business than they were 
before the financial troubles of the latter 
part of 1907. In the power-plant field it is 
almost certain that the coming fall will 
bring a demand for much more extensive 
service than is appreciated in many quar- 
ters, and the plant management which now 
plans to put its equipment in good shape 
and possibly add somewhat to its capacity 
before another winter sets in is following 
a wise and far-sighted course. 

Just choice in 
which did not exist a 
are far better, and the cost of construction 
is as favorable as it is likely to be for 
many months and perhaps several years 
to come. If a plant improvement is not 
one of great complication, the whole job, 
from plans and cost estimates to payments 
machinery, can be carried 
through much expeditiously than 
was possible at this time last year. If it 
should appear a little difficult to raise the 
money from the stockholders or the public 
for improvements, it is an excellent time 
to test the value of publicity, stating in 
detail why the funds are needed and what 
will be the economies resulting from their 
expenditure. 

The character of work to be done will 
doubtless vary all the way from the simple 
repairing of defective machinery to the 
installation of more units to handle the 
output expected in the coming season. 
This is the time to bring all the apparatus 
now in a plant to as high a state of effi- 
ciency as is possible, and no plant man- 
ager should fail to investigate the output 
question, at least in a general way, in the 
breathing space which is in so many cases 
likely to last until the dark days of the 
fall, when increased demand for service in 
the motor field will strain the installation 
to its utmost capacity on the present rat- 
ing of its generating machinery. 
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A German Ash-burner (?) 





Under the name of Oxygenit there has 
been recently sold in Vienna and vicinity 
a preparation which, if dissolved in water 
and added to coal, is claimed to com- 
pletely prevent the formation of clinker. 
The preparation is a reddish powder 
which under the microscope is easily dis- 
tinguishable as a mixture of small white 
crystals with a red powder. A chemical 
analysis of the substance published by the 
Zeitschrift der Dampfkesseluntersuchungs 
und Versicherungs-Gesellschaft a. G., gave 
the following composition: 


Per Cent. >) 


OUT a. ccccssccrcccecsesecee 12.63 | o, — 
Protoxide of potassium.. 10.99 + *> —_, _ 
BRED onic ocisrcccsssasncces Bee | : 
Sulphuric acid............ 32.77 | 
eer | 

Red oxide of iron ........ 2.77 Insoluble. 


According to this, the powder consists 
of ordinary crystallized alum and a small 
quantity of red oxide of iron, to which 
it is indebted for its beautiful color. The 
preparation is sold under the name 
“Oxygenit” for about 29 cents per kilo- 
gram, while alum can be purchased at 
about six cents. The sale of Oxygenit 
is therefore very profitable if many boiler 
owners decide to throw it into the fire. 
There is no reason to suppose that the 
use of the compound would produce any 
improvements in conditions so far as 
clinkering is concerned. 





Human Fallibility 


In the January issue of The Locomo- 
tive, V. Hugo, manager of the south- 
western department of the Hartford 
Steam Boiler Inspection and Insurance 
Company, writes upon “Human Fallibil- 
ity.” In 1904 he had made an analysis of 
the railroad accidents occurring in the 
United States during the preceding six 
months, and found that sixty-eight per 
cent. of them were due to the mental or 
physical state of the human agent. In 
other words, whenever an accident oc- 
curred, the odds were two to one that 
the man was at the bottom of it and not 
the machine. A similar analysis has just 
been completed for the twelve months of 
1907, with a result that seventy-four per 
cent. of the accidents were found to be 
due to the personal element. 

In reply to an inquiry as to the extent 
to which these conclusions would apply in 
stationary practice, Mr. Hugo states that 
according to his experience about the 
same percentage of accidents may be at- 
tributed to the human element in station- 
ary plants as in locomotive work. “If a 
man has a corn-cob pipe in his mouth and 
is looking out of the window, it does not 
make much difference whether the boiler- 
room floor is standing still or flitting over 
the prairie.” 

While there are not as many chances 
‘or a man in charge of a stationary plant 
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to make a mistake as for the operating 
force of a railroad, especially if the 
equipment be taken as it is furnished to 
the operator, and the personal equation 
in the design eliminated, it would no 
doubt prove that a large percentage of 
the accidents that occur in stationary 
plants are directly due to the momentary 
forgetfulness or the mistakes of the man 
in charge, as when a boiler-tender al- 
lows the water to get high and knocks 
out a cylinder-head, or low and burns a 
set of tubes, or opens or closes a wrong 
valve or a valve wrongly, or when the 
engineer leaves the stop-pin in the gov- 
ernor and lets the engine run away, or 
lets an oil cup run dry and melt out a 
bearing. There is a larger class of ac- 
cidents due to neglect or lack of fore- 
thought, and the man who has learned 
how to foresee and head off trouble and 
who, with systematic attention and a 
sharp eye and an attentive ear, is con- 
stantly “on the job,” is an asset to a 
steam plant, the value of which it is hard 
to estimate in dollars and cents. 





The Superheating of Steam 





When a man like Aimé Witz talks, the 
engineering world sits up and _ listens. 
Chief Engineer Benjamin F. Isherwood, 
U. S. N., has performed a service for 
English-speaking engineers in translating 
from L’Energie a communication made 
to the Industrial Society of the North of 
France, by this celebrated engineer and 
professor upon the above subject. 

The communication is divided into two 
sections; the first historical, reviewing 
the development of the process of super- 
heating from the patents taken out by a 
Mr. Becker, “a mechanician of Stras- 
bourg,” in 1827, for a high-pressure steam 
engine, in which the steam before enter- 
ing the cylinder is raised to a tempera- 
ture considerably above its temperature in 
the boiler, up to current forms and 
practice. 

“The principle of moderation in super- 
heating seems now to prevail,’ says the 
author, “and the proof is seen in the ex- 
position at Dusseldorf, an exposition that 
has made an era in superheating.” As 
between the combined and the separately 
fired superheater the author thinks that 
preference will always be given to the 
practice of utilizing the waste heat from 
the boilers by placing the superheating 
apparatus in the flue, under which cir- 
cumstances even moderate superheating 
gives “remarkable” results. 

The second portion of the communica- 
tion, dealing with the theory of super- 
heating, undertakes to explain why and 
how. The author asks himself the fol- 
lowing questions: “What is the exact 
economy obtained by superheating for 
steam engines of the best design and con- 
struction, provided with steam jackets 
and using the steam in multiple cylinders? 
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ls not superheating a superfluity in the 
case of steam engines in which nothing 
has been neglected for preventing the in- 
jurious consequences of the interaction of 
the heat of the steam with the metal of 
the cylinder? Will the benefits then ob- 
tained be a sufficient justification for the 
use of a costly apparatus subject to rapid 
destruction, which is and will remain deli- 
cate for a long time, and which requires 
incessant and competent supervision? 

Tables of comparative tests, with and 
without the use of superheat, are given, 
in view of which and of the other ex- 
perimental data now available, the author 
concludes : 

First, superheating increases the econ- 
omy of steam engines of all types; sin- 
gle-cylinder, Woolf compound, or triple- 
expansion, even when they are provided 
with steam jackets applied under the best 
conditions. 

Second, the economy increases with the 
number of degrees of superheating. 

Third, the consumption per hour per 
indicated horse-power developed by the 
engine remains constant for full power 
and for half power. 

The author follows with an attempt to 
explain these results theoretically, show- 
ing that in order for the steam to remain 
dry throughout the stroke it would have 
to be heated initially to a temperature 
much above those ordinarily employed; 
that the economics actually effected are 
greater than those promised by the aca- 
demical consideration, explaining the dis- 
crepancy by the heat interchanged with 
the wall of the cylinder, and reaching the 
conclusion that a very moderate degree 
of superheating will suffice to produce ap- 
preciably good results with any kind of a 
steam engine. 

The translation is followed by 


a lengthy 
note by the translator, calling 


attention, 
among other things, to the fact that 
among the advantages of superheating not 
mentioned by the author should be in- 
cluded the saving effected by it in the first 
money cost and in the repairs and the 
sinking fund of the boiler; equal quanti- 
ties of steam of equal pressure and better 
quality being furnished by it in 


equal 
times. 


The saving would be about one- 
sixth, as determined by experimental 
data, in which case the superheating was 
done by waste heat in the chimney gases. 
This is of especial advantage in marine 
work. 

“Within reasonable limiis of superheat- 
ing, the heat for that purpose being taken 
without cost from the waste heat of the 
chimney gases, the use of superheated 
steam gives an economic gain which 
should never be neglected, especially as 
the superheat will never be sufficiently 
great to endanger the integrity of the ma- 
chinery. The translator makes _ this 
affirmation as the invariable result of his 
own very great practice in this direction, 
with an extensive variety of superheating 
apparatus.” 
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Conservation of the Country's 
Natural Resources 





By H. M. WILson 





The wealth of the United States in 
timber, fuel, mineral, lands and water has 
seemed so unlimited that rights have 
been given with prodigality to all who 
applied for them. In the rush to make 
use of these resources and to acquire 
wealth through their development, we 
have lost sight of the fact that the sup- 
ply of our natural products, however un- 
limited they appear, may be ultimately 
exhausted by wasteful use. We are now 
face to face with the fact that our re- 
sources in natural mineral and agri- 
cultural products are being rapidly dis- 
sipated. 

The Forest Service estimates that at the 
present rate of comsumption, and neglect- 
ing renewals of growth, our timber sup- 
ply will be totally exhausted in 14 years. 
The public lands available for agricultural 
use are practically exhausted. These 
lands, which are restricted now almost 
exclusively to the arid West, consist of 
the most desert, or the most rocky, moun- 
tainous and inhospitable portions of the 
country. 

There are about 80,000,000 acres of 
swamp and overflowed lands‘ in the 
United States, of which about 12,000,000 
acres are now drained and utilized for 
agricultural purposes. 

Should the rate of consumption of iron 
ore increase in the United States in the 
same ratio as it has increased during the 
last 20 years, the supply of iron ore in 
this country will be exhausted in 200 
years. 

The proper authorities declare that if 
the consumption of coal continues to in- 
crease at the same ratio as it has by de- 
cades since 1816, the maximum life of the 
coalfields will not exceed 200 years. 

The technologic branch of the Geolo- 
gical Survey is charged with investiga- 
tions, the purposes of which are to con- 
serve the supply of fuels and of natural 
structural materials of the United States. 
This does not mean the restriction of the 
ase of these materials. It means the study 
of the causes which have led to the waste 
of the fuels and structural materials of 
the country, and the devising of methods 
for conserving them and utilizing them 
more efficiently, thus prolonging their life. 


ToraL HorsE-POWER DEVELOPED FROM 
WATER SOURCES 


There is now a total of 4,500,000 horse- 
power in the United States developed 
from water sources, and the investigations 
by the Government lead to the belief that 
this can be increased to 10,000,000. The 
water-resources branch of the Geological 
Survey is studying the water supplies of 
the country, with a view to ascertaining 
their availability for the production of 
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power for the irrigation of arid lands, or 
the draining of swamp lands and for do- 
mestic uses. Its work will result in con- 
serving the water supply by the construc- 
tion of reservoirs for the storage of flood 
and the increase of dry-season discharges. 

As yet, no estimate of even an approxi- 
mate nature can be made of the water 
flowing perennially in our streams, or 
which may be impounded in storage reser- 
voirs, and which may be made available 
for utilization in generating power. It is 
well known that but a small proportion 
of the available water power in the 
streams is as yet so utilized. Unfortu- 
nately no statistics have been gathered of 
the present condition of the development 
of water powers or their future possi- 
bilities. The following approximate data 
are presented in the light of the knowl- 
edge of the topography and hydrography 
of the United States, garnered from em- 
ployees in various branches of that 
service. 

In New England there is developed 
1,000,000 horse-power, and there may be 
ultimately available for power purposes a 
total of 1,500,000 horse-power. In the 
Great Lake region the present develop- 
ment is 1,250,000 horse-power with a pos- 
sible development of 4,000,000. In the 
Piedmont region on the Atlantic and 
south Atlantic slopes, 1,250,000 horse- 
power is now developed, with 3,000,000 
possible of development. In the central 
Northwest 5,000,000 horse-power has been 
developed, with a total of 1,000,000 pos- 
sible. In the Rocky mountain and Pacific 
regions there is now 1,500,000 horse-power 
in operation, with 5,000,000 possible. In 
consequence of the water-resources branch 
there has been added in recent years 
nearly 1,000,000 horse-power from water 
sources. All this power is of value in per- 
forming its share of conserving the fuel 
supply of the country. 


VALUE OF MINERAL Propucts 


The estimated annual value, that is, the 
cost to consumers, of the mineral prod- 
ucts of the United States, which are 
under investigation by the technologic 
branch of the Geological Survey, aggre- 
gates more than $2,500,000,000, distributed 
as follows: 


MINN aie:4) 454.1450) oso. bishs la Absa aval Ate $1,000,000,000 
Cement, stone and clay pro- 
Eee re 300,000,000 
Steel and other metals used 
in building and allied in- 
See 1,200,000,000 


Miscellaneous mineral products 
used in building and allied 


MII 5, 5.6550. civ caniSieu wae 30,000,000 
SS ere $2,530,000,000 


Add to the above the annual value of 
the timber product of the country, in 
which must be included not only the raw 
lumber, valued at $620,000,000, but also 
the manufactured products thereof, and 
the value of the by-products, including 
distillates from wood, turpentine, rosin. 
tanning material and wood pulp, the total 
is probably $1,200,000,000. Add also the 
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annual value to the country of the in- 
creased products of farms, and manufac- 
tures resulting from reclamation of waste 
land by irrigation and by drainage, and 
finally add the increased value of water 
for power purposes and for domestic 
consumption resulting from investigations 
above referred to, and it may be conserva- 
tively stated that the total values involved 
in the investigations of these three bureaus 
of the Geological Survey, the Reclama- 
tion Service and the Forestry Service 
represent a sum in excess of $5,000,000,000 
per annum. 


Many Sources oF FuEL WASTE 


The sources of the waste of fuel are 
many. By the methods employed in min- 
ing and marketing our coal supplies there 
is wasted 50 per cent. of the available 
supply. The methods of combustion and 
power production are such that less than 
5 per cent. of the latent efficiency or fuel 
value in the coal is converted into power, 
and less than 1 per cent. into light. 

Recent experiments made by the tech- 
nologic branch of the Survey, at its fuel- 
testing plant, have shown that in the 
utilization of fuel in the gas producer, 
and its conversion through the medium of 
gas engines into power, the efficiency of 
the best plants average about 13 per cent., 
and many vary from 11 to 18 per cent. 
The average of a large number of gas- 
producer tests on coals from all over the 
country indicate that any coal will pro- 
duce about 2%4 times as much power per 
pound of coal consumed through a gas 
engine as through a steam engine. The 
most important point in the relative effi- 
ciency of a gas-engine plant, as compared 
with a steam-engine plant, is the fact that 
the gas producer will operate successfully 
on coals as high in moisture as the lig- 
nites, of which there are millions of acres 
in the West, and the poor bone coals of 
Missouri and Arkansas, etc., which .are 
very high in ash. A certain amount of 
lignite in the gas producer produced 1.04 
times the power of the same amount of 
the best steaming coal under the boiler of 
a steam engine. 

Other means of making use of low- 
grade fuel are by compressing them into 
small briquets. This briquet coal re- 
quires a binding material of from 4 to 7 
per cent. pitch to hold it together, and 
this pitch adds carbon and volatile matter 
together, which helps the combustion even 
though the ash content may be high. The 
vast areas of lignites, now practically 
valueless, may be compressed into briquets 
having a high commercial value, or may 
be converted into gas through the pro- 
ducer-gas plant. 





Never miss a chance to compare the 
steam gage with the safety valve when the 
latter is blowing., In case of difference 
find out which is wrong and rectify what- 
ever is wrong with it. 
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Inquiries 


Questions are not answered unless they are 
of general interest and are accompanied by 
the name and address of the inquirer. 








Comparative Evaporative Efficiency of 
Scotch and Return-tubular Boilers 
How does a Scotch boiler compare in 
fuel economy with a horizontal return- 

tubular boiler in brick setting? 
B. £4. 
Repeated tests have shown little if any 
difference in evaporative efficiency be- 
tween the horizontal return-tubular boiler 
and the Scotch boiler. 


Kilowatts and Kilovolt-amperes 


What is the difference or the relation 
between kilowatts and kilovolt-amperes? 

(b) Why are some generators rated 
in one and some in the other units? 

t. &.. W. 

Leave off the prefix “kilo” for sim- 
plicity. Volt-amperes are the product of 
volts and amperes, regardless of other 
conditions; watts are the product of volts 
and amperes and power factor. In all 
direct-current circuits the power factor is 
I; consequently, volt-amperes and watts 
are equal. In alternating-current  cir- 
cuits the power factor is always less than 
I; consequently, the volt-amperes are 
always more than the watts. For this 
reason alternating-current generators are 
rated in kilovolt-amperes and direct-cur- 
rent machines in kilowatts. 


Gas-engine Exhaust Noise 


Why does the sound made by the ex- 
haust of a gas engine vary greatly in 
loudness? 

G. A. M. 

Because of the variation in the maxi- 
mum pressure in the cylinder, usually due 
to changes in the load. For example, if 
the pressure when the exhaust valve 
opens is one-fifth of the maximum pres- 
sure and the latter is 250 pounds at full 
load, then with that load the exhaust 
pressure will be 50 pounds and the report 
will be loud. Now if the load decreases 
so that the governor cuts down the intake 
of mixture until the maximum pressure is 
only 150 pounds, the exhaust pressure 
will be 30 pounds, and so on. Other con- 
ditions besides load changes may, how- 
ever, cause the maximum pressure to 
vary, and the exhaust pressure will 
always vary with it. 


Four-valve Engines Compared with Other 
Types 

About what per cent. of economy has 
the four-valve engine over the single- 
valve engine? How does a four-valve 
engine compare with the Corliss engine? 
How does a four-valve simple engine 
compare with a_ single- valve tandem 
compound engine? 

eo 


Only a comparative test between the 
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different engines you name could decide 
the percentage of superiority of one over 
another. A four-valve engine is very 
likely to be superior to a_ single-valve 
engine because clearance can be reduced 
and there is less likelihood of leakage of 
steam directly into the exhaust pipe from 
the steam chests across the narrow bridges 
of the valve seat. There should be little 
if any difference between the different 
types of four-valve engine if the design 
and workmanship are equally good. Ina 
compound engine the temperature range 
is divided between two cylinders and the 
extreme of temperature between induc- 
tion and exhaust is less, consequently the 
condensation in each cylinder is less. 
With a proper load a compound engine 
might easily operate on 25 per cent. less 
steam per horse-power-hour than a sin- 
gle-valve engine. Under a very light load 
it might easily use much more steam per 
horse-power-hour than a simple engine. 





Book Reviews 





PowER AND Power TRANSMISSION. By 
E. W. Kerr. (Second edition.) Pub- 
lished by John Wiley & Sons, New 
York. Cloth; 380 pages, 6x9 inches; 
264 illustrations. Price, $2. 

This edition of Professor Kerr’s text- 
book contains several new pages in the 
section devoted to heat and steam, as 
well as some additional matter on the use 
of the steam table. The steam table in 
the first edition has been displaced by one 
reproduced from Kent and the chapters 
on valve diagrams and steam turbines 
have been extensively revised. The scope 
of the book as to subjects remains as 
before. 


DEVELOPMENT AND ELECTRICAL DISTRIBU- 
TION OF WatTER Power. By Lamar 
Lyndon. Published by John Wiley & 
Sons, New York; 1908. Cloth; 323 
pages, 6x9 inches; 158 illustrations. 
Price, $3. 

In the preface the author asserts that 
this is not a textbook, but a “purely engi- 
neering treatise in which all the salient 
facts concerning hydraulic development of 
power, its conversion into electrical power 
and its transmission over long distances 
are collated and their interdependence 
shown.” This assertion is fully justified 
and constitutes an excellent statement of 
the scope and purpose of the book. As to 
the degree of success which Mr. Lyndon 
has attained in carrying out his specified 
aim, opinions may differ somewhat, but 
the most unfavorable one could not be 
very bad, unless prejudiced. The treat- 
ment throughout the book is almost as 
non-mathematical as an Emerson essay 


and the style is matter-of-fact, direct 
and clean-cut in the main; for an 
inexperienced engineer it may be a 
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trifle too concise in spots, but the 
book not written for inexperi- 
enced engineers. The chapter on dams is 
the best practical discussion of that sub- 
ject that the reviewer has ever read. 
The chapters on power-house design, 
water-wheels and electric generators are 
disproportionately brief and_ restricted. 
That on transmission conductors is 
The latter half of the book is 
devoted to descriptions of representative 
hydroelectric stations, which serve well as 
object lessons. Taken all in all the work 
is well done. The book should find a 
welcome as complementary to the more 
technical treatises dealing with the same 
branches of engineering. 


was 


excellent. 


ENGINEERING REMINISCENCES. Contrib- 
uted to Power and the American 
Machinist by Charles T. Porter. 


Published by John Wiley & Sons, 
New York. Cloth; 6x9 inches, 335 
pages, illustrated. Price, $3. 


The writer of this review is happy to 
have been instrumental in bringing about 
this record of the reminiscences and ex- 
periences of one who took an active part 
in the development of the steam engine 
during a particularly interesting period 
of its evolution and whose work has left 
a forcible imprint upon the history of the 
art. The first of the reminiscences ap 
peared in Power during 1902, and the 
series, which extended intermittently over 
a number of years, enlisted a high degree 
of interest from those who had been 
familiar with the period of which they 
treated, as well as from those younger 
engineers to whom the high-speed engine, 
which they had always known as an ac- 
complished fact, can never be so much of 
an accomplishment as it is to those who 
have seen its development from a de- 
clared impossibility. The story of the 
introduction of Mr. Porter, who started 
in life as a lawyer, to mechanics while 
developing a stone-dressing machine in- 
vented by one of his clients; his mastery, 
in connection with that machine, of the 
laws of matter in motion, which was the 
motive of his later work; the invention of 
his governor; the combination of that 
governor with the valve system of Mr. 
Allen, which resulted in the Porter-Allen 
engine; and Mr. Porter’s experiences in 
manufacturing and introducing that en- 
gine, would hold the attention of a lay- 
man and is of compelling interest to one 
who is concerned with the subject of 
steam engineering. The book is illus- 
trated with more than 50 engravings, most 
of them full-page plates and many of 
them portraits of eminent engineers and 
business men, of his contact with whom 
Mr. Porter’s reminiscences treat. Its 
interest and value will increase as those 
who have made the art of applied me- 
chanics what it is shall pass away, and as 
such facts and sidelights as are accorded 
by such a work shall become more diffi- 
cult and even impossible to obtain. 
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A New Crossley Gas Engine 


The accompanying engraving shows a 
gas engine recently built by the well- 
known English firm of Crossley Brothers, 
Ltd. (Manchester, Eng.), for driving a 
cotton mill in Japan. This engine is a 
considerable departure from the opposed- 
cylinder type which has become so fa- 
miliar. It is a tandem single-acting en- 
gine, having composite inlet valves and an 
ingenious pneumatic governor control of 
the admitted charge. The cylinders are 
38 inches bore and the stroke is 39 
inches; the normal speed is 105 revolu- 
tions per minute. The engine is rated at 
650 horse-power, with a maximum ability 
of 700 horse-power, on producer gas. 

The exhaust and inlet valves are both 
new designs. The exhaust valves are of 
the balanced type, working horizontally, 
and are very readily accessible, as they 
can be drawn out at floor-level for exami- 
nation and cleaning. 


POWER 


or less air through a balanced piston 
valve. At full load, this piston valve is 
held wide open, and air can readily enter 
the vacuum cylinder; the gas valve is, 
accordingly, free to move as soon as the 
slightest vacuum is established below it. 
As a consequence the engine receives a 
full charge of gas. As the load on the 
engine falls off, the governor partially 
closes the small piston valve and the gas 
valve cannot then open so freely, its 
motion being checked by the fact that as 
soon as it begins to move there is a re- 
duction of pressure in the vacuum cylin- 
der behind the piston to which the gas 
valve is connected. It therefore opens 
later, and less gas enters the working 
cylinder. This method of regulation has 
been found to be very sensitive and reli- 
able in operation, and it obviously dis- 
penses with the often complicated trip- 
gears frequently used for the same pur- 
pose. 

The valve-gear shaft does not extend 
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to the main frame by four tie-rods, as in- 
dicated clearly in the engraving. 

A test of one of these engines, made at 
the Victoria University, Manchester, is 
said to have shown a heat economy of 
8128 B.t.u. per hour per brake horse- 
power, using gas made by a Crossley pro- 
ducer from bituminous coal. 





Conservation of Natural Resources 


Discussed by A. S. M. E. 





This was the subject of an intensely 
interesting meeting under the auspices of 
the American Society of Mechanical 
Engineers, held in the Engineering Socie- 
ties’ building, New York City, April 14. 
The meeting was presided over, by J. W. 
Lieb, Jr., vice-president of the society. 
The program included the following ad- 
dresses : 

“The Conservation of the Waters and 
Woods” (illustrated by lantern slides), 
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The special features of the admission 
valves is the arrangement for regulating 
the gas supply in accordance with the re- 
quirements of the engine as the load on 
it varies. There are for each cylinder 
two valves—a main valve and a gas valve. 
The former is positively driven in the 
ordinary manner, and is of the usual 
mushroom pattern. The gas valve is 
mounted, with a sliding fit, on the spindle 
of the main valve. The two valves—that 
is to say, the main and the gas valve— 
always close together; but the main valve 
is positively opened by the usual cam and 
push-rod and the gas valve is opened by 
the partial vacuum which is established 
below it on the suction stroke of the en- 
gine. The time at which it opens and 
consequently the quantity of gas drawn 
into the cylinder are controlled by the gov- 
ernor through a vacuum pot. The gas 
valve is rigidly connected with a piston 
which is slidable in a small cylinder to 
which the engine governor admits more 
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all the way to the crank-shaft, but is 
geared to a separate length of lay-shaft- 
ing by two-to-one gears at the forward 
end of the forward cylinder. The gov- 
ernor is driven from the full-speed lay- 
shaft, and its rate of rotation is, therefore, 
not disturbed by the periodic retarding 
influence of the valve push-rods nearly so 
much as it would be if driven from the 
half-speed shaft. , 

Ignition is effected by means of oscil- 
lating low-tension magnetos and make- 
and-break igniters mechanically operated. 
There are two igniters in each cylinder, 
and each igniter is operated by a distinct 
set of rock-shafts and links, and supplied 
by an individual magneto. 

A small pump driven from the valve- 
gear shaft delivers lubricating oil through 
sight feeds to the different parts of the 
engine. 

The forward cylinder is bélted to the 
main frame and fitted to a circular coun- 
tersunk seat; the rear cylinder is held 


‘by W. J. McGee, chief of the Bureau of 


Soils and secretary of the Inland Water- 
ways Commission; Washington, D. C. 

“The Conservation of the Nation’s Fuel 
Supply,” by W. F. M. Goss, dean of the 
College of Engineering, University of 
Illinois, and representative of the A. S. 
M. E. on the Government Advisory Board 
on Fuels. 

“The of Stream Flow, 
Water Power and Navigation,” by George 
F. Swain, director of the Department of 
Civil Engineering, Massachusetts Insti- 
tute of Technology, and special agent, in 
charge of water resources, for the tenth 
census. 


Conservation 


“The Relation of the Engineer to the 
Body Politic,” by Henry S. Pritchett, 
president of the Carnegie Foundation for 
the Advancement of Teaching. 

Secretary Calvin W. Rice read a tele- 
gram from President Roosevelt indorsing 
the object of the meeting and expressing 
regret that he could not be present. 
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Tests on Several Grades of Fuel 
in a Producer-gas Power 


Plant 


The accompanying table shows the re- 
sults obtained on a wide range of fuels 
tested by the technologic branch of the 
United States Geological Survey, under 
the direction of Joseph A. Holmes, ex- 
pert-in-charge, and Robert Heywood Fer- 
nald, engineer-in-charge. These tests 
were made at St. Louis, Mo., at the fuel- 
testing plant which was located on the 
grounds of the Louisiana Purchase Ex- 
position. 

At the time this plant was erected there 
were but few gas-producer plants in the 
country burning any class of bituminous 
coal, and many prominent engineers were 
in doubt as to the possibility of operat- 
ing a gas engine on gas produced from 
coals such as are mined in the Central and 
Western States. 

This branch has done a valuable ser- 
vice to the country in demonstrating the 
possibility of burning nearly all classes of 


POWER 
Civil Service Examination ° 


The United States Civil Service Com- 
mission announces an examination on 
May 6 next to secure eligibles from which 
to make certification to fill a vacancy in 
the position of assistant steam engineer, 
at $900 per annum, at the office of the 
Attorney-General, a vacancy in the posi- 
tion of engineer, at $1020 per annum, at 
the Freedman’s hospital, both at Wash- 
ington, D. C., and vacancies requiring 
similar qualifications as they may occur. 
Applicants who have had experience in 
plumbing should so state, as such experi- 
ence will be required for the position in 
the Freedman’s hospital. Application 
form No. 1093 is necessary and may be 
obtained from the commission at Wash- 
ington. 





Westinghouse Steam-turbine Business 
Larger than Reported 


In the April 7 number, on page 525, 
was given a tabulated statement of the 
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President Henry Finlay to 30 graduates. 
The principal addresses were made by J. 
Logan Jones, George E. Lawson, Joseph 
H. Brady, F. A. Manuel and the presi- 
dent of the college. The spring term 
opens at once in new and larger quarters. 





Personal 


E. E. Keller, for more than twenty 
years connected with the Westinghouse 
interests, and for fourteen years vice- 
president of the Westinghouse Machine 
Company, having completed his duties as 
receiver and general manager, severed his 
connection with the management of that 
company on the first of this month. He 
will take a needed rest and then devote 
himself to several personal interests. 





Business Items 


On April 24 the New York offices of the 
Crecker-Wheeler Company will be moved to new 
quarters at 32 Cortlandt street in the Cordlandt 
building, Hudson terminal. 


TABLE OF DATA AND RESULTS ON REPRESENTATIVE FUELS BURNED IN A PRODUCER-GAS PLANT A'F THE FUEL-TEST ING 








Moisture. 
Florida peat...... 21.00 
Average of four lignites.... 35.5 
Average of four Illinois coals... 11.51 
Average of four Pennsylvania coals. . 3.47 
Average of four West Virginia coals.. 2.47 





Proximate Analysis, Per Cent. 








Fuel. 

Sten BENE EP MORE 
51.72 22.11 5.17 | 8,127 | 10,289 
28.96 | 27.72 8.27 | 7,164 | 11,038 
31.81 | 43.46 | 13.22 10,651 | 12,030 
19.68 67.31 9.54 | 13,651 14,136 
32.12 60. 17 | 14,248 14,610 


| 24 | 5. 
' 


B.t.u. per” Pound of 


PLANT OF THE TECHNOLOGIC BRANCH. UNITED STATES GEOLOGICAL SURVEY. 


| Cu.ft Standard | | 
iGas Produced per B.t.u. Per) 


Pound of Equiva-| Cu.Ft. of |Pounds of Equiva- 





| ~ : | lent* Fuel per 
| lent® Fuel Con- | Standard 
sumed by Pro- | Gas. | B.H.P.-Hr. 
ducer Plant. 
| 
|As vired.| Dry. |As Fired.| Dry. 
28.5 | 36.1 175.2 2.57 2.03 
| 
| 26.3 | 40.3 169.9 | 2.43 1.73 
| 49.6 56.1 153.2 1.66 1.47 
| 71.4 | 74.0 141.6 | 1.16 | 1.12 
| 77.5 79.5 | 1.03 | 1.00 


149.6 | 





*Equivalent fuel includes that used in producer, and also the amount required to generate 


the steam necessary for operating the producer. 





low-grade fuels with good economy. As 
will be noted in the table the poorer coals 
required a correspondingly greater quan- 
tity of the fuel to produce a horse-power. 

The equipment used was a_ 250- 
horse-power pressure producer, with a 
centrifugal tar extractor and gas-holder. 
A 233-horse-power, three-cylinder, ver- 
tical gas engine, belted to a generator, 
produced power which was measured by 
electric instruments connected with the 
switchboard. 

Of the four Pennsylvania coals tested, 
two came from the lower Kitanning bed, 
one from the lower Freeport and the 
fourth from the Pittsburg bed. Of the 
West Virginia coals, one came from the 
Ansted bed, another from the Eagle, both 
of these being mined in the New river 
district; a third from the Pittsburg and 
the fourth from the Keystone bed. 





In the machinery of art as in that of 
nature, only the simplest forms are per- 
manent.—ISHERWOOD. 


Westinghouse Machine Company’s ag- 
gregate steam-turbine development, in 
cluding all plants shipped or on order up 
to December 31, 1907. It seems that an 
error was made, according to advices we 
have received from the company, in the 


kilowatt capacities’ column for plants 
above 10,000 kilowatts, and the revised 
totals, by general classification, should 


have been as follows: Electric traction, 
263,700, instead of 178,400; electric light 
ing, 161,250, instead of 45,000; steam rail 
roads, 53,400, instead of 33,900; indus- 
trial, 43,150; mining and irrigation, 13,950; 
U. S. Government, 10,500; miscellaneous, 
2000. This makes a grand total of 541,- 
450 kilowatts in the class of plants stated, 
instead of the 223,400 kilowatts published, 
and 640,700 kilowatts for all classes of 
plant—a very gratifying showing 





The first annual commencement of the 
Finlay Engineering College, of Kansas 


City, Mo., was held during the first week 
April. 


in Diplomas were awarded by 





The York Manufacturing Company, York, 
Penn., builders of ice-making and _ re- 
frigerating machinery, has made recent sales 


of 30 ice plants, aggregating 1816 tons of 
refrigeration. 

E. H. Webster, whe has had several years’ 
experience in the steam-specialty business, 


has accepted a position with the American Steam 
Gage and Valve Manufacturing Company, and 
will make his headquarters at its Chicago office. 

The F. S. Walton Company, of Philadelphia, 
advises us of its willingness to send a can o 
‘*Oxoilox”’ belt dressing free of charge to any 
belt user. When writing, state number and 
average size of belts in use. 

H. M. Underwood has relinquished the New 
York agency of the Safety Equipment Manu- 
facturing Company and has connected himself 
with the Engineering and Combustion Company, 
143 Liberty street, New York City: 


The Consolidated Packing and Supply Com- 
pany has been incorporated for the manufacture 
of packings and as dealers in power-plant sup- 
plies. Offices have been opened at 136 Liberty 
street, New York City. Following are the 
officers of the new company: President, George 
George A. Wesiner; vice-president, George W. 
Adams; secretary and treasurer, Roy A. Schafer. 
These were formerly with the Garlock Packing 
Company. 
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Frank MacGovern announces that he has 
associated himself with J. Warren Archer and 
organized the firm of MacGovern, Archer & 
Company, which will handle power-plant ma- 
chinery, both new and second-hand, with Mr. 
Archer as manager of the sales department 
and Mr. MacGovern as_ vice-president and 
general manager. The offices will be at 114 
Liberty street, New York City. 


An unique mailing card is being sent out 
by Adam Cook’s Sons, makers of Albany 
grease, 313 West street, New York. Among 
other features are interesting half-tone en- 
gravings showing how Albany grease has re- 
placed other lubricants that could not keep 
bearings cool, even with the addition of ice 
and water, in the plant of the Equitable Life 
Assurance Society, 120 Broadway, New York, 
together with a letter from George Gordon, 
chief engineer, testifying to the good results. 
There are also views of an ingenious hand- 
made spindle Albany grease cup as used on 
the 500-horse-power Corliss engine in the 
same plant. 


The Bristol Company, of Waterbury, Conn., 
has come under the control of Prof. William 
H. Bristol, whose inventions this company has 
been manufacturing since it was first organized 
in 1889. Professor Bristol assumed active 
charge of the management of the business on 
Friday, March 28, and now owns the majority 
interest. The business which has been carried 
on at New York under the personal name of 
William H. Bristol will hereafter be combined 
with the Bristol Company, and by this consoli- 
dation of interests the Bristol Company will 
have the most complete line of recording instru- 
ments in the world for pressure, temperature, 
electricity and a great variety of other applica- 
tions. The Bristol Company was organized 
in 1889 under the name of Bristol’s Manufac- 
turing Company, to manufacture’ Bristol’s 
pressure gages and Bristol’s steel-belt lacing, 
for which William H. Bristol had taken out 
patents. To }these were added many other 
inventions from time to time, and in 1894 the 
husiness was incorporated under the name of 
“The Bristol Company.’’ Two years ago 
William H. Bristol withdrew from the _ presi- 
dency of the company, and since that time has 
developed many new inventions, including 
the William H. Bristol electric pyrometers and 
patented smoked-chart recorders. The new 
pyrometers have come into wide use, there 
being for instance fifty of these pyrometers in 
service in one of the large steel plants. Mr. 
Bristol has taken out a large number of patents 
during the last three years on new instruments 
One of these which will be soon put on the 
market is the long-distance electric thermometer, 
designed especially for indicating and recording 
refrigeration, atmospheric and drying tempera- 
tures. This instrument will fill a long-felt want 
for use where it is desired to quickly indicate 
at some central station by means of switches 
the temperatures at several distant points. 
The new lines of William H. Bristol instruments 
supplement those of the Bristol Company, 
supplying a variety for applications for which 
the old instruments could not be recommended. 
For example, the standard Bristol’s recording 
thermometers cannot be successfully used for 
temperatures above 600 degrees Fahrenheit, 
whilef the} William H. Bristol pyrometers are 
being applied to great advantage for the higher 
ranges of temperature, especially for ranges 
from 600° to 2600 degrees Fahrenheit. The 
new lines of William H. Bristol pyrometers are 
fitted with special movements 
Weston Electrical Instrument 
are designed for extremely accurate measure- 
ments. The combined line of recording instru- 
ments to be hereafter manufactured by the 
Bristol Company will make it possible for the 
company to codperate better than ever before 
with its customers to give them perfectly satis- 
factory service. 
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New Equipment 


R. H. Allen, Buford, Ga., 
the tannery recently burned. 


The Jasper (Ala.) Light and Power Com- 
pany will enlarge its plant. 

Cc. F. Sugg, of Huntsville, Ala., contem- 
plates building ice plant in New Decatur, Ala. 


The De Witt Gin and Mill Company. De 
Witt, Ark., will rebuild cotton gin and spoke 
mill, which burned recently. 

The Sherbrooke (Inc.) Light and Heat 
Company contemplates installing a 500-kil- 
owatt, 3-phase, 60-cycle generator. 

The St. James (Mo.) Ice and Power Com- 
pany, a new concern, will construct an elec- 
tric-light and ice and cold-storage plant. 

The Childress (Texas) Ice and Light Com- 
pany, recently incorporated, will establish 
electric-light plant and ice factory. P. C. 
Maricle, manager. 


The Hambleton (W. Va.) Water Company 
has been incorporated with $50,000 capital 
to construct water works. C. A. Roberts, of 
Hambleton, is interested. 


The citizens of Hartley, Iowa, have voted 
to issue $12,000 bonds, proceeds to be used 
for the construction of an_ electric-light 
plant. T. R. Lock, mayor. 


will rebuild 


The Electric light commissioners, 
ameda, Cal., are planning to erect a new 
building for the municipal  electric-light 
plant at a cost of $50,000. 


Plans have been completed for erection of 
addition to the power house of the muni- 
cipal electric-light plant at Nashville, Tenn., 
cost of building, exclusive of equipment, will 
be $30,000. 

The Nevada-California Power Company is 
said to be planning to expend about $5,000,- 
000 in extending and improving its plant in 
Nevada. J. W. White, Goldfield, Nev., sup- 
erintendent. 


of Al- 





Help Wanted 


Advertisements under this 
serted for 25 cents per line. 
make a line. 

WANTED—tThoroughly competent 
specialty salesman; one that can sell high- 
grade goods. Address “M. M. Co.,’” Power. 

AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago. 


head are in- 
About six words 


steam 


WANTED—Salesman on commission for ” 


high grade power specialties. Address, stating 
experience, Chas. T. Luce Co., 160 Congress 
St., Boston, Mass. 

WANTED—Man familiar with laying out 
and selling power transmission machinery ; 
state age, experience, reference and salary 
expected. P. O. Box 2062, New York city. 

WANTED—An engineer, thoroughl fa- 
miliar with Curtis turbines and auxiliaries, 
electric switchboard, ete.; state experience 
and give age and references. Address P. O. 
Box 17, Pawtucket, R. I 

WANTED—Agents or representatives to 
handle thoroughly established line of gas pro- 
ducers in New York city and surrounding ter- 
ritory: over 2500 horse-power in successful 
operation in the district. Box 62, Power. 
_WATCH ENGINEER for Manila, Philip- 
pine Islands; apparatus consisting of B. & 
W. boilers, five Westinghouse turbines, rotary 
converters and lHghting switchboard. Man 
wanted must be capable of qualifying as 


chief engineer: salary $125 for first six 
months and $150 thereafter; transportation 


furnished to Manila; 
single man; 
63, POWER. 

WHO ARE BEST fitted to talk machinery ? 
Engineers are. Who makes the money and 
sees the world? Salesman do. Queer, but 
you know I am dead right. Your knowledge, 
experience and acquaintanceships are your 
assets; now is your time to turn these into 
money: I say you ought to develop into a 
star salesman for my new illuminating de- 
vice as revolutionary in illuminating engin- 


quarters provided for 
meals cost $5.50 per week. Box 
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eering as the automatic stoker was in the 
boiler room; exclusive territory and partic- 
ulars if you call or write. Charles M. Rip- 
ley, 29 West 42nd St., New York. 


Situations Wanted 


Advertisements under this head are 
serted for 25 cents per line. 
make a line. 

POSITION by married man of 24; one 
year’s experience at firing in small refriger- 
ating plant. Box 69, Power. 

A THEORETICAL engineer accustomed to 
planning and supervising, but who has never 
personally had direct charge of engine and 
boiler, now wishes position as running en- 
gineer. Box 68, POWER. 

Wanted by a young man, position with elec- 
trical company where there is chance for ad- 


in- 
About six words 


vancement; have good education; over a 
year’s experience in steam-electric plant; 
knowledge of mechanical drawing. I. C. S. 


student. “X. Z.,’’ POWER. 


WANTED—A position as superintendent of 
a light or power plant; nine years’ experi- 
ence in electrical and steam engineering; 
fully experienced to handle plants from boiler 
room to superintendent’s office; married. 31 
years old, q@ teetotaler; A-1 references. Box 
67, POWER. 


POSITION by young man as draftsman or 
correspondent having had the following ex- 
perience: Two years’ with Corliss engines, 
three years’ with gas engine work and two 
years’ with pumping engine; have had both 
a business and mechanical education; what 
have you to offer? Box 70, Power. 


POSITION by married man, age 25, in en- 
gineering department of some manufacturing 
firm; will graduate in mechanical engineering 
course from Cornell in June: sober and 
honest: references if desired; have had con- 
siderable practical experience. Address T. S. 
Arnold, 307 Stewart Ave., Ithaca, N. Y. ‘ 


WANTED—Position as engineer to take 
charge of a manufacturing plant from 200 
to 1000 h.p., or second in larger plant, by 
man 28 years of age with 10 years’ experi- 
ence; have good kit of tools and indicator 
outfit; have had charge of 500 h.p. plant for 


five and a half years; married, sober, re- 
liable; refererce. D. C. T., Power. 
SITUATION WANTED by a_ mechanical 


engineer (practical) ; 15 years’ experience in 
the installation and operation of all kinds of 
mechanical and electrical machinery; thor- 
oughly up to date in the handling of men; 
just finishing an $800,000 plant; open for 
engagement May 1. Box 64, Power. 

WANTED—Position as engineer; 20 years’ 
experience with triple expansion pumping en- 
gines, cross compound condensing engines 
and turbines; best of references; am 38 
years old and have first class license; am 
a graduate of I. C. S. and do nt use tobacco 
or intoxicants in any form. Box 66, Power. 

POSITION WANTED as_ superintendent, 
chief, or assistant or repair man of large 
plant; five years’ experience all kinds engines 
and turbines; was on road erecting turbines: 
have tools; student I. C. S. mechanical en- 
gineering; experienced and well read on elec- 
tricity; good references; 26; sober. Box 
65, POWER. 

POSITION with electrical company in the 
southwest at once by young married man; 
student I. C. S. in electrical railways and 
A. S. C. in electrical engineering: strictly 
sober and not afraid to work; want chance 
for advancement; best references: give full 


particulars in first letter. Chas. L. Detrick, 
204 S. Tyler St., Van Wert, Ohio. 
Miscellaneous 
{dvertisements under this head are in- 


serted for 25 cents per line. 
make a line. 

WANTED—To buy a second-hand 150 h.p. 
open-feed water heater. Address Ayers Min- 
eral Co., Zanesville, Ohio. 

BACK NUMBERS of engineering and tech- 
nical publications bought and sold. John R. 
Anderson, 67 Fifth Ave., New York. 

MACHINES DESIGNED; complete working 
and assembly drawings made to your specifica- 


About six words 


tions; engines, steam pumps, condensing ap- 
paratus, valves of all types and piping a 
specialty: estimates furnished. Address 
“C. H..” Mechanical Engineer, Power. 
For Sale 
{dvertisements under this head are in- 


serted for 25 cents per line. 
make a line. 
FOR SALE 


About six words 





20x48 Wheelock engine and 
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An Incorrect Steam Gauge 


And the Clock that Points 
to 2.31 and Strikes 14 at 
Six O’clock Are on a Par 


The AMERICAN DEAD WEIGHT 
TESTER makes it easy for the engi- 
neer to keep his gauges accurate. 














It operates by dead weights and 





shows up any inaccuracy at 
once. 


It occupies but little space, has 


many advantages over the mer- 





cury column and is absolutely 


accurate. 


Send for Descriptiv2 Circular 
4-D, 


The American Combined Pressure 
and Recording Gauge 





tells the pressure at a glance and keeps a 
continuous record of the pressure at all 
hours of the day and night. 


It makes possible a fuel-saving that soon 
pays for the gauge, aside from eliminating 
careless firing of the boiler. 


Send for the Circuiar 3-D, 





American Steam Gauge & Valve Mfg. Co., 


208-220 Camden Street, Boston, Mass. 
New York, 26 Cortlandt St. Atlanta, 853 Equitable Bldg. Chicago, 7-9 So. Jefferson St. 


Pittsburg, Frick Bldg. Annex. San Francisco, 247 Pine Street. 
Montreal, 444 St. James Street. Los Angeles, 213 So. Los Angeles Street. 




















50 ‘ 


two 72”x18’ high pressure tubular boilers in 
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larger unit and can be shipped at once. Ad- 66” diameter, 12” face, 200 revolu- 
sy condition, cheap. Address “Engineer,” dress Wm. G. Boyle, Supt. Central Power tions per minute, left hand action, valves and 
x 2, Station A, Cincinnati, Ohio. Plant, Estate of Henry W. Oliver, Pitts- piston tight, oil cups, intake 4”, exhanst 5”. 
man SALE—One 200 k.w. 125-250 volt burg, Pa. Used for electric lighting. Selling because 
d. c. three wire Westinghouse generator, di- FOR SALE orter & Allen engine, veplaced by 600 horse-power engine. Edison 
rect connected to 16-28-18 vertical compound 100 h.p., cylinder 12x20, France me- 110 volt dynamo, old type, thirty kilowatts, 
Ball engine, 200 r.p.m., 150 pounds steam _ tallic packing, cylinder new two years good condition. Henry H. Sheip Mfg. Co., 
pressure. Above unit has been replaced by a ago and never rebored, two fly wheels 


529-535 Columbia Ave., Philadelphia, Pa. 
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Gas Engines in a Carnegie Steel Plant 


Three Large Double-acting Westinghouse Units at Bessemer which 


Are Being Successfully Operated under Rather Trying Conditions 





=x ¢ 


At the Edgar Thompson Works of the 
Carnegie Steel Company, located at Bes- 
semer, Penn., three large Westinghouse 
gas engines are doing work that should go 
far toward establishing confidence in the 
double-acting type of gas engine as a 
prime mover for use under trying oper- 


ating conditions. Two of these drive 
blowing “tubs” and the third is direct- 
connected to a 250-volt direct-current 


cia Ff. 


mensions and conditions. They are exactly 
alike excepting the mechanical connections 
between them and the apparatus they drive. 
Fig. 1 shows the electric unit and gives 
a fairly good idea of the general con- 
struction of the engine. As this illustra 
tion indicates, the engines are of the side- 
crank type, with one crank-shaft bearing 
on of the twin unit. The 
cranks are set go degrees apart on the 


each frame 


ro? & & 


stresses involved by the side-crank con- 
struction. The box girder completely 
surrounds the crank “pit,” forming a 


rectangular bed which is anchored at ail 
An 
“shank” of the frame through 


four corners. oval window is pro 
vided in the 
which the crosshead and guides are easily 
The 


distance piece between the tandem cylin- 


accessible intermediate frame or 


ders is cored out at the top to give access 





FIG. 1. 


which current for 
reneral power and lighting service about 
he works, operating in parallel with the 
‘orliss-engine plant. This service 
several large rolling-mill drives, 
-ansfer tables, carriers, hoists, cutting-off 


generator, supplies 


in- 


‘ludes 


ES, 206. 
lhe engines are all twin tandem double- 
ting machines, rated at 2000 to 3000 





ke horse-power each, according to di- 





VIEW 














OF THE ENGINE WHICH DRIVES THE ELECTRI( 
shaft, as in cross-compound steam-engine 
practice. Each crank-pin is cast in one 
piece with the check or web, of steel, and 
is provided with an the 


center, as shown in Fig. 2. 


oil chamber in 


FRAME AND CYLINDERS 


The main frame is a one-piece casting 
of box-girder construction, heavily re- 
inforced withstand = the 


to transverse 








GENERATOR 


to the intermediate shoe and guide, and 
tie-bolts are provided across this opening 
to take stresses and prevent any bending 
In Fig. 1 
not shown, having been 


stress in the distance piece. 
these tie-bolts 
removed when the photograph was taken 
The tail-frame construction is clearly in- 
dicated in Fig 3, and this photograph also 
shows the tie-bolts at the top of the dis 


are 


tance piece between the cylinders. The 
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cylinders are supported entirely by the 
main frame, the distance piece and the 
tail-frame, no supports being employed 
beneath the cylinder barrels. This 
rangement gives a clear space beneath the 
engine for the exhaust pipes and valve 
mechanism without entailing special cut- 
out designs for foundations; the latter 


ar- 


Btoken Lines show 
of Rough Casting — 
Full Lines shown if 
Finished Crank i 
| 


FIG. 2. 


’ 


THE CRANK 
The main frame is 
anchored rigidly to its foundation; the 
distance piece and tail-frame are provided 
with surfaced lugs or feet which slide on 
surfaced their respective sole 
plates to allow for expansion; this con- 
struction is illustrated in Fig. 3. 

The main bearing construction is illus- 
trated by Fig. 14, which leaves little to be 
said in explanation. The bushing is in 
three pieces, arranged for vertical and 


are simple piers. 


pads on 


April 28, 











FIG. 4. SHOWING THE CYLINDER CONSTRUCTION 


horizontal adjustment and having jacket 
spaces cored in them for water-cooling. 
It will be noticed that the cap is not relied 








on to hold the jaws of the box seat 
against spreading; this*.function is in- 
trusted to two heavy tie-bolts. There is 





FIG. 3. QUARTERING VIEW OF REAR END OF THE GAS ENGINE 
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practically no mechanical thrust on the 
bearing cap, and it is, therefore, held in 
place by cap-bolts of moderate size. The 
bushing shells are lined with hammered 
babbitt. 

Each cylinder barrel is cast in two 
pieces, the joint being a circumferential 
one midway of the piston travel. Each 
end of the barrel is cast with the water 
jacket for that end, and the two ends are 
anchored together at the center by I- 
links, as shown in Fig..4. The gap in the 
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inches. With good gas it is capable of 
about 2700 brake horse-power at 84 revo- 
lutions per minute. Fig. 5 shows also the 
studs which hold the cylinder-heads in 
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FIG. 6. VALVE-GEAR 


water-jacket wall is closed by a split band, 
a3 shown in Fig. 5. The cylinders of the 
electric engine are bored 4o inches in 
diameter and the piston. stroke is 54 


place and hold the cylinder barrel in its 
circular seat in the frame; the latter are 
the longer ones forming the outer circle, 
of course. 
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PIsTONS AND PIsTON-RODS 

The are each in one 
piece, without chaplets, and when turned 
to size are 
internal surfaces in that the 
thickness of metal in the piston barrel 
may be uniform all around. The piston 
is forced on the rod with a tapering fit 
and held in place by a large nut which is 
afterward turned off flush with the pis- 
ton face; the piston, therefore, cannot be 
removed from the rod. 


pistons cast 


they centered with the 


order 


The piston-rod is 
made in two pieces which extend from the 
intermediate crosshead shoe forward and 
rearward, respectively. The pistons are 
centered in the cylinders by adjustments 
at the three crossheads. Each piston is 
equipped with four sectional packing 
rings; the sections of each ring are joined 
by brass keepers and set out by flat steel 
springs. The piston-rods are hollow, of 
course, to admit and discharge cooling 
water to and from the pistons, and they 
are turned without any camber. 


VALVES AND VALVE-GEAR 

The inlet and exhaust valves are located 
at opposite ends of the vertical cylinder 
diameter, as shown in Fig. 6. Both valves, 
at each end of a cylinder, are operated 
by a single eccentric through wipers and 
rocker-arms; this construction is also 
shown in Fig. 6. The exhaust valve is of 
the mushroom type, hollow, with a tube 
extending up the stem into the center of 
the head for discharging the cooling 
water; the water is introduced through 
the annular passage between the outlet 
tube and the wall of the valve-stem. The 
valve cage sets into a circular housing 
projecting downward from the cylinder 
barrel; Fig. 5 shows the two valve-cage 
housings of a cylinder, and the exhaust 
outlets to which the exhaust pipes are 
bolted. This picture was taken from the 
electric engine in which the valve-cage 
housings are cast integral with the cylin- 
der castings. In the blowing engines the 
housings are bolted on, which accounts 
for their absence in Fig. 4. 

The main inlet valve is of the simple 
disk type and is opened and released by 
the eccentric and wiper levers always at 
the same points of the piston travel. 
There is mounted on the valve-stem, how- 
ever, a cylindrical valve which controls 
the quantity of air and gas admitted, this 
being under the control of the governor. 
It is not shown in Fig. 6, but the con- 
nection for the governor rod is shown. 
The cylindrical valve fits closely in the 
bore of the valve cage and has ports 
in its wall which correspond to the ports 
leading into the cage from the air and 
gas passages. When the admission valve 
is on its seat, the ports in the cylindrical 
valve are above those in the cage wall, 
and the latter are therefore closed, pre- 
venting gas from backing up into the air 
passage. When the inlet valve is de- 
pressed by the valve-gear, the cylindrical 
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valve goes with it, and its ports then come 
into horizontal alinement with the air and 
gas ports in the wall. The governor con 
trols the quantity of air and gas admitted 
by rotating the cylindrical valve on the 
disk-valve stem; in the full-load position 
the ports are all in exact alinement when Crank! Angles _| 
the valve is depressed, and at lesser loads yom 3] 3) i 
the valve is twisted around by the gov- — Miri ss 
ernor so as to shut off part of the port Power Stroke —o paheneer ceane 
opening. The four cylindrical valves ot » Angular Rotation of Shaft 
one side of the engine are all connected FIG. 7. VELOCITY CURVE FOR EXHAUST VALVE, FIG. 8. PRESSURE AND VELOCITY 
together by reach-rods, as shown in BASED ON PISTON TRAVEL CURVES SHOWING ACTION 
OF EXHAUST-VALVE 
MECHANISM 


en! 
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|Valve Full 0; 


Upward Pressures 
—» on Valve Stem 


itight of Valve Lift 








Travel 
>of Valve 























based on piston travel, and the latter pres- 
sure and velocity curves based on crank- 
pin travel. 
THE GOVERNOR 

The Jahns governor is used, and it is 
belt-driven from the lay shaft very near 
the bevel gears which drive it; the tor 
sional effects of the valve mechanism, 
therefore, do not interfere with the 
work of the governor. The governor 
does not adjust the position of the 
regulating valve by direct mechanical con- 
nection. It actuates a small balanced pilot 
valve which admits oil under pressure to 
one end or the other of a cylinder con- 
taining a piston which is linked to a ver- 
tical spindle; this spindle carries on its 
upper end an arm which is linked to the 
system of reach-rods already described. 
An arrangement somewhat similar to that 
used on steam steering gear is employed 
to restrict the travel of the oil piston 
to the limit determined by the distance 
FIG. 5. SHOWING JACKET BAND AND EXHAUST-VALVE HOUSINGS through which the governor moves the 








lig. 3, so that the governor adjusts all aia Contactor o1 ‘Timer 
four valves simultaneously and_ alike. ' 

The two sets of regulating gear are con 

nected by double reach-rods, shown in 





ae Magnets EH 


Tig. 1, so that there is no lost motion be- : = : ] 


tween the two sides. . 
The wiper levers are proportioned so as 

to give very quick opening, as indicated A) Trip Device 

by Figs. 7 and 8, the former being the 


velocity curve for the exhaust valve, . II, DIAGRAMMATICAL WIRING PLAN FOR MAGNETIC IGNITERS 




















FIG, 9. ELECTROMAGNETIC IGNITER FIG. IO. TIMER FOR MAGNETIC IGNITERS 








April 28, 1908. 








pilot valve. Oil is supplied at a pressure 
of about 30 pounds per square inch by 
a small pump. 


IGNITION 


The engines are equipped with one elec- 


POWER 


rocking armature and an igniter plug with 
the usual rocking electrode. The arm- 
ature has a finger which strikes the arm 
of the igniter electrode when the magnet 
is energized. The magnet coils are con- 
nected in series with the igniter electrodes 
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gear shaft. A safety-stop is included in 
the igniter-supply circuit as indicated 
diagrammatically in Fig. 11. Should the 
speed exceed the predetermined limit, a 
dog is thrown out from the fly-wheel 
rim by the excessive centrifugal foxce 
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FIG, I3. OILING SYSTEM 


mechanical and two purely mechani- 
cal make-and-break igniters. The latter 
embody no special features. The electro- 
‘chanical igniter is shown by Fig. 9. It 
nsists of an electromagnet having a 








and serve as 
The circuit is 
structed on the 
those used on 
Fig. 10) and 


FIG. I2. COOLING-WATER CIRCULATION SYSTEM 


«Approximate 19 uv varying with Size of Generator - 





inductive (spark) coils. 
closed by a timer con- 
same general principle as 
automobile engines (see 
driven from: the valve- 





and it strikes the trigger of the safety 
stop, releasing the switch-blade and al- 
lowing it to be opened by a heavy weight. 


COOLING-WATER SYSTEM 

The water jackets of each cylinder 
are not connected in series, as is frequent- 
ly done, but there are entirely independent 
circuits for the principal parts. The water 
for each cylinder barrel enters two in 
lets near the cylinder-heads and discharges 
from the center into the waste pipe. The 
water for the exhaust valves enters direct 
from the supply main to each valve and 
discharges from the valves to the cylin 
der-barrel jacket at points nearer the 
outlet than the main inlets of those jackets ; 
a valve is provided in each main-jacket 
inlet pipe by means of which the pres 
sure relations may be properly adjusted. 
The exhaust-valve-cage jackets take water 
direct from the main; their outlets are 
combined and the discharge water from 
them passes first to the rear head of 
the rear cylinder, or the front head of 
the front cylinder; thence to the cylinder 
head next to the intermediate crosshead 
and thence to the intermediate end of the 
half piston-rod belonging to that cylinder. 
Passing through the pistons the water 
discharges at the forward and rear cross 
heads Fig, 12 is a diagram of thes 


circuits 


GENERAL 

The engines run on blast-furnace gas 
which must be usually well cleaned, judg 
ing from the extensive cleaning plant at 
the Bessemer works. Although extensive, 
however, the cleaning outfit is simple and 
simply arranged. The gas passes through 
dry dust catchers, wet scrubbers and 
centrifugal cleaners of the Theisen type. 

The oiling system is shown in Fig. 13, 
while Fig. 15 is an elevation of the engine, 
shewing also the exhaust piping. 

The multiple-ignition system has been 
found by careful test to give greater 


544 
power than a single igniter, especially 
with a_ sluggish gas, all other con- 
ditions being unchanged. This is un- 


doubtedly due to the fact that igniting the 
mixture at two or more points widely 
separated produces more nearly instanta- 
neous combustion of the entire mass than 


Lifting Bolts 


Pree> ire Bolt 








FIG. 


igniting at one point and trusting entirely 
to flame propagation. Experiments along 
this line made on smaller engines at Rock- 
land, N. Y., gave an increase of 23 per 
cent. in explosion pressure and 4 per 
cent. in mean effective pressure when two 
igniters were used instead of one. 

The engines driving the blowing tubs 
at Bessemer were shut down on the 
occasion of the writer’s visit to the plant, 
because of the limited supply of gas then 
available. The electric unit was running, 
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Semi-annual Meeting of the 
A. S. M. E. 


The semi-annual meeting of the Amer- 
ican Society of Mechanical Engineers 


will be held in Detroit, Mich., June 23 to 





14. DETAILS OF MAIN BEARING 


26. Among the papers to be presented at 
this session are: “A Method of Cleaning 
Gas Conduits,’ by W. D. Mount; “A 
Method of Checking Conical Pistons for 
Stress,” by Prof. George H. Shepard; 
“Clutches,” with special reference to auto- 
mobile clutches, by H. Souther; “Horse- 
power, Friction Losses, and Efficiencies 
of Gas and Oil Engines,” by Prof. L. S. 
Marks; “Some Pitot Tube Studies,” by 
Prof. W. D. Gregory; “The Thermal 
Properties of Superheated Steam,” by 
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pers by several authorities. The Society 
for the Promotion of Engineering Educa- 
tion and the Society of Automobile Engi- 
neers will also hold their annual meet- 
ings in Detroit at this time, which will 
enable members of each society to partici- 
pate in the sessions of the others. 





Catechism of Electricity 





673. Describe a lightning arrester for 
direct-current circuits? 


Fig. 215 shows a lightning arrester 
suitable for direct-current circuits up to 
700 volts. Two metal electrodes m and n 
are mounted upon a lignum-vitae block 
e, flush with its surface. The arrester 
is of the single-pole type, one of the 
electrodes being connected to the line and 
the other to ground. Charred or car- 
bonized grooves r provide paths for the 
discharge. Upon the block e and covering 
the grooves and electrodes is placed a 
second lignum-vitae block s. Lightning 
discharges will readily pass between m 
and » over the charred wood in the 
grooves, but as this path has a resistance 
of over 50,000 ohms, there is no ap- 
preciable leakage of current. 


674. What other form of lightning 
arrester is suitable for direct-current 
circuits? 
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FIG. 15. ELEVATION OF ENGINE, SHOWING EXHAUST 


however, and the manner of its work- 


ing, together with the plant records, gave 
indication of smooth, reliable perform- 
ance as a regular diet—in short, the sort 
of performance that the writer has stead- 
fastly claimed to be indispensable to the 
ultimate success of gas power. 
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Prof. R. C. H. Heck; “A Journal Fric- 
tion Measuring Machine,” by Henry 
Hess; “A By-product Coke Oven,” by 
W. H. Blauvelt; “Tests of Some High- 
speed Steam Engines,” by-F. W. Dean. 

There will be a symposium upon ma- 
chinery for conveying materials, with pa- 
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PIPING 


Fig. 216 shows another type of light 
ning arrester designed for this purpose; 
a diagram of the circuit and parts is given 
in Fig. 217. This arrester has two rounded 
gap terminals a and c, between which 
is an adjustable spark gap; there are also 
a non-inductive resistance ¢, and a mag- 
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metic blow-out coil m, all completely in- 
closed in a porcelain box b. The line con- 
mection is made to one side of the spark 
gap, the other side of which is connected 
through the non-inductive resistance to 
ground by the conductor g. The spark-gap 
terminals are mounted on the under side 














FIG. 215. NON-ARCING LIGHTNING ARRESTER 
FOR D.-C. CURRENTS 


of the cover s of the porcelain box in such 
a manner as to make them readily ac- 
cessible for inspection and cleaning. Any 
attempt of the direct current to follow 
a lightning discharge to ground is im- 
mediately interrupted at the spark gap 
by the action of the magnetic blow-out, 
the field of which is produced by the pas- 
sage of the current through the blow- 
out coil connected in shunt with a por- 
tion of the non-inductive resistance. In 
the cover is a porcelain blow-out chute 1, 
which surrounds the spark gap and pre- 
vents sparks from reaching other parts 
of the arrester. 

675. Are any special precautions neces- 
sary in the use of this arrester? 




















216. MAGNETIC BLOW-OUT LIGHTNING 
ARRESTER FOR D.-C. CIRCUITS 


FIG, 


On account of the smallness of the 
spark gap it is essential that the terminals 
be kept clean so as to maintain the 
proper arcing distance. Hence, the ar- 
rester should be inspected from time to 
time, and if feasible, after every severe 
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lightning storm. If the spark gap termin- 
als are found to be damaged after a light- 
ning discharge, they should be cleaned 
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DIAGRAM OF THE LIGHTNING AR- 
RESTER IN FIG. 216 


FIG, 


tN 
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and adjusted to the proper gap, which 
is 0.025 inch for 60- to 850-volt circuits and 
0.094 inch for 2000-to 6000-volt circuits. 
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FIG. 218. DIAGRAM OF CHOKE COILS IN CON- 


NECTION WITH A MULTIPLE-GAP 
LIGHTNING ARRESTER 


CHOKE COoILs 
676. For what purpose are choke coils 
used? 
The purpose of a choke coil is illus- 

















FIG. 219. CHOKE COIL FOR HIGH VOLTAGE 


trated in Fig. 218 where b and ¢ repre- 
sent the line wires of the dynamo a. 
Connected in series with b and ¢ are the 
choke coils and m, and close to the 
outer ends of these coils are connected 
the wires, d and ¢, which run to the light- 
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ning arrester k&. A lightning discharge, 
owing to its peculiar properties, finds 
much difficulty in passing a choke coil, 
and as it comes in on the line wires b’ 
and c’, will “pile up,” as it were, in front 
of the coils h and m. Before the charge 
becomes sufficient at f and g to pass 
through the coils A and m, it will find its 
way through the wires d and e, and 
through the arrester k, to ground. The 
arrester k represents the double-pole, non- 
arcing type of Fig. 217, but consisting of 
seven non-arcing metallic cylinders 

















FIG. 220. LOW-VOLTAGE CHOKE COIL 


Choke coils may also be applied to ad- 
vantage between a dynamo and a cir- 
cuit-breaker, where they will overcome, 
to some extent, the high-voltage reactive 
kick through the machine when the cir- 
cuit is opened. 

677. How are choke coils made? 

For high-voltage circuits they are usu- 
ally made in the form of a helix, as in Fig. 
219, the convolutions being separated by 
air-spaces. For low voltages the wire is 

















FIG. 221. CHOKE COIL FOR ALTERNATING 


CURRENT OF LOW FREQUENCY 


insulated and the convolutions lie close 
together, as in Fig. 220. For low fre 
quencies, requiring a large number of 


convolutions, the convolutions are usually 
put form 
the sake of compactness. 


in spiral as in Fig. 221, for 
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The High-pressure Hydraulic Elevator 


Description of the Automatic Stop-valve on the Otis Horizontal 
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Machine; also Another Type of Stop-valve for Vertical Elevators 





BY WILLIAM 


The automatic stop-valve shown on the 
horizontal machine, Fig. 204, is very dif- 
ferent from that described last week. Its 
construction is clearly shown in Fig. 222. 
The actuating sprocket chain passes 
around the sprocket wheel G which car- 
ries a beveled pinion G’ meshing with a 
segment H, mounted on the valve shaft 
H’. ‘The body of the valve F carries a 
loose segment F’ that fits against the 
valve chamber when forced outward, but 
can be moved away from the seat some 
distance when the force acts toward the 
center of the shaft. When the water flows 
in the direction indicated by D and E, 
the valve is turned counter-clockwise to 
stop the flow and, consequently, the ele- 
vator car. But when the car lever is re- 
versed to run in the opposite direction, 
the flow of water through the valve will 
be reversed and the segment F’ will be 
pushed away from the valve seat so that 
a sufficient amount of water may pass 
through to enable the car to start up ata 
moderate speed. The operation of this 
valve will be recognized as identical with 
that of the automatic stop-valve used in 
the low-pressure vertical elevators de- 
scribed in former articles. When the car 
moves away from the landing, the valve 
I, F’ is returned to the central position, 
in which it is drawn by the action of a 
centering weight or spring. No device 
of this kind is shown in the drawings, but 
the valve is not used without it. The 
general appearance of this valve can be 


226. This type of valve is used probably 
more than that shown in Figs. 203 and 221. 
The way in which it is actuated is clearly 
shown in Fig. 227. The operating chain 
passes around the sprocket G which is 









Section at 
Center Line b-B 
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Cover removed 


Section at 
Center Line A-A 


FIG. 222 


BAXTER, 


JR. 


same manner as that of Fig. 222 and 
operates in the same way. On the shaft 
I is mounted a large wheel L and to this 
is fastened a chain that carries the cen- 
tering weight, as shown in Fig. 227. This 











Section at Center Line C-C 


chain is held in the central position by 
the guide wheels L’ L’. It will be noted 
that this part of the construction is th« 
same as that of the stop-motion valve of 
the Whittier horizontal pulling machine. 
The operating rope shown in Fig. 227 
carries stop-balls that are struck by the 
arm projecting from the traveling-sheave 
frame. This rope runs the entire length 
of the guides in which the sheave frame 
travels. At the lower end a sprocket chain 
is connected with the ends of the rope 




















FIG. 223 

seen in the photographic views, I‘igs. 223 

to 225. 
Another design of automatic stop-valve 

used generally with vertical - cylinder 

high-pressure machines is shown in Fig. 


FIG, 224 
mounted on one end of the shaft /, Fig. 
226. On the other end of this shaft there 
is a pinion that meshes into a gear J 
mounted on the valve shaft (see Fig. 
226). The valve is constructed in the 





and passes around sprocket wheel G s 
as to move the valve in exact time wit! 
the movement of the sheave frame. 
The air chamber shown at Q, in Fig 
203, is constructed in the way shown : 
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Fig. 228. The object of this air chamber 
is to smooth out any slight pulsations in 
the water that may not be taken out by 
the air chambers attached to the pump. 
In the low-pressure systems such a device 
is not required because the pumps deliver 
into a pressure tank and the water flows 
from this into the elevator cylinders in an 
even stream. In high-pressure systems 
this is not the case; the pumps are con- 
tinually forcing water into the system and 
the lifting cylinders are drawing it out, 
and unless some device is provided that 
can act like a cushion every pulsation of 
the pumps that is not subdued by the 
pump air chamber is sure to be trans- 
mitted to the elevator cylinders and 
thence to the elevator cars. 

The difference between the air cham- 
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in the chamber above a certain point the 
valve will float off its seat, but if the 
pressure in the pipe line drops below this 
point the float will not sustain the valve, 
so it will settle down on its seat and thus 
prevent the water and air from being 
forced out into the pipe line. The level 
of the water in the chamber is adjusted 
by so setting the nuts on the rods that 
hold the adjusting springs that more or 
less of the weight is supported. If the 
nuts are run down more weight will have 
to be lifted by the float and as a result 
the water will be raised; in like 
manner running the nuts up on the rods 
will lower the water level. 


level 


THE SPEED CONTROLLER 


The speed controller shown at R in F 


¢. 


Ex. Heavy Pipe 


























Longitudinal Section of Valve 
in Central Position 


FIG. 


ber in Fig. 228 and those commonly used 
for similar purposes is that it is provided 
with a check-valve to prevent the air 
from getting into the pipes. If the lower 
end of the chamber were not closed by 
the valve D the air could expand enough 
to force all the water and a part of the 
air out of the chamber and into the pipe 
line connecting with A, B, if for any 
reason there should be a momentary drop 
in pressure of, say, 25 or 30 per cent.; 
and although this is not very likely to 

cur, it can happen, and would cause 
trouble, as the air would eventually get 
into the lifting cylinders and cause the 
car to bounce when stopped at the floors. 

he valve D is carried on the lower end 
ot a float C so that when the water rises 


Cross Section of Valve 
in Central Position — Wide Open 


226 


204 is constructed as indicated in Fig. 220, 
which shows a side elevation and a sec- 
tion at right angles to this elevation. The 
external the 
Looking at 
Fig. 229, it will be seen that the spring 
K acts through the levers G,G to press 
the ends of 


shown in 
photographic view, Fig. 230. 


appearance is 


valve-stem 
pivoted on the 
heads of the valve casing so that their 
tendency is to keep the valve B in the 
The governor 
nected in the pipe between the main valve 
and the lifting cylinder, and the water in 
entering or passing out of the cylinder 
flows through its valve chamber, from the 
side C to the side D or in 
direction. The water 


against the 


These levers G,G are 


central position. is con 


the reverse 
flowing 


through 
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must pass through the openings E,£ in 
the valve B before it can reach the outlet, 
no matter in which direction it passes 
through. When water passes through 
contracted openings it suffers a consider- 












able loss of pressure so that if it has a 
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pressure of, 100 pounds when it 
reaches the lower side of the valve B, 
coming in through the port C, it may not 
have more than 95 pounds pressure after 
passing through the openings E, E. 


As the pressure on the forward side 


Say, 
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of the valve B is five pounds more than 
on the leaving side, there will be this 
pressure available to move the valve away 
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from the central position against the ten- 
sion of the spring K. This pressure will 
remain constant even if the pressure of 
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the water that passes through the valve 
varies widely, because the loss of pres- 
sure sustained by the water in passing 
through the contracted openings E,E de- 
pends entirely upon the velocity of flow 
and is not changed by changes in the 
pressure of the water. This being the 
case, the extent to which the valve B is 
carried beyond the central position by the 
difference in the water pressures on its 
two sides will depend upon the velocity 
of the stream flowing through the open- 
ings E,E, or upon the quantity of water 
that passes through in a unit of time. 
The water that passes through the 
openings E,E gets into and passes out of 
the yalve cylinder through a large num- 
ber of holes that are drilled on spiral 
lines, and are in such a position that 
when the valve B moves slightly away 
from the central position it begins to 
cover these holes, and the farther it 
moves, the more holes it covers. Conse- 
quently, its movement away from the cen- 
tral position closes more and more of the 
openings through which the water passes 
out of the valve cylinder, and thereby 
reduces the quantity of water that flows 
through; and as the car speed depends 
upon the rapidity with which the water 
passes in or out of the lifting cylinder, 
the velocity cannot vary much from the 
standard for which the governor is ad- 
justed. 
‘If the car is lightly loaded and starts 


_to run fast, the increased velocity of the 


water through the openings E,E will de- 
velop a greater difference in pressure be- 
tween the two sides of the valve, and as a 
consequence the valve B will be carried 
farther away from the central position 
and will close up more outlet holes in the 
cylinder, reducing the quantity of water 
passing through it and thereby preventing 
the car speed from increasing. This con- 
troller cannot maintain a perfectly con- 
stant speed, because it cannot act unless 
the velocity of the water changes to some 
extent just as an engine governor cannot 
act unless the speed changes slightly, but 
it can be proportioned so as to keep the 
speed very nearly constant. In practice 
the maximum speed variation is not 
usually more than 5 per cent. 

As is well known, if when water is 
flowing through a long pipe at a high 
velocity its motion is suddenly stopped, 
the tendency of the stream is to keep on 
moving, and if there is no space into 
which it can move, a violent water-ram 
effect is produced. In high-pressure 
elevator systems this water ram effect is 
much greater than in low-pressure sys- 
tems, owing to the fact that the water 
flows through the pipes at a higher velo- 
city. The loss of pressure by the flow of 
water through pipes depends upon the 
velocity, and as in low-pressure systems 
the pipe loss must be kept much lower 
than in high-pressure systems, the velo- 
city of flow through the pipes must be 
much lower. Suppose the system oper- 
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ates with a pressure of 100 pounds, and 
that the water flowing through the pipes 
at a certain velocity loses 10 pounds 




















FIG. 229 


pressure by the time it reaches the cylin- 
der; then if there is another system oper- 
ating with a pressure of 750 pounds, a 
loss of 75 pounds in pipe friction can be 
allowed without giving any lower effici- 
ency. In practice this is not done; the 
efficiency of the high-pressure systems is 
made greater, but the actual amount of 
loss in the pipes is several times as great, 
this increase being due principally to in- 
creasing the velocity of the water through 
the pipes. It is on this account that while 
in low-pressure systems the water ham- 
mer effect is not serious, in high-pressure 
systems it is sufficient to require the use 
of devices to subdue it if the pipes are 
unusually long. Such a device is shown 
in Fig. 231 and is simply what may be 
called a mechanical air chamber. If an 
ordinary air chamber were placed at the 
end of a long pipe line it would eliminate 
the water-ram effect, as the water would 
rush into it and compress the air, but if 
the air worked out, as it most likely 
would in a short time, the chamber would 

















FIG. 230 


be useless until filled with air again. To 
arrange such an air chamber so as to re- 
plenish the air whenever necessary would 
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involve considerable additional 


piping, 
which in addition to the expense would 
be objectionable as it would afford an- 
other way in which air could get into the 


lifting cylinder. When the device shown 
in Fig. 231 is connected to the end of a 
long pipe, the stream of water rushing 
into it when the flow through the regular 
channel is suddenly closed causes the 
plunger E to move up out of the cylin- 
der and compress the springs D, and the 
stronger ones above them if necessary. 
Thus the force of the water ram is ex- 
pended in compressing springs instead of 
air, and when the velocity of the water is 
exhausted the springs force the plunger 











FIG. 231 


E back into the cylinder, ready to re 
ceive the next blow struck by the water. 





Exposition of Safety Devices 


The opening exercises of an exposi 
tion of safety devices and _ industrial 
hygiene were held Saturday, April 11, in 
the McGraw building, 239 West 30th 
street, New York, preliminary to a pri 
vat« the 
thrown open to the public on Monday, 


view of exposition. It was 
April 13, and will continue for six weeks 

Dr. W. H. Tolman, the director, spoke 
on the scope of the exposition, and Wal 
ter C. Kerr, of Westinghouse, Church, 


Kerr & Co., spoke of the achievements 





ani aims of “The Modern Engineer.” 
Prof. F. R. Hutton, Prof. Charles G. 
Lucke, of Columbia University, and Dr. 
Josiah Strong, president of the American 
Institute of Social Service, made ad 
dre ses, also. 

The coal output of Canada for 1907 
Was 10,510,961 short tons. 
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Proportions of Connecting-rod and 
Bearing Caps 


By CuHarves H. F. Luscke 

The purpose of this article is to show 
the application of the bending formula 
to bearing caps. Let us consider a con 
necting-rod cap such as shown in Figs 
I and 2. A cap is subject to bending 
stresses the same as a beam supported at 
the cap-bolts. The load is not uniformly 
distributed over the entire length between 
the bolt centers, neither is it concen 
trated at the center, for the crank-pin 
bears at least two-thirds of the distance 
between the bolts 

The bending moment of a beam sup 
ported at both ends, and loaded uniformly, 
would be 














FIG. I 
and a beam similarly supported and 
loaded centrally would have a_ bending 
moment 

Ps 
B U= 


As the bending moment in a connect- 
ing-rod cap lies between these two, the 
bending moment could be correctly as 
sumed to be 


Pi 
BM= ? 


In these formulas P equals the total load, 
and / equals the length between the bolt 
centers, given as C, in Fig. 1 

Consider, for example, a low-pressure 
cylinder 50 and 36 
inches stroke; revolutions per minute, 100; 


inches in diameter 
the steam pressure in the low-pressure 
receiver I7 pounds, and the vacuum 27 
The forces 
acting on the cap are the pressure on the 
piston and the centrifugal force resulting 
from the mass of the cap revolving ap 
proximately in a vertical 
engine the strain comes on the cap dur 


inches or, say, 13% pounds. 


circle In a 
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ing the up-stroke, and in a_ horizontal 
engine during the in-stroke. 

There are 13% pounds on the 50-inch 
area of the piston, or 26,500 pounds, and 
17 pounds steam pressure on the other 
side of the piston. The area of a 50-inch 
cylinder equals 1963 square inches, and 
deducting the area of a 5-inch piston-rod, 
19.6 square inches, 1943.4 square 
inches. This multiplied by 17 equals 33,038 
pounds, and adding the two pressures 
gives 59,538 pounds. This pressure is in- 
creased by the obliquity of the connecting- 
rod, when forming a right angle with the 
crank, to the extent of 


gives 


P=P, v * -+- 1 


n 
where P = Actual pressure on the crank- 
pin, 
P,—= Steam pressure as above de- 
termined, 


n = Ratio of connecting-rod length 
to the crank fength 





FIG. 2 


this 


Let 
case be five crank lengths; that is, hav- 
Then 


the connecting-rod length in 


ing 7-foot 6-inch centers. 


2 
P= §9 538 & Let! = 6 »,729 pounds, 


Assume the proportions of the crank- 
pin to have been already fixed as 9 inches 
in diameter and 12 length. 
Taking the weight of a cap for such a pin 
to be about 250 pounds, and the radius of 
rotation at, say, 7 inches from the center 
of the crank-pin, or 18-+-7= 25 inches 
from the shaft, and sub- 
stitute these values in the following cen- 


inches in 


center of the 


trifugal-force formula 


where W = Weight in pounds, 

v — Velocity of a revolving body, 
in feet per second, 

g = 322, 

r = Radius of the circle in which 
the body revolves, in feet. 








650 


We then have 














250 (42° “2.84 300)" _ 
foa— > x )= 
32.2 X 2.08 60 
1770 pounds, nearly. 
This force is a distributed load over 





the beam, and in order to be able to add 
this force to the piston pressure previously 
found we must multiply it by 0.75 in 
consequence of the different bending mo- 

: Pa Pi : 
ments, viz, 6 and 8 ,as previously 
We, therefore, have 











explained. 





1770 K 0.75 = 1327 pounds. 





Adding this to the load, 609,729, gives 
62,056, or, say, 62,000 pounds for which 






the cap is to be designed. 







DETERMINING CENTERS OF CAP-BOLTS 





To find the centers.of the cap-bolts: The 
bolts may be 234 inches diameter at K 
Bolts so 







and 21% inches at N, Fig. .1. 


turned down have more elasticity, on ac 





count of the smaller section and _ are, 


therefore, not as apt to break when un 






due bending occurs in the cap. 

Half of the diameter of the crank-pin 
equals 4% inches, the distance between 
the edge of the bolt and the crank-pin 
equals 13g inches, and one-half the diam- 
eter of the bolt equals 13g inches. This 
gives the distance from the center of the 
crank-pin to center of the bolt as 7% 
inches, and twice this is 14% inches be- 
tween bolt centers. The bending moment 
of the cap may be determined as follows: 
















FI 62,000 « 144 
ee ’ Bee 82 
BM= = = 149,833 







or, Say, 150,000 inch-pounds. This must 


equal the moment of resistance, which is 







f, 





c 





where / = Moment of inertia of the sec- 
tion, 

c = Distance of the most remote 

fiber from the axis of the 








section around which bend- 






ing occurs, 

f= Stress which the material of 
the cap has to stand to bal- 
ance the bending moment. 









Instead of 






is given in most textbooks on engineer- 
ing, and in the case of the connecting- 
rod cap this is: 









A fp? 
; 








the section modulus of a rectangular sec 





tion, in which b=the breadth of see 
tion, at right angles to the plane in which 
bending occurs, and /i1=the depth of the 
section. See Fig. 2. From this the re- 
sisting moment is simply 









b he? 
P a = - a Sf £ 
RM 6 FF. 








the section modulus Z. 
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which must equal the bending moment of 
150,000 inch-pounds. 

Taking the section of the beam as b =9 
inches, and limiting the stress f to 8000 
pounds, which involves a good factor of 
safety, we may transpose the formula so 
as to find h. The original bending for- 
mula is 


fil bh? 
6 > i 
Pi . 
in 
rt o 
of 
and 
Pl 


jj 
, \ oF 
- i= Py 
Substituting the above values we have 


: 150,000 < 6 
A= : 
9 


inches, or we will make it 35¢ inches. 


2 


8000 


ALLOWABLE STRESS 
The allowable stress / may be taken at 
6900 pounds for small engines to 10,009 
pounds for large engines, when the ma 
terial used in the cap is cast steel. If 
brass or cast iron is used, however, the 
stress may be taken at 2000 to 4000 
pounds. If there are any oil holes, or 
other cavities in the cap, care should be 


taken to deduct them from b, and only 


insert the actual sections of the metal in 
the formula. The small projecting hubs, 
or faces, as shown on each side of B, Fig. 
2, are usually not considered, for the sec- 
tion is small, and the error in any case 
will be on the safe side. 

The caps, or binders of the main crank- 
shait bearings are treated in the same 
manner as the connecting-rod cap, re- 
garding the moment of resistance; the 
moment is more simple, how- 
ever, being only the pressure which the 
cap has to resist, times the distance he- 


bending 


tween the bolt centers. 

It is more economical in the use of 
metal, and better for the design, if the 
radius FR, Vig. 1, is not taken from the 
center of the crank-pin, but from a dis- 
tance equal te ]° away from the center. 
This gives more clearance, or less to be 
cut away for the corners of the nuts, and 
the bolts may be brought closer together. 
The distance |’ 
diameter of the crank-pin. 





Theory 


tice, but oftener the 


ered that heat was 


into foot-pounds.—WIrz. 





may be 0.15 D, J) being the 


has sometimes preceded prac- 
practitioners pro- 
posed the problems which the theoricians 
solved. The steam engines had functioned 
a long time before Sadi Carnot discov- 
converted by this 
motor into work; and yet he failed to 
attain the complete explanation given by 
Seguin and Meyer of the exact methods 
by which units of heat are transformed 
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Minor Details in an Absorption 
Plant 


By WiLi1AmM S. LUCKENBACH 


After the adjuncts of an absorption 
plant have been installed, the engineer will 
have ample time to investigate and take 
advantage of the various details that, in 
the aggregate lessen the cost of the out- 
put to a considerable extent. Among 
those of special importance is the regula- 
tion of the various temperatures. First 
to be considered is the generator; this 
should be well lagged with non-conduct- 
ing material, as by this means the gas 
can be liberated at a lower steam pressure, 
thus reducing the heat units to be ex- 
tracted and requiring less cooling water 
19 lower the temperature to its normal 
standard, viz., not more than three degrees 
above the temperature of the cooling wa- 
ver. 

Again, it prevents the generator becom- 
ing an immense radiator, imparting heat 
to parts that do not require it, notably the 
absorber, the ammonia-pump and the air 
pump. <A hot engine room is especially 
detrimental to the economical operation 
of the absorber, as it means an excessive 
amount of cooling water in order to in- 
sure the absorption of the gas from the 
expansion coils by the poor liquor, which, 
in its turn should be as near the tempera- 
ture of the cooling water as possible, the 
cooler the absorbing liquor the more gas 
absorbed. 

Excessive heat in the engine room als¢ 
may cause the ammonia-pump to become 
gas-bound, and the air-pump or compres- 
sor will require additional cooling water 
The importance of installing thermome- 
ters at the various places needed can 
scarcely be overestimated. By simply 
glancing at the thermometers, the engineer 
will never be at a loss as to the cause 
and remedy of any condition of affairs; 
if, for instance, the cooling water for the 
condensing coils increases five degrees, 
he knows precisely the method to pursue 
in tracing the reason for the increase and 


governs himself accordingly. 


CONDENSING AND COOLING COILS 


The condensing and cooling coils should 


be protected from the sun’s rays, whethet 


they are the double-tube type or the stand 


ard externally-cooled atmospheric coils, 
because it will deflect the diréct heat of 
the sun and create a current of air, both 
tending to lessen the quantity of cooling 
water required in order to obtain the nor- 


nial temperature, which means less speed 


and wear on the water pump. and als 
a saving in steam. But whether the + 
dinary atmospheric or the double-tu 
style of condenser is used, it should 
so arranged that the liquid leaves 
coils where it comes in contact with 
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° 
coolest water, in order to obtain the max- 
imum benefit. 

The double-tube type, when protected 
from the sun and exposed to currents of 
air, has a number of advantages over the 
atmospheric type that deserve careful at- 
iention. First, there is freedom from the 
splashing which occurs in all atmospheric 
condensers; second, owing to the cooling 
water flowing through a pipe, all of it 
comes in contact with the condensing sur- 
available heat-unit is 
abstracted from the liquid; while with the 


face, hence every 


atmospheric type, it is almost impossible 


to get an even distribution of the cool- 


ng water; in fact, much of it is entirely 
Third, the 


cooling water flowing in a closed circuit, 


lost by splashing. owing to 
the condenser can be located at any avail- 
ble point, the draft 
be established; because 
the overflow can be piped to the steam 


providing above 


mentioned can 
mdenser or elsewhere. 
[his feature alone may be of consid- 
crable importance compared with the or- 
linary atmospheric condenser, which is 


located on the roof, and 


hight 


most cases 


the difference in would probably 


Teet. 


e 25 or 30 Allowing, say, one 
alf for friction in the condenser pipes, 
there would still be decrease in pres 
ire at the water pump of about 8 


sounds at that hight, which again means 
When the extra 
imount of cooling water required for the 


less power required. 
atmospheric coils is taken into considera- 
tion, the decrease in expense along that 
line scarcely admits of argument, not to 
mention the cleanliness of the coils and 
surroundings. 

The interior pipes should in no case be 
less than 114 inches; 114 is better for 
sizes Over 20 tons, because they are easier 
to clean, develop less friction, and are 
stronger, being lap-welded; while 114-inch 
pipe is butt-welded. Besides, 1'4-inch 
pipe requires fittings, and conse- 
quently foot of 


facilitate 


fewer 
fewer joints per squar 
surface. In order to 
the operation of cleaning, the 
pipes of the condenser should be so con- 
structed as to be easily 


cooling 
interior 
accessible with- 
out disturbing any of the 
the cooling 
much foreign matter, the standard atmo- 
spheric coils are preferable, because of 


ammonia joints. 


water contains 


In case 


the extra and frequent cleaning that the 
double type 
to obtain maximum efficiency. 


tube would require in or- 


FREEZING TANK 


he freezing tank is frequently erect- 


€d adjoining the engine room. In such 
cases special care should be taken that the 
heat dees net pass over the bath; also 
have all the lids fit nicely. One fre- 
quently notes the importance engineers 
attach to the temperature of the bath 


having inereased one or two points, while 


at the same time they are indifferent to 
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the fact that the temperature on top of 
the bath is five or more degrees higher 
The writer 
has personal knowledge of just such in- 


than the general atmosphere. 


difference, and good-sized machines at 
that, where the vapor from the condens- 
ing and codling coils passes directly over 
the bath when the wind is from a certain 
quarter. The disadvantage of such a state 


of affairs is obvious. 


LEAKS IN STORAGE Room 


lhe ice-storage room is a place where 
insidious leaks may occur through care 
less handling of the outer and ante-room 
doors, so that it is very desirable to have 
look 


a careful and conscientious man to 


after this department. 
PACKING 


Packing is quite an item in an ice plant, 
and is well worthy the careful attention 
of the engineer. It can be taken as 
an axiom that there is no place in an 
sheet or rod 


true that 


ice plant where inferior 
packing should be used. It is 
occasionally an excellent rod packing, for 
instance, is condemned because the engi- 


neer failed to use the proper size, it was 


not cut to the proper length, or the rod 
was out of line. Any one of the above 
causes will unjustly detract from the 


real value of the packing. In packing a 
rod, first have the rod true and straight, 
heve the packing fit snugly between the 
stuffing-box, cut it the 
length, and you will have a lasting job 


rod and exact 
It should be remembered that the cost of 


one blow-out on an ammonia line may 
easily exceed the packing expense for the 
entire the matter of 
sheet packing, the first thing to do is to 
material, then carefully fit 


and tighten it properly and it will do 


season; hence in 


select good 
good work throughout the season. 

Some ammonia pumps 
stuffing-boxes, which are claimed by some 
The 


have double 
to be superior to the single ones. 
writer, some years ago, was of the same 
opinion and built a number with double 
until an experienced 1c 
engineer propounded the following ques- 
tions which he failed to answer satisfac- 
torily: “If the 
tight, what benefit is the outer one ex 
cept to add extra friction on the rod?” 
and, “If the inner stuffing-box is not tight, 
then what benefit is it except to add addi- 
tional friction?” He then discarded the 
outer stuffing-box and used that chamber 
for lubricating the piston-rod. 


stuffing-boxes, 


inner stuffing-box is 


Air Pump 


If the plant has an air-lift for the ice 
cans, and the air compressor is used only 
for that purpose, there will be consider 
able saving in steam, wear and tear, if 
the compressor is only run while pulling 
ice, frequently requires only 40 
minutes, and rarely exceeds 45 minutes 


which 


OSI 


Hence the saving would be not less than 


15 minutes per hour, and for 24 hours, 


or for one month of 30 days we have the 
following operation: 


15 X 24 X 30 
60 X 24 


I 
~I 
in 


days of 24 hours each saved in steam per 
month. This saving can be accomplished 
without any additional labor on the tank 
littl 


and 


man, very extra trouble to— the 


engineer, would practically result 
in a reduction of not less than 20 per cent. 


in steam alone. 


DISTILLED-WATER TANK 


The vapor-pipe on the distilled-water 


tank will bear looking after by the en- 


when daily routine 
that 


from the 


gineer making his 


of inspection. It is essential there 


be a continual escape of steam 


vapor-pipe, in order to expel the air from 


the distilled water, but an excessive 
amount issuing from the vapor-pipe un 
der more or less pressure is a direct loss 
of fuel 
GENERAL SUGGESTIONS 
If the auxiliaries are steam-driven, see 
that the steam-supply pipes are at least 


as large as the builders of the pump or 
to avoid 
necds 
back 


through piping several exhausts 


engine designed them, in order 


wire-drawing lhe exhaust also 


looking after to avoid excessive 


pressure, 


into one main exhaust line, which is in 


adequate in size. The writer has person- 


al knowledge of where two 3-inch ex 
hausts from duplex pumps were connect- 
ed into one 3-inch main exhaust pipe, 
and then the pumps were condemned be- 
cause the steam required was excessive. 


The remedy for such a state of affairs 
was plain 

Have a permanent and easily accessible 
place for every tool in the plant that may 
be needed in case of an emergency and 
no matter under what conditions any of 
them are used, they should be returned 
without delay to their proper. place, in 
order that they may be instantly avail- 
able. 

All packing, and especially rod pack 
dust, to 


ing, should be protected from 


save the rod from getting scored. Have 
the steam and water valves tight; leaky 
steam valves and stems are not only a 


loss but a nuisance. A leaky water valve 


or two may not appear to amount to 
much, but if this water is passing through 
a meter it would be a surprise at the end 
of the month to find the amount of wa 
ter actually wasted. 

The general 
should bx 


employees but for the employer, and visi 


plant 
the 


appearance of thie 


made inviting, not only for 


tor who may occasionally be invited to 


make a tour of inspection; when a careful 


and conscientious engineer will have the 
satisfaction of knowing that his charge 


has made a favorable impression 
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in Air Compression 


A General Discussion of Features which Are of Importance, such 
as Inadequate Efficiency and Lack of Isothermal Compression 





BY PROF. 


The problem in air compression is 
essentially a problem of energy storage. 
When air is compressed the work re- 
quired to produce the compression be- 
comes apparent to a large extent in the 
production of heat which is either re- 
moved for more efficient compression, or 
will ultimately radiate out in the sur- 
rounding space from the compressed-air 
reservoir, until the temperature of the 
compressed air is the same as that of sur- 
rounding bodies. Thus a large propor- 
tion of the energy put into compressed 
air is apparently transformed into heat 
and lost by radiation in the surrounding 
space. This is at once apparent if the 
compressed air is allowed to expand and 
do work without thermal contact with 
surrounding bodies. Under these circum- 
stances the expansion is adiabatic, and 
while it will continue theoretically until 
the pressure is identical to that of the 
external atmosphere, owing to the fall in 
temperature which results during this 
adiabatic expansion through the transfor- 
mation of the energy of the air into work, 
the percentage available by this means in 
comparison to the total energy put into 
the material is very small. 

Thus, compressed air is in reality a 
transformer of energy. It takes the 
energy, transforms it into heat energy and 
radiates that out into surrounding space. 
For all practical purposes this energy is 
no longer in the air and becomes abso- 
lutely unavailable, except through the 
agency by which it was transformed. An 
analogous condition holds in electric- 
storage batteries and the energy exchan- 
gers are very similar; the stored energy 
becomes only available to any great ex- 
tent through the agency which produces 
the transformation. 


EFFICIENCY INADEQUATE 

The efficiency with which air compres- 
sion is accomplished is extremely inade- 
quate considering the present status of 
mechanical engineering, and the possible 
improvement which the material possesses 
in its various applications. This small 
efficiency, which seldom rises above 60 
per cent., even according to theory, and 
which often falls considerably below in 
actual practice, is due entirely to the act 
of compression in itself. The compres- 
sion of air can be looked upon as the re- 
verse process in almost every particular 
to the expansion of steam, with the con- 
sequent production of work. The same 
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factors in both cases either tend to dimin- 
ish the efficiency or increase it, depending 
upon the direction of the operation and 
any absolute heat analogue holds in the 
two processes. Thus, the object in the 
production of work from heat is the utili- 
zation of the expansion down to the last 
available ounce of pressure. In general 
this latter fraction of work is obtained at 
diminished efficiency in comparison to the 
whole process. In the same way com- 
pression is limited in a general way in its 
initial pressure to that of the atmosphere 
and the first operation of the compressor 
is inefficient on this account. 

High initial pressure in the steam com- 
pression in the steam engine and higher 
final pressure in the air compression, pro- 
vided only that it is isothermal, always 
tend to increase in efficiency. Low final 
temperature in the compression and high 
initial temperature in the steam expan- 
sion tend to increase efficiency for the 
same reason. The presence of impurities 
in both cases have a similar effect in 
diminishing the efficiency of the process. 
Steam expands best when superheated 
and the condensed vapor can be regarded 
as an impurity with detrimental effect on 
the whole process. The presence of water 
vapor in air occupies a somewhat analo- 
gous position to that in steam, and the 
efficiency is diminished in both cases for 
similar or analogous reasons. This cov- 
ers almost the entire difficulty present in 
air compression. 


‘ 


Lack oF ISOTHERMAL COMPRESSION 


The lack of isothermal compression, the 
presence of water vapor and the low ini- 
tial pressure and the high initial tempera- 
ture of compression are responsible in a 
general way for the small efficiency of the 
process. Again, the nature of the air is 
such, in comparison to steam, that leaks 
are more pronounced and in general the 
mechanism must be more perfect and the 
packing more secure on this account. All 
these factors tend to diminish final effi- 
ciency, and undoubtedly for the modern air 
compressor of the reciprocating type 
to attain anything above 60 per cent. effi- 
ciency in actual operation is a consider- 
able achievement. 

Now, it has been customary in modern 
development to regard the isothermal 
compression as more or less possible by 
means of double or three-stage compres- 
sors, with fore-coolers, inter-coolers and 
after-coolers. But in a general way the 
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initial pressure and temperature of the air 
is not considered subject to much pos- 
sible change, and the presence of water 
vapor has been generally neglected ex- 
cept to the extent that these coolers oper- 
ate in its removal. That great possibili- 
ties exist in the line of further increase 
of efficiency by developments along these 
lines is a foregone conclusion and in act- 
ual practice satisfactory results have been 
attained, although these latter are not 
generally known. 

Thus, the utilization of mechanical re- 
frigeration in the preparation of the air 
can be applied with remarkable efficiency 
in such a plant and the limit of its appli- 
cability is as yet scarcely realized. Me- 
chanical refrigeration operates in a num- 
ber of ways toward increased efficiency. 
By cooling off the air it gradually be- 
comes saturated at the lower temperature 
and condensation of the moisture pres- 
ent occurs, thus diminishing the total 
water content of the air very greatly. 
Again, at a lower initial temperature with- 
out diminution in pressure there results 
a large increase in the density of the ma- 
terial which becomes at once apparent in 
increased capacity and increased efficiency 
of the compressor. Again, the low initial 
temperature permits compression to be 
more rapid with corresponding increased 
capacity without undue heating by adia- 
batic compression. This application of 
mechanical refrigeration represents one 
distinct phase of air compression not in 
general used today, and yet the increase 
in efficiency which results from its use is 
much greater than that possible under any 
circumstances by the use of innumerable 
coolers at different of the 


pression. 


stages com 


MECHANICAL REFRIGERATION IN IRON- 
FURNACE OPERATION 


To illustrate this application of me 
chanical refrigeration, the development in 
iron-furnace operation will be considered 
The Isabella of the Carnegie 
Steel Company, at Etna, Penn., has in 
stalled a refrigeration plant of 450 tons 
refrigerating capacity, for the removal of 
the moisture from the blast in iron-fur 
operation. The refrigerating 
chine is of the compression type and con 
sists of two compressors, steam-driven. 
of 225 tons capacity each. They are used 
to cool the air and remove the moistu! 
before entrance into the blowers. Th 
moisture in the air has a range from 2.7 


furnace 


nace ma 
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grains per cubic foot in February to 7.3 
grains per cubic foot in June, and the air 
consumption is about 40,000 cubic feet 
of air per minute, which would mean a 
water capacity of 40 gallons per hour for 
each grain of moisture content in a cubic 
foot in the blast. 

The result of this installation has been 
remarkable. The production of the fur- 
nace has increased from 358 tons of iron 
with 2147 pounds of coke consumption 
per ton of output, to 453 tons of iron with 
a coke consumption of 1729 pounds per 
ton of output. Less air was required ap- 
parently to pass through the blowers and 
they were slowed down from 114 to 96 
revolutions per minute, reducing the air 
handled from 40,000 to 34,000 cubic feet 
per minute; and the indicated horse- 
power of the blowers was reduced from 
2700 to 2013, thus showing a saving of 
687 horse-power in the operation of the 
blowing engines. 

The 28 degrees 
Fahrenheit from an average of approxi- 
mately 80 degrees Fahrenheit, and the re- 
sulting air contained alittle more than 
1% grains of moisture to the cubic foot. 
Both compressors were not operated un- 
less the hydrometric state of the atmos- 
phere warranted their use, and the total 
horse-power required for the operation 
of both machines was approximately 530. 
Thus, even with the operation of the re 
frigerating machine included at its maxi- 
mum, the total horse-power required for 
the air’ compression was cut down nearly 
10 per cent. The air compression itself 
was slight and in extreme compression 
the results would increased _ effici- 
ency to a very marked extent. 

The apparent reduction of the air han- 
dled from 40,009 to 34,000 cubic feet per 
minute is the interesting figure in this de- 
velopment, especially in regard to the ap 
plication for air compression directly. The 
total air consumption was approximately 
the same, namely, 11,700 pounds of air per 
ton of iron produced, but as more iron 
was produced the actual saving in the 
compression of the air was much greater 
than shown. The apparent diminished 
volume of the compressed air required 
was in reality due to the lowering of the 
temperature and the resulting increased 
density of the supply at the constant 
atmospheric pressure, with the further 
elimination of the water vapor present 
and the occupation of the space with fur- 
ther air. Undoubtedly the refrigerating 
machine installed for the preparation of 
the air for compression through resulting 
increased density and lower initial tem- 
perature and moisture removal would re- 
sult in a very greatly increased efficiency 
of the plant as a whole. 


air was cooled to 


show 


Again, mechanical refrigeration adapts 
itself to this development with peculiar 
ingenuity and the installation as shown 
does not in any sense represent maximum 
possibilities either in the efficiency of the 
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process or in the efficiency of the com- 
ponent parts of the development. 


AMMONIA COMPRESSION AND 
ABSORPTION PROCESSES 


AMMONIA 


Thus, mechanical refrigeration is ac- 
complished efficiently by two different 
processes known respectively as the am- 
monia compression system and the am- 
monia absorption type. The ammonia 
compression system utilizes a compressor 
in all respects similar to that of an ordi- 
nary air compressor for the regeneration 
of the fluid which produces the refrigera- 
tion. An absorption system, on the other 
hand, utilizes the absorptive power of 
water for ammonia gas and the loss of 
this power with rise in temperature to 
produce the same results. An ammonia 
absorption system can operate on exhaust 
steam and requires practically no mov- 
ing parts, save a small slow-speed am- 
monia pump, and this is not at all neces- 
sary if the pulsometer principle is used to 
get the flow. The compression system 
operates at diminished efficiency in the 
production of low temperature, owing to 
the diminution in the suction pressure in 
the compressor when the boiling point of 
the liquid ammonia is lowered by this 
means to produce extreme refrigeration. 
The absorption system can operate at 
almost any suction or back pressure. 
Refrigerating plants operating on the ab- 
sorption system can invariably carry their 
brine 15 to 20 degrees below that of a 
corresponding compression plant. 

Hence, the absorption system of refrig- 
eration can operate by exhaust steam ob 
tainable from the exhaust of the steam 
engine operating the air compressor type 


“and can produce very cold temperatures 


in the refrigerating end of the plant, 4o 
degrees below zero being a not impossible 
temperature and one attained when the 
suction pressure is simply that of the 
ordinary atmosphere. This utilization of 
exhaust steam from compressors to oper- 
ate absorption plants is quite common and 
a large number of systems have been re- 
cently transformed into the absorption 
type, the ammonia compressor being 
transformed into an air compressor and 
the compressor air is then used to pump 
the water supply, and the exhaust steam 
to operate an absorption 
system. 


refrigerating 
With this modification an ordi- 
nary compression refrigerating plant can 
increase its capacity from 50 to 60 per 
cent.,, owing to the increased efficiency of 
the absorption system and to the fact that 
about 35 per cent. of the steam consump- 
tion was formerly used for auxiliary 
units. 

The development of the refrigerating 
system for the cooling of the air before 
compression in the air compressor is but 
a modification of this system, and the re- 
markable efficiency obtained in the in- 
stallations as shown is but preliminary 
to that possible in a plant installed with 
this special object in view. 


Another point 
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of possible importance consists in the de- 
velopment of new forms of air compres- 
sor. The reciprocating air compressor in 
itself is a very inefficient device owing to 
the large friction and the difficult 
packing. The other difficulties inherent 
in this type are fundamental to air com- 
pression in common and are not incident 
to this particular machine. 


loss 


RATEAU TayLor AIR COMPRESSORS 

The Rateau air compressor has 
an efficiency which compares more than 
favorably with the modern reciprocating 
type. Pressures as high as 80 to 100 
pounds have been attained with moderate 
speed and a capacity of several cubic 
meters per second, but the efficiency of 
this device is seldom, if ever, more than 
10 per cent. greater than a correspond- 
ing reciprocating compressor. When the 
necessity of operating a steam turbine, 
with a high necessary vacuum in the con- 
denser, is considered it is an open ques- 
tion whether this type of air compression 
will supersede to any great extent the 
reciprocating plant. Its chief advantage 
lies in the fact of its range in output and 
its operation at diminished output with 
increased efficiency. 

The Taylor hydraulic air compressor 
utilizing the flow of water to compress 
small air bubbles, is fairly efficient and 
requires no attention whatever. It re- 
quires water power, however, as a neces- 
sity, and while it has attained the effici- 
ency of fully 70 per cent. in quite a num- 
ber of operating units scattered through- 
out this country, its initial cost is from 
three to four times that of a correspond- 
ing reciprocating plant, and there is no 
doubt that this large prime cost will de- 
tract from its general use even without 
the limitation in regard to power. 

Pressure blowers are limited, of course, 
in their efficiency by the varying nature of 
their design and have further limitations. 
in regard to speed and capacity. Fifty 
pounds can be considered roughly as the 
maximum available pressure obtained 
with any degree of efficiency by this type 
of machine, and the mechanism is of such 
construction that the friction is a large 
factor and the efficiency low. Undoubt- 
edly some improved type of compressor 
utilizing centrifugal force directly for the 
air compression isothermally will be ulti- 
mately forthcoming and will satisfy a dis- 
tinct need. 


AND 


new 


peal 
RE-HEATERS AND STEAM INJECTORS 
Now, at the working end of the air 
compressor re-heaters and steam injec- 
tors are not used to anywhere near the 
extent that their efficiency would seem to 
warrant. The application of mechanical 
refrigeration for air compression would 
increase the efficiency of this development 
as well. Dry air carried over into the re- 
heater and supplied with steam at this 
point would take up a much larger quan- 
tity of steam and would permit its utiliza- 
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tion more efficiently than would the ordi- 
nary material available at this point. It 
must be borne in mind, further, that in 
the illustration cited, every degree that 
the air was cooled required the further 
consumption of heat in order to reheat 
this material in the blast furnace. Thus 
further refrigeration tended merely to di- 
minish the efficiency due to this factor, 
and it is a remarkable existing state of 
affairs that will permit these two factors 
to operate against each other with the 
resultant increase in efficiency that was 
shown in the installation. This covers ap- 
proximately all possible improvements, at 
least those of the immediate future, in 
air compression. 

Undoubtedly the various types of blow- 
er will be installed more generally, as 
feeders to reciprocating compressors for 
high compression, with increased effici- 
ency of the entire plant. Possibly the tur- 
bine compressor will achieve a distinct 
place, but the utilization of exhaust steam 
with a fair degree of efficiency in the 
operation of the turbine precludes its pos- 
sible utilization in refrigeration. Hence, 
the development of the refrigerating phase 
of the industry is in direct opposition to 
that of the turbine feature. Efficient 
centrifugal compressors will undoubtedly 
come to satisfy a distinct need, but the 
entire industry is in a position today 
which presents enormous possibilities for 
increases in efficiency which have not as 
yet become generally utilized. 





Effect of Speed Variation on Fly- 
wheel Spokes 


By EF. WaGNEk 

Herewith is shown a way to demonstrate 
the bending strain on fly-wheel spokes, 
caused by acceleration and retardation. It 
will be shown also, that no fly-wheel is 
strong enough to stand the shock of a 
sudden stop, as caused for instance by 
an excessive amount of water in the cyl- 
inder. 

The surplus energy to be stored up dur- 
ing one revolution in the rim of the fly- 
wheel may be expressed as the difference 
between the energy corresponding to the 
maximum and minimum rim speed, ac- 
cording to the formula: 

ion, ie V’ mar. — V min, , 
2 
where M is the mass of the fly-wheel 
rim or weight of rim in pounds divided 
by the acceleration of gravity and Vmax 
and V min, are the maximum and 
mum rim speeds in feet per second. 

The weight of a fly-wheel is determined 
by allowing a certain change in the num- 
ber of revolutions per minute, or assum- 
ing a certain value for the so-called ratio 
.of unsteadiness 5, where 

V waz ese V satin 
V scan i 
This value changes according to the 


min- 
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style of engine from I-20 to 1-300. A 
ratio of unsteadiness of 1-50, for instance, 
means that the extreme speed variation 
during one cycle will be 2 per cent. But 
it does not say that the variation of speed 
from full to no load is 2 per cent. This 
latter depends on the combined action of 
fly-wheel and governor and is about twice 
as great as the speed variation of the fly- 
wheel at constant load and constant speed. 
The ratio of unsteadiness indicates, there- 
fore, the speed change during one stroke 
or revolution, but always at constant load 
and speed. The governor acts only if 
the change of speed is greater than that 
allowed by 6. 

The relation between surplus energy and 
ratio of unsteadiness is found as follows: 


—_ M (V3 mar. — V 3 nin, ) 
2 


VU 4 ; - 
= SV naz + Veta.) (Vinee. — V etn), 


V maz. — V min. 
V mean 





} 
A (Vaz. + Vein.) V mean X 8. 








SHOWING DEFLECTION BY CONSTANT FORCE 


Vinaz. + V min. is about equal to 2 V man ; 
therefore, 


Az My* is. 


The total energy of a revolving fly- 

4 de 

wheel is —— 

than the surplus energy. If 6 = 35 the 

energy of the revolving rim will be 

twenty-five times as great as the maxi 
mum excess energy of one cycle. 

Knowing now the energy in foot-pounds 
which tends to bend the spokes, we have 
to find an expression between this and 
the strain. If the deflection of a canti- 
lever is f-inches, the work necessary to 
bend the beam is equal to % P f where 
P is a constant, steady force. One-half 
of P f is taken only, because the lever 
will deflect under a very light load at the 
start. If the full load P is put on the 
beam the deflection would be 2 f and the 
lever would oscillate until finally brought 
to a stop and the deflection would again 
be f, as shown in the figure. 

The force P is used here as an imag: 
inary auxiliary load performing the same 
work as the surplus energy of the fly- 
wheel rim. Assuming now that the same 
deflection is accompanied by the same 
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strain in the spoke, the question is theoret- 
ically solved. 

It may be true that the application of 
the excess energy on the fly-wheel spoke 
is more or less abrupt. But by taking 
this as gradually increasing force, the 
spoke will not oscillate. The strain fig- 
ured out on this basis may be somewhat 
smaller perhaps than the real, but this is 
cf no importance in our case. 

The deflection caused by 
applied force P is, 


a gradually 


P Zs 
f= 31E ’ 
where / is the length of spoke in inches, 
I is the inertia moment of the beam, 
taken as constant for the whole length, 
and £ is the coefficient of elasticity for 
cast iron, 12,000,000. 
The relation between 
sistance and strain is 
re 


RS) é 


moment of re- 


Where s is the strain in the extreme 
fiber and e is the distance of this fiber 
from the central axis. 

Combining the foregone equations by 
eliminating P and f, we arrive at the 
desired result. If 7 is the number of 
spokes, then the surplus energy corre 
sponding to one spoke is 
Mv? 6 


A,= ; 


an 36. Ff. 


Substituting now, ~. 
P {8 
P= P _ ed 

= and f = ry eo 


Ss 
l 
> get, 
Mv? 6 
; 


and from here the strain 
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; 
lor the case in which the engine is 
stopped suddenly, the energy being : 
we find in exactly the same way: 

3/E MM 

—#£ ~ 


20 00 
= eee to an 
NX 2 2 
from three to about twelve times as great 
as the working strain. 


To show what numerical values the 
strain in reality takes, I will refer to th 
article on “Recent Fly-wheel Accidents’ 
in the March 3 number. The wheel de 
scribed there was 20 feet in diameter, 
weight 40,000 pounds, and other data are 
not given; but I will assume that the 
greatest spoke section was about 
inches and of elliptical cross-section; th 


I7xI 








April 28, 1908. 


the weight of the rim was 27,000 pounds 
and the speed 5000 feet per minute or 
about 84 feet per second. 

The number of spokes was eight. The 
distance from rim to hub I take as 100 





inches. The strain due to an instantane- 
ous stop is according to the formula 
above: 
~ 
er 84 3X 767 & 12,000,000 27,000 
289 100 32.16 x 8 


= about 50,000 pounds. 


Considering that an elliptical section of 
cast-iron will break at about 23,000 pounds 
strain per square inch, the occurring 
stress is more than twice as great. That 
the spokes did not stand the strain is 
shown in the photograph of the article re- 
ferred to. 
special case. 


But this is by no means a 
Anybody taking the pains to 
figure the strength of an existing fly- 
wheel spoke will find that the maximum 
strain always exceeds the breaking 
strength by from twice to three times. But 
on the other hand, no engine part can be 
made strong enough to stand such a shock. 

Under running conditions, however, the 
strain will be found to be: 


oan, 3 x 767 & 12,000,000 2 « 27,000 3 
289 100 


32.16 X 8 
The ratio of unsteadiness for electric 
lighting may be about 1-150; taking this 
value we find s = 4300 pounds approxi- 
mately. Even this value is about twice 
too large; the factor of safety being about 
5 instead of 10. The strain due to cen- 
trifugal force, the rim consisting of eight 
sections is about 
c Mv? 
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27,000 x 84? 
134 X IO X 32.16 x 8 
= about 740 pounds. 





This, added to the former, puts the work- 
ing strain as high as 5040 pounds per 
square inch. 

Cylinder dimensions and steam pres- 
sure not being given in said article, I 
cannot compare the strain in the spokes 
when the engine is started with that 
above. 

From the foregoing, however, it will 
be clear that the stress put on the fly- 
wheel by the changing speed is of too 
great importance to be neglected. 





Consular reports state that gas engines 
attained considerable popularity in Spain 
during 1901-03, which is reflected in the 
increased importation of anthracite, used 
lmost entirely for these engines. After 
1903 their use declined, owing to lack of 
ibsolute reliability for any protracted 
period, the difficulty of purifying the 
and probably, too, in the case 
~ small engines, owing to the sub- 
stitution of cheap electric motors supplied 
ith power from central stations, with 

lich the Spanish market 


fas, 


has been 


oded; but they have now again come 
to fashion. 








POWER 
The Dependability of Gas Power 


By F. C. 


TRYON 


One of the primary requirements of a 
power-generating plant is absolute relia- 
bility, the knowledge that it can be de- 
pended upon at any and all times to meet 
any demands made upon it within its 
range of ability. A great many engineers 
seem to think that this dependability can 
be obtained only through the medium of 
steam—that the gas producer and gas 
engine must still be classed as experi- 
mental and not sufficiently demonstrated 
to be accepted as a thoroughly reliable 
power source. The results obtained from 
the two plants referred to farther along 
in this article should at least modify, if 
not entirely dispel, this impression. 

It is well known that a great advance 
has been made in the building of gas 
engines and gas producers within the past 
ten years, and there is an impression that 
the knowledge and experience which have 
developed the manufacture of gas engines 
in sizes suitable for large plants have 
also developed correspondingly improved 
methods of and utilization 
of the gas producer; it is doubtful, how- 
ever, if the facts will justify this latter 
impression. 


construction 


Ten years ago there were but 
few attempting to build power-gas pro- 
ducers and the prices at which they were 
sold enabled the manufacturer to be 
generous in their dimensions and liberal 
in attachments and fittings. These instal- 
lations the chief the 
growth and development of the industry. 


were causes of 
With the increased demand came many 
new for a share of this trade, 
forced curtailment in di- 
mensions, with consequent troubles and 
disappointments to users. It 


seekers 
competition 


is encour- 
aging to know that at the present time 
there is a discussion amongst producer 
manufacturers to adopt standard dimen- 
sions that will minimize this source of 
troubles. 

In this connection the following inform- 
ation regarding the old-timers 
may be interesting, and help to establish in 
the minds of manufacturers of this class 
of machinery the fact that many of the 
troubles and complaints they have 


one of 


re- 
ceived can be overcome by a little more 
liberality on their part in the matter of 
fire-bed area. 

There is in operation in Jersey City, 
N. J., a plant of 400 horse-power, consist 
ing of two producers supplying a number 
of gas engines. This plant was installed 
in 1898 and has never shut down since 
it was put into service; it runs twenty-four 
hours every day. Of the two producers, 
rated at 200 horse-power each, one has 
never had the fire out since it was fired up 
on April 10, 1898, and the other one had 
its fire withdrawn once to replace a broken 
hood over the blast pipe; the fire was out 
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one day. These producers are taken out 
of service alternately two hours each day, 
to have the ashes removed and the fire 
thoroughly barred. 

There are eight engines in this plant, 
some of which are always in operation. 
The minimum about 135 horse- 
power and the maximum load about 450 
horse-power; the minimum load usually 
occurs between the hours of and 
ten in the morning, and the heaviest load 
from five to ten at night. 


load is 


seven 


The labor is 
divided in two shifts of twelve hours each, 
changed at 6 o’clock morning and ,evening. 


THE GAs Propucers 


The gas producers are of the up-draft 
steam-pressure type, delivering to a holder. 
A 20-horse-power vertical boiler supplies 
the steam for the generators, at a pressure, 
usually, of about 60 pounds. The two 
producers are each 7 feet in diameter, with 
a g-inch brick lining, so they are 5 feet 
6 inches in diameter inside. Pea anthra- 
cite coal is the fuel used, and it is elevated 
by endless chain buckets to small bunkers 
overhead and spouted direct to the pro- 
ducers. One man attends to the producer 
plant, with a helper for the two hours of 
cleaning in the morning. The ashes are 
wheeled direct to a flat car outside of the 
plant. Coal is delivered from bottom- 
dump cars directly into a hopper from 
which the The 


average coal consumption by the producers 


chain elevator takes it. 
and the boiler is 342 gross tons daily. 
The load the 
ducer is about 7000 horse-power-hours 
twenty-four which 
gives about 1.12 pounds of coal per horse- 
power-hour as the fuel rate. The pro- 
ducers supply gas to engines 46 hours 
out of every 48 hour of elapsed time. 
The wet scrubbers 
shells filled with 


average supplied by pro- 


per day of hours, 


are simple steel 


coke which have never 
been changed since installed; they are ex- 
amined from time to time and thus far 
it has been found that the coke originally 
put in was in good condition and practical- 
ly clean. The dry scrubbers are filled 
with excelsior; they are cleaned alternate 
ly, one each month. have never 
been any changes in the piping around the 
plant. To all appearances the plant is as 
good today as when installed. The lining 
of the producers presents the appearance 
of perfect condition, and with the excep 
tion of the blast hood replaced on one of 
the producers and the replacing of one 
of the feed hoppers on top of the pro 
ducer, there have been no repairs or re 
newals. The entire expense has been less 
than $200 for repairs and re-painting; the 
plant is now receiving its third coat of 
paint since its installation. 

3etween each producer and wet scrub- 
ber is installed what is called 


There 


an econ- 


omizer; it is merely an air pre-heater. The 
gas from the producer enters the top of 
the economizer, passes down through a 
number of tubes encased in a steel shell 


656 


and out at the bottom to the wet scrub- 
ber. The air supply for the producer fire 
enters this shell at the bottom and is 
caused by a series of baffle-plates to pass 
several times through the nest of pipes; 
from this economizer the air is piped to 
a Korting steam nozzle and blown by the 
steam into the fire, carrying with it prac- 
tically all the sensible heat it has ab- 
sorbed from the gas passing through the 
economizer. 

The gas after passing through the dry 
scrubber goes to a gas-holder located 
in the yard outside the producer house. 
From this holder, gas is piped to the eight 
engines. 


THE ENGINES 


Three of the engines are used to gen- 
erate electric current, two for compres- 
sing gas, two for air compressors and one 
to drive a pump. As stated before, some 
of these engines are always in operation. 
A vertical engine belted direct to an elec- 
tric generator is started in operation at 
1o o’clock every morning and runs reg- 
ularly until 7 o'clock the next morning— 
twenty-one hours; compressed air is used 
to start this engine. All changes, clean- 
ing or repairs required on this engine 
must be attended to in the three-hour 
daily shut-down. When the engine was 
first installed the igniters were changed 
weekly; then, after a time, every other 
week; then they were run for a month. 
Now they are changed every two months 
unless trouble develops in the meantime. 
This engine uses about three gallons of 
oil per day, about half being fresh oil 
and the remainder the overflow from the 
crank-case, which is filtered of course. It 
originally had water-cooled exhaust 
valves, but these have been replaced by 
solid valves and the operator says they 
work better. 

Two horizontal 90-horse-power engines 
of the hit-and-miss type are belted to a 
jack shaft having a heavy fly-wheel and 
clutch coupling; electric generators are 
belted from pulleys on this jack shaft 
The attendants complain bitterly of the 
labor required to start these engines; they 


are not provided with any auxiliary 
starting device and must be turned over 
by hand. 


Two shifts of two men each, working 
twelve hours each, attend the engines. 
Two chief engineers supervise the entire 
plant, one at night and the other in the 
daytime. In addition to this force, two 
laborers work during the day around the 
plant, doing anything the chief directs— 
helping the producer men to clean out the 
ashes in the morning, wiping off the en- 
gines when they shut down, or assisting 
in making any repairs or changes required. 

The total cost of this plant was about 
$35,000 installed ready for operation. The 
cost of operation per year is about $20,000, 
including fuel, oil, waste, water, labor and 


POWER 





repairs. Figuring interest at 5 per cent. 
and depreciation at 10 per cent. gives fixed 
charges of $5250 annually, making the 
total expense for operating and fixed 
charges $25,250 per annum. The 7000 
horse-power-hours per day amount to 
2,555,000 horse-power-hours per year, and 
the cost per horse-power-hour, therefore, 
is 0.988 cent, or practically one cent. The 
coal is charged to this plant at $3 per 
gross ton. Water costs in Jersey City 
$1.25 per 1000 cubic feet. The quantity of 
water used is estimated as close as pos- 
sible and has been figured at $410 per 
month; this is probably very liberal. 

This plant, installed ten years ago when 
the art was little known, running con- 
tinuously without an enforced shut-down, 
showing a repair account on the producer 
end so small it can hardly be figured in 
percentage and a repair account on the en- 
tire plant well within the percentage usual- 
ly estimated for steam plants, certainly 
indicates that this type of power generator 
is as reliable and dependable as any steam 
plant ever erected. 

The question naturally arises, is there 
anything peculiar to this particular plant 
that makes it more reliable than some 
of the others? Is its manner of con- 
struction so different as to give the de- 
pendability that characterizes it? Why has 
this plant given so little trouble, and why 
are its repairs and up-keep bills so small ? 
It is altogether likely that the answer to 
the first of these questions can be “No.” 
To the last one, the answer is that the 
generous grate area provided in the pro- 
ducers is the reason; the fuel rate is only 
8'4 to 9 pounds per hour per square foot 
of grate area. A liberal provision in 
area and a sufficient depth of fuel bed 
will give the requisite quantity of gas 
without driving and overheating the pro- 
ducer and contents, will at the same time 
supply an even quality of gas varying little 
in its constituents and there will be less 
complaint about clinkers and bad gas, 
fewer shut-downs, fewer repairs. 


ANOTHER SUCCESSFUL PLANT 


Another instance of successful producer 
and engine installation is the small plant 
of Charles Mundt & Sons, Jersey City, 
N. J., manufacturers of perforated metals. 
The plant was installed last November 
and consists of a Wayne suction gas 
producer and a Wayne gas engine of 50 
horse-power. The engine is belted to the 
main line-shaft, and a small countershaft 
belted back from the main shaft drives 
a pump which delivers the jacket water 
from the engine and the discharge water 
from the scrubber to a cooling tower on 
the top of the building, whence it: is used 
over and over again. A small electric 
generator, also belted from this same 
countershaft, supplies current for electric 
lights throughout the factory. 

The present daily load 6n this plant 
when the electric generator is not in use is 
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about 35 horse-power. It is started up 
every morning at 7 o'clock. Two of 
the men employed in the factory running 
machines are paid 50 cents per day extra 
to look after the power plant. They ar- 
rive not later than 6 o’clock each morn- 
ing, one cleans up the engine, fills the oil 
cups and attends to the line shafting. The 
other cares for the producer, bars down 
and cleans out the ashes, and puts in twenty 
scuttles of coal weighing 22 pounds each, 
or 440 pounds. On Sunday the watchman 
puts in ten scuttles. The coal used is pea 
anthracite, costing $3.50 per net ton, de- 
livered at the building. The fire is then 
blown up until the gas ignites at the test 
tube, and the engine is started. The doors 
under the grate are adjusted to admit the 
proper amount of air, the water valves 
are opened to the wet scrubber and engine 
jackets, the rotary pump started and ad- 
justed to handle the waste water, and at 
7 o'clock the clutch is thrown in on the 
main shaft, starting all of the machines. 
The two men who have attended to the 
starting up of the power plant take regular 
machines, the same as others. At 6 o’clock 
at night, the man who started up the plant 
in the morning shuts off the gas, closes 
the doors in the bottom of the producer, 
opens a valve in the waste pipe, shuts the 
producer off from the wet scrubber, shuts 
off the water and goes home. 

Steam for modifying the fire in the pro- 
ducer is obtained by feeding water upon 
plates on the back of the strip of cast- 
iron lining, around the fire bed just above 
the horizontal grate near bottom of the 
producer. The amount of water fed is 
automatically adjusted by the vacuum in 
the gas line; the heavier the load, the 
greater the vacuum, the more gas is used 
and the more water fed. 

The cost of operating this plant per 
week is as follows: 

Fuel: 2860 Ib. pea anthracite at 


a $5.71 
Labor: 2 men at 50 cents each 
POM Goals cicnuissdeods anions 6.00: 


Oil: 3 gallons per week, at 22c. 0.66 
Water: Io per cent. evaporation 
and waste 





$12.61 

The machines in this factory run 55 
hours per week and the average load is 
35 horse-power, making a total of 1925 
horse-power-hours. The plant cost, instal- 
led ready for operation, a little less than 
$3000. Charging interest at 5 per cent., 
depreciation at 10 per cent., repairs, taxes 
and insurance at 5 per cent., these foot 
up $600 per annum, or $11.54 per week; 
adding the operating expense of $12.61 
gives a total of $24.15 for the 1925 horse- 
power-hours, or 1.26 cents per horse-pow- 
er-hour. The owners of this establishment 
feel that they are to be congratulated in 
the selection of a power plant that is so 
economical and gives them so little trouble. 
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Practical Letters from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
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Know or Want to Know About Your Work, and Help Each Other 





WE PAY FOR USEFUL 


Engineers and the License Law 





The recent editorial, “Manufacturers 
Oppose License Legislation,” is opposed 
to the contention of the writer that license 
laws force the manufacturer to recog- 
nize the importance of the engineering 
profession. 

The reference to the letters issued by 
the manufacturers’ associations of Iowa 
and Indiana, calling upon the members 
of the legislature of these States to defeat 
the proposed license bills on the ground 
that unwise legislation is disastrous to 
the manufacturer, leads me to believe that 
they are afraid of being forced to recog- 
nize the importance of the steam en- 
gineering profession by an increase in 
the wages paid to its members. 

The reference to the attitude of the 
manufacturers of Iowa indicates that 
license laws have not forced the manu- 
facturer to recognize the engineer, in 
other light than as a menace to his in- 
terests. If the laws have not been bene- 
ficial to the engineer in the States where 
they are in vogue, why are the manu- 
facturers opposed to them? 

The rights of the manufacturer must be 
considered; it is upon the success of the 
manufacturer that the engineer depends 
for his livelihood. However, if he is 
blind to his own interests and those of 
others, it is wise that legislation be en- 
nacted to prevent him from doing injury 
to himself and others. This statement 
may be accepted by some as foolish, but 
from my observations there are grounds 
for it. 

No laws could be consistently passed 
that would. legislate for the engineer 
alone. A bill drawn up for such a pur- 
pose should be defeated, as any bill that 
is worthy of consideration must be for 
the interests of the whole community. 
The public should have its rights con- 
served. The passage of a properly framed 
law does this, as it prohibits a man 
from operating a plant that is deemed un- 
safe, or the employment of a person to 
operate it whose knowledge is limited to 
plain operation under perfect conditions. 
The result is, a man, to be an engineer 
in a State having a suitable law, must 
fit himself for his work. This has the 
tendency to make an engineer know more,; 
in fact it forces him to know more; 
with the result that he is of more value 
to his employer. That the employer recog- 


nizes this fact seems to be a question 
in the minds of many. 

In almost every community we see some 
go forward, others stand still, while others 
go backward. These results can be pre- 
dicted by a careful analysis of the in- 
dividuals. Of course there are some who 
have not forced their employers to recog- 
nize their worth simply because the em- 
ployer is not of the observing kind. The 
only hope for such a man is to emigrate— 
look up another situation. This generally 
makes of an unobserving employer, one 
who would appreciate the services of his 
former engineer at a larger salary. 

The reference to the engineer working 
night and day is not borne out by facts. 
The engineer who attends to his duty 
works very little nights. There are excep- 
tions, where new installations are being 
made and in an occasional accident. If 
he is paid a good salary he is not en- 
titled to extra recompense, any more than 
his employer should expect to dock him 
when the plant is not in operation. If 
he is paid by the hour as most assistant 
engineers are, he is certainly entitled to 
extra pay and gets it the same as the 
hod-carrier who may himself become an 
engineer in after years, as some have. 

The license law has benefited the en- 
gineer with the manufacturer because he 
has found that he can not employ a man 
who has not a license to prove his com- 
petency. The result has been a gradual 
increase of at least 30 per cent. in the 
wages paid engineers and even more in 
isolated cases where the manufacturer was 
observing and realized that the wage was 
the smallest item of cost in the operation 
of his plant. A good man can and has 
saved his salary by careful attention to 
the economical operation of his plant. 
Therefore, I say that the law has in- 
creased wages, and this statement can be 
attested by a large number of engineers 
who have benefited financially. 

As to placing the engineer higher in the 
estimation of his employer, from the con- 
sideration given to engineers now as 
compared with the past it would appear 
that it has. 

The writer will agree that all good en- 
gineers are not licensed, also that some 
licensed men are not good engineers. The 
method of examination is one that does 
not always determine the fitness. But on 
the whole it averages well. Some men 
have not the faculty for expressing them- 
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selves and fail to do themselves justice 
The examiner is not to blame if he fails 
to discover their merits. Each candi- 
date should be placed at ease and every 
opportunity given to him. I am led to 
believe that in some cases the inflation that 
comes to some young men who _ have 
been elevated to the position of examiner, 
prevents them from realizing they are 
only servants holding a political job and 
are not superior to all other mankind. If 
they were superior engineers they would 
not take such a position, but would get one 
that pays more money. The recent re 
fusal of a license by a young inspector 
to a man of wide experience and knowl 
edge shows that justice is not always ob 
tained. 

There is no question as to engineers re 
ceiving high wages in States where there 
are no license laws, but the average will 
be found lower when compared with the 
prevailing wages paid other trades. 

T. N. Kersey 

Lowell, Mass. 





Field Loss in Alternators 


In the February 15 number of Jhe 
Engineer, G. E. Ralstin takes it that my 
test on alternators which appeared in the 
December 2 number, was made under load. 
This is not the idea I wished to convey. 
The main switch was left open all the 
time, and I proceeded in the following 
manner: The machine was brought up 
to speed with all resistance cut in, and 
the indicated horse-power required to 
drive it, noted. Then the field was built 
up to normal voltage and seven horse 
power more was required, but the exciter 
takes only one horse-power. Where does 
the other six horse-power go to? 

I think the article of December 2 shows 
it is at least possible that it is all hys- 
teresis loss. What Mr. Ralstin says about 
keeping an alternator at proper speed is 
generally very true, but I once ran a 70 
kilowatt machine at 100 revolutions under 
speed with better results. This machine 
was only half loaded. Originally there 
was a I10-volt exciter; this wore out and 
I put in one of 125 volts with which we 
could hold the voltage with lower speed, 
and with our light loads the unit as a 
whole was more efficient. 

V. L. Brewster. 
Shirley, Mass. 
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Why the Pump Wouldn't Work 


Some years ago there were changes in 
engineers at a certain plant and the writer 
was unexpectedly put in charge, with a 
green fireman. There were four return- 
tubular boilers of large size, fed by an 
ordinary double -acting duplex steam 
pump. There was an injector, but it bore 
no evidence of recent use. Things pro- 
ceeded smoothly until near the evening 
of the first day, when, the water having 
been worked up above the third gage in 
all the boilers, I told the fireman to shut 
the pump down while he cleaned his fires. 
This done, he went to start the pump 
again, but it would not take water. There 
was an open heater, the water being fed 
to the pump by gravity. Examination 
showed that there was plenty of supply 
water. 

As no changes had been made in any 
ot the valves, it was somewhat of a puz- 
zle to know why the pump would not 
take water. The water in the boilers was 
getting low. The injector was tried, but 
it would not work. The pump pistons 
would play back and forth as nimbly as 
though there was not a drop of water in 
her; which was really the case. 

We worked over the pump until the 
water was down out of sight in most of 
the gage glasses, and I was on the point 
of shutting down the plant, when a happy 
thought struck me. The pump was hot. 
This led to the conception that steam 
was working back through the feed line 
from the boilers. This proved to be the 
solution. The valves on each boiler-feed 
line were speedily closed. Cold water was 
worked into the pump above the upper 
or discharge-valve deck. This seemed to 
condense what steam was in the pump 
and she took water. When the pressure 
was up sufficiently on the feed line, the 
individual were gradually 
and we soon had plenty of water. 

The steam pressure on the discharge 
valves had doubtless held them shut. They 
also may have leaked a sufficient amount 
of steam through to hold the suction 
shut. It would be easy to con- 
ceive how the hot steam could have pre- 
vented the pump from working, if it had 
been dependent upon its suction for sup- 
ply, and had been 
through a_ closed 
would spoil the the pump 
cylinder without any pressure. Care was 
always taken to close all the valves on 
the feed lines, after the above incident 
happened, before the pump was entirely 
shut down. 


lines opened 


valves 


water 
the steam 


forcing cold 
heater, as 


vacuum in 


Investigation showed that the injector 
and all the check-valves in the feed-water 
lines were “lined up,” so to speak. The 
check-valves would not close at all. As 
opportunity afforded they were all taken 
off and treated to a bath in a solution of 
one part muriatic acid and eight parts rain- 
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water. This seemed to cut the sediment 
nicely. When all had been gone over 
and replaced there was no more trouble 
from that source. 
Epwarp T. BINNs. 
Philadelphia, Penn. 





Alinement of High-speed Machinery 


Aiter trying several different methods of 
alining moderately high-speed machinery 
having flange couplings, the writer 
has decided on a method that does not 
require any expensive special tools and is 
very accurete. Thinking that this method 
may be of interest and of value to some 
of Power’s readers, I will endeavor to 
give a brief outline of the procedure. 

We will assume that we have an elec- 
trical generator assembled on its base and 
approximately in alinement with _ its 








water-wheel, and that there is ¥% inch be- 
tween the faces of our half-couplings. 
The first step is to make certain that the 
faces of the two halves of our coupling 
are at right angles with the center-line 
of their respective shafts. 

We will take any convenient point on 
A, Fig. 1. Measure the distance between 
A and B with a thickness-gage, revolve 
B go degrees, measure the distance, and 
sc on around. With the ordinary pocket 
thickness-gage one can measure to 1/1000 
easily in this way. If the four measure- 
ments on B check closely, the face of that 
half-coupling is true with the center-line 
of its shaft, and the process can be re- 
peated on A. Occasionally one will find 
a coupling that is badly out, and it will 
be necessary to move the other shaft out 
of the way and true up the face. 

The next step is to test the outside of 
the half-couplings to see if the center of 
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the shaft coincides with the center of the 
coupling. For this and the following steps 
we will need a piece of bar-iron fitted 
with a machine screw as shown in Fig. 2. 
The end of the screw should be ground 
or filed to a blunt point. This iron should 
be secured to A by a C-clamp as in Fig. 
3, and measurements taken on B at four 
equidistant points as outlined above. 

If these measurements do not check 
closely it means that the half-coupling is 
off center, or the shaft is sprung, or both. 

One can test for a sprung shaft by tak- 
ing points on the shaft itself just back 
ot the coupling. In case B is O. K., we 
should shift our clamp and iron to B 
and check A. 

Now that we are absolutely sure that 
both halves of the coupling are O. K., we 
can proceed to the final alinement; it is 
an easy matter to get the two faces of our 
coupling parallel by using our thickness- 
gage between them. Our iron should now 


A 


(e 
VE 











025" 
FIG. 4 


be clamped to that half of the coupling 
most easily revolved, say on A, Fig. 3. 
A measurement should be taken on B, A 
revolved 90 degrees, measurements again 
taken, and so on around. Suppose we get 
results as in Fig. 4. One-half the sum of 
the diametrical readings in this case is 
0.031 inch. Then 4 is 0.006 inch too high 
and 0.009 inch too far to the left. 

After -the two halves have been proper- 
ly brought together, the bolt-holes should 
be alined as well as possible, the two 
halves fastened firmly together, and the 
holes reamed. It is customary with many 
manufacturers to leave the coupling bolt- 
holes 1/32 inch or 1/16 inch small, and 
furnish a reamer and ground bolts. The 
holts should be a nice driving fit in the 
holes after reaming. 

As an illustration of the importance of 
careful checking, I will give a recent ex- 
perience. The writer was called upon to 
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locate the trouble in connection with a 
water-wheel driving a generator at 400 
revolutions per minute. 

The whole outfit vibrated badly and the 
bearings were giving trouble. The erec- 
tor stated that he had lined the two half- 
couplings until a sheet of writing paper 
would just go in all around, brought the 
outsides of the half-couplings into approx- 
imate alinement, checking with a steel 
scale, as one-half was slightly larger than 
the other. 

On checking up I found the face of one 
half coupling ran out 30/1000 inch and the 
outside was eccentric 25/1000 inch. 

A little judicious questioning brought 
out the method used in putting on this 
half-coupling. It had been heated nearly 
red hot, slid on the shaft, and the key 
driven home with a sledge. As the key 
was about -20/1000 inch too thick, some- 
thing had to give when things cooled off. 
After facing off and truing up the coup- 
ling we had no further trouble. 

EXPERIENCE 

Schenectady, N. Y. 





Deep-well Pump Gives Trouble 


On page 502 of the March 31 number, 
there appeared a communication from 
G. K. Swalley to which I would like to 
reply. Assuming that the pump is in 
good condition, it seems that the objec 
tionable pounding is due to the absence 
of a proper degree of elasticity or cushion 
in the piping system. This cushion may 
be supplied by admitting a small amount 
of air to the suction pipe or cylinder, by 
the use, of an air chamber, or by a com- 
bination of the two. So far as I am 
aware, the first method is used in a few 
special cases only and so need not be 
considered, while the second method is 
used almost universally. The air chamber, 
however, must be placed as close to the 
‘ylinder (water end), as possible. The size 
of air chamber required depends upon a 
variety of conditions. 

Water, when in contact with a gas 
under pressure, has the property of ab- 
sorbing it, so that when an air chamber 
is under long continued pressure it grad- 
ually fills up with water and so loses its 


effect. The air thus absorbed must be 
supplied from time to time by some 
means. Granting that Mr. Swalley’s 


pump is faultless, and that the pressure 
it the air-chamber is less than 70 pounds, 
he can keep his improvised air chamber 
full of air continually if he will con- 
lect a small pipe (with valve) between 
the air-supply pipe and the top of the 
ur chamber. 
A. F. PAIne. 
Poland, Ohio. 
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Finding the Average Pressure from 
Round-pattern, Pressure-recording 


Gage Charts 


The method described in the March 3 
number of Power for obtaining the aver- 
age pressure from round-plotted pressure- 
recording gage charts is interesting and 
would undoubtedly prove useful if it gave 
correct results. Unfortunately the aver- 
age pressure obtained by this method is 
not the true average as recorded on the 
card. 

To demonstrate this, a concrete case is 
assumed, as indicated in the figure. The 
diagram is based on 60 pounds pressure 
for twelve hours, followed by 90 pounds 
pressure for twelve hours, on a twenty- 
four-hour chart. A 60-pound spring is 
Evidently the average pressure is 
75 pounds. To apply Mr. Youens’ method 
to this card, it is first necessary to find 
the area of the figure. This area is equal 
to the sum of two semi-circles, one hav- 
a radius of 1 inch, and 


used. 


ing an area of 


ov Lbs. , " \ 


i 


DIAGRAM ILLUSTRATING 
THE AVERAGE PRESSURE 


METHOD OF 
ROU ND- 


FINDING 
FROM 


PATTERN PRESSURE-RECORDING 

GAGE CHARTS 
1.57079 square inches, and the other a 
radius of 1% inches, and an area of 


3.53429 square inches. The total area is, 
therefore, 5.1050 square inches, which, ac 
cording to Mr. Youens’ method is the area 
of a circle the radius of which is equal to 
the average pressure. The radius of the 
circle is 1.2747 inches. Multiplying this 
quantity by the spring, 60, the resulting 
pressure is 76.48 pounds per square inch. 
This is evidently in error by 1.48 pounds. 
The reason for the error is clearly due 
to the fact that when the pressure varies 
the change in the area is not proportional 
to this change in pressure. For example, 
supposing in the diagram in question the 
pressure is increased by one pound. The 
increase in area is due to this change, for 
the 90-pound portion of the diagram 
would be 0.0789 square inch, while the 
same change in pressure in the 60-pound 
portion of the diagram would produce a 
change of only 0.0528 square inch. If 


other diagrams are treated in the same 
way, similar inaccuracies will be discov- 
ered. 
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It may be noted here that in the case 
of the indicator card, the planimeter is ap 
plicable, since the diagram is divisible into 
a series of rectangles of constant width 
and variable hight, the hights being pro- 
portional to the average pressure for the 
rectangles and, therefore, to their areas. 

In the case of the round-plotted card, 
the diagram cannot be cut up in this man- 
ner. The only practical division is into 
a series of three-sided figures which ap- 
proximate triangles. These figures have 
their vertices at the center of rotation of 
the chart and have very small equal ver- 
tex angles. The areas of these figures 
are proportional to the squares of their 
average pressures, not to the pressures 
themselves. 

F. R. Swirt. 

Buffalo, N. Y. 





Babbitting Main Bearings 





lhe way Mr. Grice repaired his high 
speed engine bearing as told on page 462 
of the March 24 number, may be right, 
but I think he should have chipped out 
the old metal, lined up the shaft, poured 
new clean metal, scraped it to a bearing, 
and then he would have had a lasting 
job. That is the way a machinist-engi- 
neer would do, and what I did with the 
main bearing of a 20x42-inch Corliss en 
gine in my care. 
out 


I had a job getting 
the old metal, as I could raise the 
shaft only half way out of the bearing on 
account of the fly-wheel striking the roof, 
and the metal had to be chipped out of 
the solid frame. 

I had chisels and 
two men, one to hold the point and one 
to strike, while I bossed the cut. After 
letting down the shaft and lining up and 
leveling, I banked the crank and collar 
with putty and poured 
into it. 


to use long slim 


pounds of 
I then raised the shaft, 
cleaned the edges, scraped the bearing 
all I could, and greased it with No. 3 
grease and graphite. After lowering the 
shaft and lining up, I found it was O. K 
The bearing has never even warmed up 
enough to feel it. The 
in service years 


52 


metal 


old metal was 
and I think I 
have a job that will last just as long. 


nineteen 


In regard to engineers being machinists 
I think that depends in 
what class he belongs in. 


or pipe-fitters, 
Any ambitious 
young engineer with a clear head and an 
eye to business, can soon learn to lay out 
and erect a safe and sane pipe line, while 
the machinist-engineer is away ahead in 
securing the positions with the best pay. 
If I were not a machinist, I would not 
have my present position, for the engi- 
neer has charge of all repairs and all 
machines, and is “it,” the manager 
hardly ever looks in or asks how things 
are going. 


as 


URIAH JACKSON. 
St. Louis, Mo 
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Admission of Steam under the 
Grate for Burning Slack 


In answer to Mr. Kingsley’s question in 
the March 31 number, page 503, regard- 
ing admission of steam under the grate, 
two years ago we installed 1800 horse- 
power in boilers, the idea being to burn 
a very low grade of fuel. We first in- 
stalled two 14-foot fans with ducts for 
carrying air under the grates. These 
boilers were to furnish steam for one 
cross-compound Corliss engine, maximum 
rating 1450 horse-power, one simple Cor- 
liss, maximum rating 750 horse-power, 
and one 400 - horse - power high - speed 
slide-valve engine. 

We could burn nothing finer than No 
2 buckwheat and got a clinker that was 
almost impossible to break up. 

We then tried turning exhaust steam 
into the air duct, and found that this 
was somewhat of an improvement. From 
this we decided to try a steam-jet blower. 
With these blowers using from 2 to 3 
per cent. of the boiler output, we are able 
to use No. 3 buckwheat and finer, and 
have absolutely no clinker larger than a 
good-sized pea. 

Of course we are burning hard coal, 
but our results have shown that for hard 
coal, mixing steam with air for forced 
draft gives first-class results. 

J. Frep MAcWILLIAMs. 

Lansford, Penn. 


Under my boilers I burn hard-coal 
screenings alone without any soft coal. I 
use forced draft which is produced by an 
American blower fan, which sits in the 
rear of the boilers. We have an air duct 
which runs across the boiler room in the 
rear of the boilers, and from this duct | 
have two 12-inch pipes (cast-iron) which 
pass through the bottom of the bridgewall 
and open into the ash-pit, each boiler 
having pipes running in the same man- 
ner. These pipes carry the air to the 
furnaces. 

I have experimented quite a little with 
this fuel, but instead of using steam un- 
der the grates I use water in the ash- 
pits. My ash-pits are made extra deep, 
so that I can carry from 3 to 5 
inches of water in them, which I usually 
carry; but water and steam act the same 
way. I first tried this fuel without using 
water in the ash-pits, and the result was 
a heavy clinker, which covered the entire 
grate and was very hard; in fact so much 
so that the fireman had quite a job to 
break it up with the slice bar. I then 
put water 5 inches deep in the ash-pits 
and the, result was that I still got the 
clinkers, but they were soft, spongy and 
rotten, and could be broken up with ease 
I have not found anything to prevent 
clinkers while using this grade of fuel; 
but by using water in the ash-pits the 
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clinkers can be handled with ease.. My 
boilers are of the return-tubular type, 
72 inches by 16 feet. I think that if J. 
F. Kingsley will try the water in ash-pits 
he will be surprised at the results. 
JosHua L. BICHELL. 
Baltimore, Md. 





Diagrams from Bates Corliss and 


Fitchburg Engines 


In regard to John C. Kahl’s diagrams 
from the Bates Corliss and Fitchburg 
engines shown in the February 1 number 
of The Engineer, would say that in the 
first place, he has the springs mixed; as 


To Suction, 




















FIG. I. 


he says on the Bates Corliss diagram that 
the boiler pressure is 100 pounds and the 
scale of spring 40, and that in the Fitch- 
burg diagram, the boiler pressure is 80 
pounds and scale of spring 50. 

He should have used the 50-pound 
spring on the Bates Corliss instead of 
the 40-pound spring, which is too light 
for 100-pound boiler pressure, and the 
40-pound spring on the Fitchburg engine. 

On the head-end of the Bates Corliss, 
the admission is a little late; it also 
shows too much back-pressure. This may 
be due to the exhaust port or pipes being 
too small, or the passage of steam through 
coils of pipe for heating. The card shows 
the other events to be good. 


The horse-power developed by the 
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Bates Corliss, according to the diagram, 
is 141.5 and that of the Fitchburg engine 
is 151.3. 

To improve the Fitchburg diagram, 
make the admission a little later so that 
the admission line stands vertically. 

ALBERT SMITH. 

Barrytown, N. Y. 





in an Air Com- 


Peculiar Leak 


pressor. 


An air compressor leaked so_ badly 
when the pressure got up to 45 pounds 
that everybody was scared. For a while 
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SHOWING DASH-POT GOVERNOR 


the location of the leak baffled us. - Fre- 
quent examinations showed ‘everything to 
be apparently O. K., until finally we came 
to the governor. Then the leak was found 
and it proved to be a delicate piece of re- 
pair work to stop it. It was a 9x1II-inch 
machine, with a dash-pot governor, which 
is shown at A, Fig. 1; B is a %4-inch pipe 
connected to the suction valve; C is a %- 
inch pipe from the pressure tank; D is the 
valve-steam, and W is the weight. Fig. 
2 shows the details more plainly. It ap- 
pears that a groove ¥% inch long and 
3/16 inch deep had become worn in the 
valve-stem, as indicated at E, Fig. 3. A 
leather washer F fitted over the opening 
of a %-inch straight ell which was 
screwed into the bottom of the governor. 
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With a %-inch drill 1 reamed out the 
groove, boring ¥% inch beyond it, as shown 
in Fig. 3. Then I poured babbitt into the 
hole, filed it off, put on a new washer, 
started up, and the leak had vanished. 
P. E. Jay, Jr. 
New York City. 





The Ejight-hour Law 


What is the eight-hour law? What did 
Congress intend when it enacted that 
law? It is not a question of how mauy 
hours should constitute a day’s work, 
for the act is clear on that point. The 
question is, “To whom does it apply?” 
The act mentions only laborers and me 
chanics, but it does not state what is 
meant by laborers and mechanics. 

Should a watchman, whose duties are 
intermittent, be put on the same time 
basis as a blacksmith, or machinist, or 
carpenter, or laborer? Physically or men- 
tally, there is no comparison. 

As a rule a watchman is supposed to 
make tours of inspection hourly. These 
inspections require perhaps half an hour, 
after which he can read, write, or employ 
his time in other ways, thus allowing him 
at least four hours in every twelve, the 
usual hours of duty. A mechanic or 
laborer (as generally applied) can not 
do likewise. His time for reading, writ- 
ing, and the like, is after work, when 
he is so fatigued that he has little am- 
bition for anything except rest. 

While there is no question that an 
eight-hour day is ample for a man in his 
position, is it ample for those who are 
without work for several months each 
year? Generally speaking, during the 
months of inactivity, debts are contracted 
which must be paid. How can a man 
make payment unless he is permitted to 
earn additional compensation by working 
more than eight hours aday when he has 
employment? Most mechanics and labor- 
ers earn just about enough to keep going 
from day to day—a lay off means debts. 
Why should such men be prevented from 
earning a few additional dollars when the 
opportunity is offered? 

Especially does an eight-hour day de- 
lay progress on works connected with 
river and harbor improvements. In the 
first place this class of work can only be 
carried on about six months in a year, 
when it requires every effort 
results. 


to bring 
With a cofferdam in a river, sub 
ject to overflow by every rise of con- 
sequence, and the placing of concrete on 
a three-hundred-thousand-dollar  struc- 
ture, it is an absolute necessity that every 
hour be utilized. Work additional men; 
but additional men are not always avail- 
able, nor is it always to the interest of 
the work to change a force. 

Would it be business 
policy to change force on a section of 


For example: 
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concrete which lacks a few hours of com 
pletion ? 


Would not such a step be con 
sidered positively ridiculous from a busi 
ness viewpoint? 

There are office men in the employ of 
the government who engage in outside 
business after office hours. One case is 
He was an en 
gineer, with several men under his imme 
diate orders. 


especially worth citing. 


This engineer would have 
men come to the office to transact private 
business, and pouted like a child when di 
rected to stop the practice. This same 
man is again carrying on such transactions 
to the detriment of the public service. 
Not only that, he is now connected with 
a firm having government contracts under 
the office in which he is employed. But a 
laborer or mechanic who receives per- 
haps one-fourth the salary must not work 
over eight hours a day, nor has he an op 
portunity to carry on private business on 
government time. 


= 


* PERCIVAL. 


Wheeling, W. Va. 





Steadying a “Hunting’’ Govemor 





Some asked for advice 


concerning an engine that was giving me 


time ago I 





( ) 
SHOWING CHANGES MADE IN GOVERNOR 
TO STEADY It 


trouble; the governor was very unstable 
in its action; that is, it would jump up 
and down. My company bought the en 
gine second-hand and it “cut didoes” from 
the start; possibly it was an old trick, 
as the wheel was so badly cracked that 
we bought a new one. At the time I wrote 
you I had experimented with the oil 
dash-pot and cam-rods for varying cut-off, 
etc. After receiving your letter I had 
made a new bull ring and two snap rings; 
the old bull ring carried only one ring; 
but this did not remedy the trouble. 

All along I had disliked the design of 
the governor; so I] made a change as 
shown in the accompanying sketch. 

The dotted lines show the governor as 
it came with the engine; the full lines 
show it after the change was made. In 
operation it is now entirely satisfactory. 

James FE. STANBY 


West Point, Ga. 
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One Barrel of Oil a Year 


I was much interested in Mr. Kellogg’s 
article on “One Barrel of Oil a Year,” on 
page 449 of the March 24 number, as 1 
have also tried to lengthen the life of a 
barrel of oil, but have no record of the 
saving for any one unit. Here the most 
of the work is done by a 160-kilowatt 
Corliss unit running ten hours per day, 
on which there are twelve oil cups and all 


kinds of ways for the oil to get away; 
but by adding little devices here and 
there, we lose very little now. When 
this engine is shut down, a_ 100-kilo- 
watt unit runs for about six hours per 
day. 

This engine is of the inclosed-cas: 
kind and had a device attached to the 
water pocket under the _ stuffing-box 


which seemed to be designed to take ad- 
vantage of the difference in the specific 
gravity of oil and water to save the former 


and let the latter run off, but it was 
too much for me; I couldn’t make it 
work. Now we draw the water off by 


hand until oil shows, at intervals of two 
hours, which insures the water not get- 
ting into the crank-case. When shut down 
all the drawn off and 
cnough oil to insure all that is left being 


water is also 
good; all this is saved. 
In addition to this, one and sometimes 


two 10xI2-inch belted engines, running 
at 325 revolutions per minute one and 
one-half hours per day, are used. These 


are old-timers ,with no provision at all 
get a little back, 
mostly by wiping out the governor-wheel 
after stopping and squeezing out the 


for saving oil; still we 


waste. 

Then we have three small pumps. and 
eight elevators requiring more or less oil, 
with none saved. We have no pipe sys- 
At one 
twenty-five 


tem, all oil being caught in cans. 

barrel of lasted 
but much lost by careless 
drawing from the barrel. A pump put 
in the top of the barrel lengthened its life 
to fifty days and adding other oiling con- 
veniences has increased it to one hundred 
and sixty-four days. I count Sundays in, 
as some is used, although we do not run 
engines if avoidable. 

Our oil does not look as nice 


time a oil 


days, was 


as Mr. 
Kellogg’s, as we do not filter it at all, but 
put it in glass battery jars and let it 
settle, skimming off the top. Much of the 
oil comes back mixed with water and in 
twenty-four hours the top is good enough 
to use again. We have no trouble with 
it passing the drop-feeds. 

I might add that the oil skimmed off is 
put in a large strainer from which oil is 
drawn from the top of the supply, which 
gives it further time to clear and settle. 

I spread this letter out more than I 
intended to, but the subject is of interest 
to me and, I hope. to others. 

Lieb. 


New York, N. Y. 
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A Self-closing Water Gage 


A device for closing the valves of the 
common type of water gage when the glass 
is blown out may be easily constructed by 
any engineer in the manner shown in the 
accompanying sketches. It will probably 
not have the appearance of a factory-made 
device, although it will give equal service 
Only a short explanation will be neces- 
sary. 

The semi-circular bonnet C is formed 
from sheet metal of sufficient stiffness to 
retain its shape. This bonnet is pivoted 
on one of the guard-rods as shown at a, 
and encircles the half way, with 
the prong k passing inside of the guard- 


glass 
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in order to give leverage sufficient to oper- 


ate the valves. The amount of weight 
may be regulated as required. 

The cords are left so they will each be 
taut when the valves are wide open. Small 
weights 1h might be placed on each cord 
to cause them to wind properly on the 
wheels when opening and closing the 
valves by hand. As the force of the steam 
throws the bonnet out, the wire is re- 
leased and the weight closes the valves. 

G. M. VANCE. 

North Bend, Neb. 





Babbitting Boxes 


Not long ago I was called to do some 
work on a small engine in which the 


quarter-boxes had melted out. I found 
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DETAILS OF SELF-CLOSING WATER GAGE 
rod on the opposite side at b, and through 
the hole in the piece 1. The wire m hold- 
ing the weight g is held by this prong 
between the rod and piece /. 

The wheels dd on the valve-stems may 
be turned from wood and split in halves 
and again clamped to the stem by screws, 
with a screw passing through them to 
prevent turning. These wheels should be 
as large as or larger than the hand-wheels, 











Detail at b 





if 
— 
the shait or bearing larger in the center 
than at each end, which would make a 
bad fit on a new bearing. I used fire- 
clay for backing and tin ior liners and 
was very careful to get the boxes set 
properly before pouring the metal. 

The wedge box was the one that took 
the most care. I put it in its proper 
place with a small wire around it, passed 
the wire around the frame and_ then 
twisted the wire up tight to hold the box 
firm. By taking pains I got a good job, 
and after I explained to the company 
that the boxes I ran, and which con- 
formed to the shape of the journal, were 
better than new bored boxes would have 
been, they agreed with me, but it was 
hard to get $5 for the job. 

Not long ago in the plant where I was 
employed a big hanger box broke and the 
foreman said it could not be fixed, but 
I got two pieces of angle-iron, which 
would cost about 25 cents, and in twe 
hours I had them riveted on the frame. 
This job saved the company $13, and a 
few such jobs make a big showing in a 
little while. 

Joun BERKLEY. 

Homer, II. 
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Indicating Attachments on Pumps 
- and Feed-valves 


In boiler rooms where the feed-pump 
is run constantly, it.is common to see a 
mark of some kind on the throttle, placed 
there by the foreman to enable him to 
quickly change the speed of the pump to 
suit the demand. A better scheme is to 
take an old file and drive a handle firmly 
on it, and fasten it to the throttle as 
shown at B, Fig. 1. Very small changes 
in the speed of the pump can be easily 
this handle, and it 


made by means of 


Le 








FIG. I. .T HROTTLE 


SHOWING 


HANDLE 
VALVE 


ON 


makes a good mark without burning the 
hands. 

In plants where the fireman has more 
than one boiler to care for and where the 
feed-line is suitably situated, it would be 
a good idea to replace the globe valve 
commonly used in the feed-line, by a stop- 
cock with a long red handle as shown at 
A, Fig. 2. The fireman can then see from 
any part of the boiler room how many 
feed-valves are open by the position of 
their handles, and there will be less dan- 
ger of his getting them all shut at once. 
This scheme the feed-valve for 
each boiler to be more accurately set. 


allows 


Feed-pump regulators which maintain a 
constant water level are good things, as 
rule, but in power plants having insuffi- 
cient boiler power, the fireman sometimes 
has to pump in a good supply of water 
and use it as a sort of fly-wheel to help 
over the peak of the load. Firemen will 
inderstand what I mean by this, even if 
obody else does. Of course it depends 
on the type of boiler how far this can be 
carried. Some boilers will carry higher 
iter, without priming, than others. 


H. L. Turner. 


Goldfield, Colo. 
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Backwoods Engineering 


During nearly twenty years’ experience 
in the engineering business, many of them 
spent in isolated country plants far re 
moved from a source of supplies, it has 
frequently been necessary to adopt the 
most extreme measures in order to keep 
things running. 

\t one 
out of a boiler 


blew 
No 


spare ones were at hand and the remain 


the manhole gasket 


in a backwoods mill. 


time 


ing boilers were not large enough to car 
ry the load. 


In looking around the place, 
found a piece of 24-inch rubber belting, 
split it to bring it to the right thickness 


and cut a gasket. The accident happened 
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FIG. 2. USING STRAIGHT-WAY COCK FOR 


FEED-V ALVE 


10 minutes before quitting time, and the 
next morning the plant was running as 
usual. 

In one instance I used a rubber boot- 
for a hand-hole gasket on a _ boiler 
pounds 


leg 


carrying 75 pressure. I would 
caution anyone using such emergency gas- 
kets, not to get the stock too thick. 
W. E. CHANDLER. 
Groton, Mass. 


How Should Fuel Gas be Metered 
and Charged For? 


“Gas Meter,” in the March 31 number, 
page 503, says that the gas comes direct 
to the meter from the main, by a 1'-inch 
pipe, and from there on, in a 2-inch pipe 
As it comes from the main, it comes in a 
compressed state, and after passing the 
Now 


this per cent. is what the gas company ari 


meter it expands a certain per cent. 


charging him for and they are treating 
him fairly in so doing. 

Gas, like air, may be compressed into a 
small space; and if it passes through the 
meter in this state every time the meter 
registers one cubic foot, enough gas will 
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pass through to make one cubic foot and 
a fraction over when it is expanded down 
regular service pressure. 

DANIEL CHITTENDEN. 


to the 


Brantford, Ont., Can 





Setting Slide Valves to Run Under 


| have 
“Setting 
by P. E. 
The Engineer, 
the 


much interested in the 
Slide Valves to Run 
Merriam, in the March 
but 


bee 1 
article 

Under,” 
16 number of with all 


duc writer, | beg to 


that 


respect to 
[I do not 


“other method” of setting 


say 
altogether agree with him in 
an eccentric 
I beli Ve 


the manner he explains is misleading 


his 
to make an engine run under, as 
witl 


In order to show where | disagre« 


the method explained, I will quote a few 
words from the article in question, as fol- 
lows: ‘Many engineers think that for an 
) run under, the eccentric position 


the shaft 


engine t 


should be exactly opposite on 


from its position to run over. The proper 


position for the eccentric is approximately 
the direction of 


one-fourth revolution in 


rotation from the position required to 
run over.” And I agree with him here. 
but, farther on, Mr. Merriam explains 
“another method” to do the same thing 1 
a different manner; but I am greatly in 


doubt whether it will have the 


sults 


same ré 
the paragraph about this 

the 
eccentric oc- 
Now 


gland. 


Let me quote 


“other method” put engine 
in such a position that the 

dead 
the 


Turn engine until the eccentric is on the 


cupies one of its centers 


mak« mark on stuffine-box 


other dead center and make another mark 


the valve-stem in line with the gland. 


Now lo the pull it 
around the shaft until the first mark comes 


on 
sen eccentric and 
even with the face of the gland and se 
cure the 
‘Now 


with the method, for I claim that by “pull 


eccentric.” 


this is just where I do not agree 


ing the eccentric around the shaft to the 
first mark” it will place it exactly oppo- 


site to its first position; and unless the 


valve has no lap the engine will not run 


properly. Furthermore, the statement is 


in contradiction with the first paragraph, 
unless I did not understand what was 
meant. 

In regard to the reversing of an engine 
beg 


to submit the following method, which I 


without opening the steam chest, | 
believe can be relied upon at any time: 
Turn the engine to head-end center (if 
cecentric leads crank) and make a mark 
on the valve-stem in line with a stationary 
Now loosen the eccentric and turn 
the shaft past the 
center, until the mark on the valve-stem is 


point 
it forward around 
again in line with the stationary point 
the eccentric in this position. 
\. L. Mertrup 


and secure 


Lowell, Mass 
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Does It Pay to Be an Engineer? 


I have been much interested in the 
article in The Engineer on the question, 
“Does it pay to be an engineer?” and I 
notice there are many of the _ readers 
who think it does not pay, while others 
are just as positive that it does. As for 
myself I think that anything pays that 
supplies a man and his family with the 
necessities of life, but I do not think that 
engineering pays what it ought to when 
compared with other trades requiring and 
demanding an equal amount of intelli- 
gence and study and hours of work. The 
question arises: What is the reason that 
so many men are working today for a 
salary a little, if any, larger than what 
ordinary labor receives? 

There is no doubt a great many em 
ployers are so blind to their own 
interests that rather than pay a compe- 
tent man reasonable wages, they will hire 
the cheap man in order to save a few 
dollars, which they will lose many times 
over in lower efficiency and greater cost 
in supplies. 

But on the other hand, there is no 
doubt in my mind but that a great many 
men could and would receive more wages 
if the case would be presented to thei 
employers in the proper way, many men 
not asking at all, thinking it of no use, and 
others going at it in the wrong way 
Among the latter class I found a numbe1 
of engineers, and all good men, who 
thought that on account of increase in 
work they ought to have better pay, and 
no doubt a raise would have been forth- 
coming if properly asked for, but thei: 
spokesman informed the chief that he 
would be blankety blank, etc, if he 
would do the extra work for the salary 
he was receiving. The chief told me if 
the matter had been properly presented 
the management would, without a doubt, 
have granted an increase; and so a great 
many instances could be cited where the 
men are to blame to a great extent. 

Some of the correspondents say: “Or- 
ganize and better wages will be forth- 
coming.” This is not always the case, as 
an organization is nothing more or less 
than what the individual members make 
it, and if the member as an individual 
does not have the proper spirit the or- 
ganization will lack its effectiveness. 

A feature of the controversy that re- 
ceived but little attention in the letters 
appearing in the above paper, is the length 
of time the average engineers are com- 
pelled to work. I believe this question is 
of equal if not of greater importance than 
the question of wages. When a man 
must work 12 hours or more a day and 7 
days a week, it seems that that is too 
much: at any wage, and, if any engineer 
can find a solution to this question and 
enable the “boys” to spend a part of their 
time with their families, instead of coming 
home to catch a little sleep and get their 
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lunch boxes packed for another 12 hours, 
that man would certainly be a philanthro- 
pist and a human benefactor. 
G. C. BRanp. 
Findlay, O. 





Feeding Water into a Boiler 





Some years ago I was running an over- 
loaded engine, 16x22-inch, 125 revolu- 
tions per minute, with one boiler 64 
inches by 16 feet; we had exceptionally 
good draft, but it required hard firing to 
drive the engine. The nature of the 
work was so varied that sometimes we 
had to use cord-wood to make steam; 
at other times we had to abuse the boiler 
by turning it into a refuse burner. On 
such occasions we used two firemen, and 
a pipe bleeder. We carried 95 pounds of 
steam, the limit allowed by the Hartford 
Insurance Company. 

One day a man came to me and wanted 
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to sell what he called a spray boiler- 
feed. 
but similar to a small rotary lawn-sprink- 
ler. It was to be placed in the steam 
space of the boiler, where of course it 
would be perfectly balanced, and there- 
fore rotate freely, throwing the water in- 
to the dry steam. 

We finally installed the spray feed and 
found it to be a fuel and labor saver. 

In putting it in, we did not change the 
old system which fed into the mud-drum. 
For feeding the boiler there was a Blake 
pump taking water from an Armstrong 
heater, and also a Hancock inspirator. 
With one or both of these we could pump 
water into the top or bottom of the boil- 
er or into both places at once. 

When we had to use cord-wood we 
used the top feed. When we used the 


boiler for a refuse burner, we pumped in- 
to the mud-drum, and used the inspirator. 

The spray machine broke and the chief 
engineer of a 


neighboring plant sug- 


It was a machine much stronger, 
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gested the plan shown in the accompany- 
ing sketch, which I think is a great im- 
provement. The water runs into the re- 
ceiving vessel, fills up and flows over the 
top all around the circumference, thus 
exposing the water in a thin sheet to the 
intense heat of the dry steam. 

By this means it becomes highly heated 
before coming in contact with either the 
tubes or sheets of the boiler, thus avoid- 
ing unequal expansion. 

J. W. Power. 

Flagstaff, Ariz. 





Oil Fuel in Portable Boiler 





who have used, or are 
now using fuel oil, explain what ar- 
rangement of brickwork, if any, they 
adopt when using oil in the fire-box of a 
portable boiler? Also give an explana- 
tion of the style of burner. 

A. H. Gorr. 


Will some 


Sanger, Tex. 





A Peculiar Accident 





In a large pumping station in which the 
writer is one of the operating force, an 
accident occurred to a tandem-compound 
duplex, heavy-duty pumping engine, work- 
ing under an initial steam pressure of 
125 pounds per square inch; the cylinders 
being covered with asbestos lagging and 
russia-iron jackets. To add to the ap- 
pearance of the engine, as well as to 
prevent loss by radiation, the heads of 
the high-pressure cylinders are provided 
with a finished cast-iron cap, or false 
head, held in place by a %%-inch cap- 
screw, threaded into a boss on the main 
cylinder-head. 

The cavity under this cap having first 
been filled with asbestos cement, the 
evaporation of the moisture contained 
in the latter due to the heat from the 
steam within the cylinder, caused a rise 
of pressure between the cap and the cyl- 
inder-head, which was sufficient to blow 
off the cap with terrific force. I had just 
stepped by this particular head, thus nar- 
rowly escaping serious injury, as it hit 
a 1%-inch pipe guard-rail, two feet away, 
with sufficient force to. bend it to a con- 
siderable extent. 

The engine at the time was in charge 
of the erecting engineer; and after the 
accident, to guard against a similar one in 
the future, he had drilled in the bottom 
of these false heads, two ™%-inch holes, 
to allow the free escape of any steam 
that might collect in this cavity from any 
cause. The false head in this case was, 
of course, a very neat fit over the cylin- 
der-head, but I would advise as a matter 
of precaution that all head covers of this 
kind be provided with vents. 

F. M. ZIMMERMAN. 

Pittsburg, Penn. 
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Belt Slippage on Large and 
Small Pulleys 





In designing a cloth-dyeing machine 
where the same surface speed in all of 
the different parts was required and where 
the conditions would not permit anything 
but a belt-drive, I found it necessary to 
drive from a 5-inch diameter to an 18- 
inch diameter pulley, which the chief en- 
gineer said would be all right, and quoted 
Morin’s second law of friction which is 
as follows: “The coefficient of friction 
and total friction are independent of the 
areas in contact, so long as the total 
pressure between the two rubbing bodies 
is constant.” 

However, when the test was made the 
slippage was excessive on the small pulley. 
By a radical change of the drive to a 
14-inch diameter driver driving an 18- 
inch diameter driven pulley, the slippage 
was overcome almost entirely. 


POWER 


There are other authorities of the same 
opinion as those quoted; but the above 
statements are so to the point that others 
seem unnecessary. 

After investigation theory seems to 
correspond with practice here too; how- 
ever, if I am wrong in any way, I would 
appreciate being put right by some reader. 

R. P. Rounps. 

Salem, N. C. 





A Water Heater and Muffler for Ex- 
plosive Engine 





For convenience in the plant or shop 
where gas, gasolene or other explosive 
engine is used, a water-heating system 
should be connected so as to come in con- 
tact with the hot exhaust gases and thus 
always have a tank of hot water for wash- 
ing or other purposes. The method of 
construction may be somewhat different 
from the accompanying sketch, according 
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CROSS-SECTION OF HOME-MADE HEATER AND MUFFLER 
to conditions. The one which the cut 


After the two tests and the apparent 
contradiction of theory and practice by 
the excessive slippage on the small pulley, 
I began to look for an explanation, and 


I think that I have found one in the 
following statements from trustworthy 
authorities. 


The Encyclopedia Americana says of 
Morin’s laws: “These laws are now 
known to be exceedingly imperfect. Mo- 
rin gave them for ordinary conditions of 
Shafting and journals. It is now certain 
that they cannot be assumed to apply 
under other conditions.” 

The New American Cyclopedia says: 
“The exceptions (to the general laws) 
some increase the rubbing 
surfaces under the same-total pressure are 
very greatly extended, or when 


are, when 


either 


Surface is comparatively soft” (as in the 
case of belts); “and considerable lessen- 
ing of friction when, the bodies being very 
hard, the rubbing surface is made very 
small, as in the runners of skates on ice.” 





square 


represents and which has given good ser- 
vice for two years, was constructed of a 
piece of cast-iron column 10 inches in 
diameter and cut 16 inches long, with two 
pieces of cast-iron foot-plates 
clamped across each end by six %-inch 
bolts. Holes were drilled and tapped for 
the exhaust inlet and outlet; the two fer 


- the water pipes at i were drilled and two 


holes to correspond with them were drilled 
through an old cast-iron tea-kettle lid. 
The space in the hollow of the lid was 
filled with asbestos fiber and the cap- 
screws screwed down, making a service- 
able stuffing-box. The interior of the 
cylinder was filled with cobblestones from 
the size of an egg to the size of one’s 
fist. These were packed tightly about the 
coil and answer for absorbing and deliv- 
ering heat to the pipes; also as a muf- 
fler. 

The piping must be connected to the 
tank with as great a vertical distance as 
possible to insure circulation, The pipe 
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used for this one was %-inch common 
black gas-pipe. The tank held seven gal- 
lons and heated water to the boiling point. 
A cover for the tank weighted so as to 
create a little pressure will quicken the 
heating. This size was used for an 8- 
horse-power engine. 
G. Mains. 
North Bend, Ind. 





Water-tube Boilers 





Mr. Noble in the March 31 number, 
page 503, asks some pertinent questions 
on water-tube and fire-tube boilers. Re- 
garding explosions in the former type of 
boiler, if he will turn back just six years 
in his files of Power, he will find an in- 
teresting account of a boiler explosion 
which took place just two blocks from 
where I am writing. 

The whole evidence was summed up in 
an able manner and I would refer him to 
the discussion of causes and effects. I 
call to mind one other explosion in this 
city, but the one first referred to had 
several unusual phases, one of which was, 
that the boilers were of a type which 
had hitherto been considered absolutely 
non-explosive. 

A good engineer can have no prejudice, 
so I think all will say that each type of 
boiler has its good points. Personally, I 
would not install a water-tube boiler of 
less than 200-horse-power, nor would I 
install a shell boiler more than 66 inches 
in diameter or 20 feet long. For a coal 
mine, 6-inch flues, or larger, seem to be 
the most popular size, with usually not 
more than 8o-horse-power in a_ single 
unit. 

In the matter of cleaning, there is a 
great difference among water-tube boilers, 
but the statement that 500 per cent. more 
work is required on them than on shell 
boilers, is overestimated. 

The claim for less floor space is cor- 
rect, but what about head room? In one 
building in this city, it was found neces- 
sary to install Galloway boilers on ac- 
count of limited vertical space; no water- 
tube boiler being found which would go 
into 8 feet of hight. 

Regarding cast-iron headers, a friend 
of mine has 1500 horse-power of boilers 
equipped with them, and says that in 
nine years they have given no trouble. 

As to high pressure, the river steamers 
have been carrying 200 pounds on shell 
boilers for many years and if anyone 
wants a boiler of, say, 80 horse-power ca- 
pacity to carry that pressure, I should 
recommend a_ horizontal return-tubular 
of standard dimensions and butt-strapped 
joints with 15/32-inch plates. 

Mr. Noble has started a good subject 
for discussion which I hope will meet 
with response from readers. 

LeRoy BAKER. 

St. Louis, Mo. 
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Trouble Due to Worn Catch-blocks 


An engineer friend of mine had trouble 
which he said was caused by a loose main 
belt. The belt would carry a heavy load 
all right, but when the load was thrown 
off it would flap and jump, and nearly 
run off the driven pulley. 

I called around to see the belt just be- 
fore the load was thrown off for the noon 
hour and noticed that as the load went 
off, the head-end valve on the high-pres- 
sure side of the engine missed hooking up 
every revolution or two; so when the en- 
gine was shut down I took off the hook- 
plate and turned it around to a new edge. 
After this there was no further trouble 
with the belt. 

THOMAS SHEEHAN. 

Pittsfield, Mass. 





The Belt Problem 





Referring to “The Belt Problem,” on 
page 163 of the January 15 number of 
The Engineer, the 72-inch pulley drives 
the 19-inch by means of the 15-inch belt. 
Its lower side is tight and its upper side 
slack. The 12-inch belt is just the re 
verse, which points to the small pulley 
as being the driver of this belt. One 
revolution of the 72-inch pulley gives 
3.784 revolutions of the 19-inch pulley. 
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15-inch belt holds the g2-inch pulley at 
one revolution. Hence, the 12-inch belt 
must strain and slip or break. I would 
suggest a stronger term than “dickens” to 
express its tightness. 
G. B. Massey. 
Watertown, N. Y. 


Interesting Engine Repair 





The accompanying sketches show how a 
high-speed engine was kept running; in 
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FIG. 2. END VIEW 


fact it is still running with the harness 
on. The piston broke and knocked the 
cylinder-head off, cracking the cylinder as 
Studs were put in at 
points .1 and B, and the crack was filled 


shown in Fig. Tf. 
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rive fpr two months, so it was money 
saved. 


VISITOR. 
Kansas City, Mo. 





Wash for Fire-brick 





In reply to “F. A. M.,” in the February 


15 number of The Engineer, I would 
suggest -as a wash for fire-brick, one 
pound of salt to a pail of water, mixed 
with fire-clay and applied as a whitewash. 
It is used in furnaces to give the bricks 
a glaze and keep carbon from collecting 
on the walls. 


J. Harrison. 
Chicago, IIl. 





Comment on Diagrams 


Regarding the diagram from the Bates 
Corliss engine, shown in the February 1 
number of The Engineer, will say that 
the cut-off should be equalized; and as 
the pressure does not rise to the same 
hight on each end, it leads me to believe 
that the indicator valves might not have 
been wide open when taking the corres- 
ponding ends of the card. I would ad- 
vise the use of a three-way cock if one 
is not already in use. 

If the engine is running smoothly, I 
would decrease the compression on each 
end, and use a 45-pound spring. I figure 
the indicated horse-power of the engine 
as 282.86. 

The Fitchburg diagram shown in the 
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Now assume the 15-inch belt to be 3 
inch thick; then one revolution of the 


outer surface of the belt where it passes 
over the 72-inch pulley, gives 3.683 revo- 
lutions of the outer surface of the 15-inch 
belt about the 19-inch pulley. Therefore, 
3.784 revolutions of the 19-inch pulley, 
would cause 1.027 revolutions of the 72- 
inch pulley, if it possibly could; but the 
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SHOWING CYLINDER SIDE 


was then shrunk on over the studs and 
the 2-inch rods shown were put on, with 


two 2-inch square bars placed across the 
head as shown in Fig. 2, and the nuts 
tightened up. Figure 3 shows the steam- 
chest side and the method of placing the 
harness so as not to interfere with the 
valve-rod. It took two days to do the 
job, and the new cylinder did not. ar- 
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FIG. 3. STEAM-CHEST SIDE 


same letter should also have the cut-off 
equalized. The wavy lines indicate water 
or excessive condensation in the cylinder. 
The indicated horse-power figures 313.01. 
I would advise the use of a 40-pound 
spring on this engine under the conditions 
named. 


J. E. Smirn. 


St. Joseph, Mo. 
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Angularity of the Connecting-rod 





To illustrate the effect of angularity of 
the connecting-rod, start from the point 
O in the figure, and describe a circle with 
a radius of 1 inch. This radius is chosen 
as a matter of convenience only, as any 
other would serve as well. The circle 
represents the path of the crank-pin of 
an engine. Draw the line P P’ through 
the center O, and at any convenient angle 
to the horizontal line as shown; /? O and 
P’'O represent the crank in two differ- 
ent positions. The diameter of the circle, 
which is 2 inches, also and 
equals the stroke of the piston. Now 
make choice of a connecting-rod which 
shall be 2% times as long as the stroke, 
or 2% X2=5 inches. This figure also is 
chosen as a matter of convenience, as any 
other (within reason, of course) would 
serve as well. 

From the point J, which 
the head-end center, measure off 5 inches 
on the horizontal line to the right. This 
locates the point L. ML 
equals the length of the connecting-rod. 
In the same manner measure off 5 inches 
from the point N’ on the horizontal line 
to the right. This locates the point K. 
The distance K L is the same as N M, 
2 inches, and represents the stroke of the 
crosshead, which may also represent the 
stroke of the piston, because both cross- 
head and piston move through the same 
distance. 

When the crank-pin is on the crank- 
end center at N, the crosshead wrist-pin 
is at K; and when the crank-pin is at 
the head-end center at 1/, the crosshead 
wrist-pin is at L. 


represents 


represents 


The distance 


Tf it were not for the effect of angular- 
ity of connecting-rod, the corresponding 
piston positions for the crank positions 
PO and P’ O would be E and EF’, as found 
by projecting the point P downward to 
the horizontal center line, and the point 
P’ upward to it. Both lines ? E and P’ EF’ 
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are at right angles to the horizontal cen- 


ter-line. Measurements will prove that 
the distances NE’ equals the distance 
M E. 


Measure off and locate from the point 
L, the distance L1, and from the point K 
the distance K2; these distances to be 
the same as NE’ and ME. The poirits 
I and 2 represent where the crosshead 
Wrist-pin would be, corresponding to the 
crank-pin positions ? and P’ if angular- 
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not affect the 
By drawing in the connecting-rod 
as shown in the figure, using the given 
5 inches length, it will be seen that, in- 
stead of the crosshead wrist-pin being at 
points 1 and 2, as it should be in order 
to equalize matters, it will be at QO and Q’, 
respectively; that is, the rod has been 
drawn away from point I to point Q in 
order that the other end of the rod con- 
nects to the crank P. 

Imagine the rod to be disconnected at 
P, and allowed to swing to the horizontal 
center-line, as shown by the arc; then the 
distance between where the arc intersects 
the horizontal line and the point FE, wil 
equal the distance Q1. If the crosshead 
pin had remained at point 1 instead of 
having been moved to Q, then the crank 
would have to be brought to the point 
where the the 
circle at point 3. 

A careful study of 
the measurements 


crosshead 


ity of connecting-rod did 


case. 


arc intersects crank-pin 
and 
the 


from 


figure 
that 
move 


the 
will show 
wrist-pin must 
point I to point Q, so that the other end 
of the rod will meet the crank. While it 
is true that the distance Et is equal to 


the length of the connecting-rod, so is 
the distance 3-1; but as the crank is at 
P, the rod must be drawn along to meet 
it, and as the length of the rod remains 
the same, the other end is at point Q. 

The same reasoning applies to the crank 
position P’, and distances K QO’ and Q’ 2, 
so there is no need to repeat it in the ex- 
planation. 

After the arrives at an 
understanding that the distances O 1 and 
QO’ 2 
have any difficulty in seeing that the end 
of the rod as represented by the points 
O and Q’, respectively, have been moved 


reader once 


must exist as explained, he will not 


from the points 1 and 2 in a direction 
from the end of the stroke L, and toward 
the other end of the stroke K; that is, 
both positions call for a moving of the 
rod in the same direction, so that, of a 
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necessity, the distance Lr is increased to 
L Q and the distance K2 must be de- 
creased to K Q’. It is to be remembered 
that K2 and Li are exactly equal, and it 
was known at the start that O L and K Q’ 
are not equal. From the foregoing ex- 
planation, and by careful measurement it 
will be seen that the difference between 
QL and K OQ’ is the distance Q’ 2 plus 
distance QT. 

The longer the connecting-rod would be 


007 


(or the shorter the crank), the less will 
be the distances Q’ 2 and Q1. The shorter 
the rod the 
same rod), the greater will become the 
distances VO’ 2 and Q 1. 

CHARLES J. MASON, 


(or longer the crank with 


Scranton, Penn. 


Horrible Example of Indicator 
Diagram 





The accompanying diagram was taken 
from a high-speed engine which was run- 
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CRITICISM INVITED 
ning very unsatisfactorily. Can any of 


your readers tell what is the matter? 
ELECTRICIAN 
Saugus, Mass. 





Cause of Leaky Tubes 


In the February 15 number of The En- 
gineer, page 247, J. 
his opinion, that leaky tubes are caused by 


©. Benetice gives, as 


pumping up with a low fire or allowing 
the draft to remain on when the boiler is 
not being fired. 


Mr. 


to such an opinion but chances are 


Senefice’s experience may have led 
that 
there were also other conditions tending 
When boilers 
are laid up for the night it is often the 
the then 
to lower 


to bring about such results. 
fire first 
the 
not 


custom to bank and 


pump up, steam 
and the writer has 


such 


pressure, 
heard of a case 


leaky 
On the contrary, he knows of a 


where practice has caused 
tubes. 
plant where this has been the practice for 
the last six years and not a leaking tube 
so far. 

On the other hand I fully agree with 
Mr. that 
filled with cold water after washing out, 
if hot the 
that when the boiler is fired up, all the 
tubes do not receive the same amount of 
hot Experiments with dry pine 
sticks in the tubes that in 
some tubes the stick will be charred in a 
short time, while in others they hardly 


Jenefice boilers should not be 


water is available, for reason 


gases. 


have shown 


show any effect from the heat. When 
filling up with hot water, the temperature 
difference will not be so great and un 


equal expansion will be correspondingly 
less. 
> R. CEDARBLOM. 


Chicago, Ill. 
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Bad Draft Due to Smokestack 





A few years ago the writer was oper- 
ating a plant, the boilers of which were 
being forced for a part of the day above 
their normal capacity. Our load con- 
sisted of electric lights, and during the 
peak it was nip and tuck to keep going. 
The owner would not install any more 
boilers, as he was figuring on a new, up- 
to-date plant, and did not want to spend 
a dollar more on the old one than was 
actually necessary to keep moving. Yet 
it was necessary to do something, as we 
had on about all the load we could carry. 

As our draft was poor, the writer ad- 
vised an extension of a few feet on the 
smokestack, which consisted of a 12-inch 
by 24-foot chimney, built in as part of 
the building and extending but a few feet 
above the roof. 

The owner was one of the kind who 
ask other engineers’ advice, rather than 
act upon the advice which he has already 
paid his owr engineer to have at his dis- 
posal. If the advice he got outside tal- 
lied with his own engineer’s advice, all 
was clear sailing; if not, the outside 
advice was usually heeded. 

In this case the writer had figured out 
the area of stack and the size of the ex- 
tension desired, as one 15 feet long by 
20 inches in diameter, with’ a hood to fit 
closely over the chimney and made of 
14-gage iron. 

About a week later the owner dropped 
in and said the stack had been ordered 
and that men were up on the roof put- 
ting it on. Well we heaved a big sigh 
of relief and supposed our worries were 
over. 

Later in the day, when it had become 
necessary to start the electric-light en- 
gine and we had begun to approach the 
regular time for our peak load, steam 
began to drop. As the draft seemed un- 
usually poor, the flues were cleaned and 
everything possible was done to increase 
the pressure. 

As the load came on things got no bet- 
ter fast and finally as the speed of the 
engine dropped to where the lights began 
to dim, the writer threw the lights onto 
the city service, which we had on the 
opposite side of a double-throw switch, 
and shut down the engine. At first glance, 
on investigating the new stack, everything 
looked O. K., the hood fitted the top of 
the chimney tight, etc., and in the uncer- 
tain light the only thing that looked sus- 
picious was that the hight seemed to be 
less than specified. 

As the burning of lights on city power 
was very much against the owner’s 
wishes, it being quite expensive, he had 
dropped in to see what the trouble was, 
and I found he had been advised “that a 
smaller stack, made of much lighter ma- 
terial, would be very much cheaper and 
just as good.” 

The consequence was that a piece of 
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stack 10 feet long by 12 inches in diam- 
eter, made of light iron, was ordered. 
As this choked up the draft worse than 
before, it was impossible to make steam. 

The next morning I was given full 
charge of all things mechanical in the 
plant, the ordering of supplies, etc., and 
was told to throw the old stack in the 
river or sell it to the junkman. 

J. C. Bares. 
Spirit Lake, Idaho. 





Experince with a Marsh Pump 

Some time ago I had an experience 
that may be of some interest. I am run- 
ning a 12 by. 16-inch non-condensing en- 
gine in a sawmill plant. Our steam supply 
consists of two 40-horse-power locomotive 
type boilers, fed by two injectors. Short- 
ly before I took charge of the plant the 
superintendent purchased an 8 and 5 by 
10-inch, high-pressure Marsh condensing 
pump to serve as a boiler feeder and also 
to use for fire protection. The pump had 
been in use at some previous time but was 
not much worn. The man in charge con- 
nected it up but could not get it to run 
and so abandoned it and used the injec- 
tors as before. After I came, I gave it 
as good an examination as I could, but as 
I had no previous experience with that 
kind of pump, I was unable to locate the 
trouble. Nevertheless I connected it and 
turned on the steam. It started off all 
right and continued to run as long as it 
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made that make it almost necessary to- 
do so, I would like to hear the opinion 
of readers as to whether the oil from 
the lubricator would be of sufficient quan- 
tity to do any harm. 
A. H. STANFIELD. 
Curtiss, Wis. 





Handy Kink for Draftsmen 





The accompanying sketch shows a very 
handy “kink” for drawing tables, to be 
attached, temporarily or permanently, to 
either the old-fashioned kind or to the 


Paper 


Wire rune 
lengthwise through 
Roll 





Wooden* 
Roll 


FIG. 3 


latest type of table. The handiest table 
is wide enough for 36-inch tracing or 
drawing cloth, and I have attached two 
Y%-inch iron-strap brackets under the 
overhanging ends, curved upward suff- 
ciently to hold the roll of cloth or paper. 
Strips an inch or an inch and a half wide 
are screwed on both ends of the table 
through 34-inch blocks, by means of long 
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was moving fast, but when I attempted to 
throttle it down to normal speed it re- 
fused to run. 

On investigation I finally found that 
the radial port in the cylinder-head was 
turned away from the other port the dis- 
tance of two studs. Whether it had been 
done through ignorance or carelessness I 
do not know, but it is needless to say I 
made a change which resulted in -the 
pump giving satisfaction ever since. 

I have never run the pump condensing 
on account of the oil getting into the 
feed-water, but as there have been changes 





screws, leaving slots about 34 inch wide, 
the width of the table. The cloth 
drawn off the roll suspended under the 
left-hand end, up through the slot, across 
the length of the table and downward 
through a similar slot to a wooden roller 
suspended by strap-iron brackets and 
screws, as before. The cloth or paper is 
held taut by a wire drawn through a slot 
in this roller, as shown in Fig. 3. The 
prospective and plan views, Figs. 1 and 
2, make all its advantages very plain. 
F. W. Martin. 


is 


New York City. 
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Isolated Station Records and Cost Accounting 


Interesting Description of the System of Cost Accounting Employed in a 
Large Private Isolated Plant at Chicago, with Charts and Diagrams 





BY 4G. 


In all power plants, public or private, 
an itemized record of costs is of vital 
importance for successful operation. The 
principal objects of keeping a systematic 
record are (1) to enable the owner to 
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te enable one to analyze easily the various 
changes in conditions of operation. 

The writer has in mind one plant in 
which a number of autographic pressure 
and temperature recorders were installed, 


TABLE 1. GENERAL INFORMATION. 


Type of building...... Office Ground plan....... 191x231 
Number of floors........ 18 Total office floor space, sq.ft 400,000 
Number of offices. 900 Hight of building. . . 280 
Volume of building, cu.ft. 10,860,000 No. of sides exposed . 3 
Type of. heating system. Webster Radiator surface, sq.ft . *100,000 
Engine room, sq.ft. ae ; 6,840 Boiler room, sq.ft... . 5,400 
Hight of chimney ae: 318 Number of elevators : 22 
Draft, inches of w ater. : 3.5 Type of elevators. High Pressure 
Hydraulic 
Kind of grate or stoker......... Pe aE Capacity of elevators, lb., each 2,700 
Bind of coal... ......+5. Ill. Screenings 
Coal storage capacity, tons...... 450 Boiler pressure. . 150 
Capacity ice plant, tons in 24 hrs 50 Back pressure. Atmospheric 
Cap. storage Cattery, am. hrs. None Part of bidg. lighted All 
Total cost of building. . $5,000,000 Total cost of mechanical plant $650,000 
Engines. Generators. Motors. Boilers. 
RP ed we SCI Rass iS seo PORTO HES Ball C ue. Cc 7 ker-W hee le r 
Men EMMIS 5 A, oss. oo senna ss eee 25 5 
PI RI cise cc hh bina) o0'0ihs.5 Oa mesa ame ae 250, h. p. 150 kw. 375 
LicuTs.* 

Incandescent. Arcs. 
aerial shy ects eis eae Kk GA wien nee eo Buckeye Enclosed 
Me PRM rs og Sob aidieninwaucgesiasa 30,000 3 
Maximum number lighted, pe pia MMM oooh ob cho pspiais cecheraginids 68 
Minimum number lighted, per cent. of total......................04.. 10 
Average number lighted, per cent. of total.............. Eee. 50 
ca rat eS he edt ak. 4°08 GV a NS a eA ESD ee RES 115 115 


&, *First National Bank building only. 
Company's building. 


compare the performances of his plant 
with current practice, and to show him 
exactly what his plant is costing, and (2) 
to enable the engineer to analyze the 
various expenditures with a view of re- 
ducing all losses to a minimum. Few 
engineers realize the importance of a de- 
tailed system of accounting, and the pos- 
sibility of effecting great savings in cost 
of operation by maintaining a daily record 
of performance. Many regard graphical 
load curves, meter readings and the like 
as interesting, but of little economic value. 

During the past five years, the writer 
has made a close study of the cost of 
power in a large number of central and 
isolated stations in Chicago, and has 
found that without a single exception the 
highest economy was effected by the engi- 
neers who kept the most systematic 
records. Conversely, the poorest results 
were obtained where no records were 
made, or where the various items were 
indifferently recorded. In some of the 
small plants the duties of the engineer 
were so numerous as to practically pro- 
hibit the keeping up of any system of 
records, but in the majority of cases the 
absence of records was due entirely to the 
engineers’ disinclination. The mere accu- 
mulation of records without a close study 
of the results is without purpose, as the 
main object of plotting performances is 


‘Light, power and heat are also furnished for American Trust 


along with a complete assortment of auto- 
graphic ammeters, voltmeters and _inte- 
grating wattmeters. The charts were 
faithfully filed away each day, and that 


was the last of them. No attempt was 


In large stations autographic recording 
and integrating appliances, which are to 
be found in nearly all strictly modern 
stations, represent but a small part of the 
first cost of the plant. They reduce the 
labor of keeping continuous records to 
minimum. In small plants the cost of 
autographic apparatus may prove to be 
prohibitive, but a _ sufficiently accurate 
record may be had by plotting the read 
ings of the indicating appliances, say 
every I5 or 30 minutes, or even once an 
hour, and by connecting the points with a 
straight line. The oftener the readings 
are taken the smaller will be the error. 

To maintain a system of records, for 
even a small plant, requires time and pa- 
tience, but the up-to-date engineer recog- 
nizes its value and does not begrudge the 
extra time. Considerable time must be 
devoted to testing and calibrating instru- 
ments, in addition to that required to 
record the results, if accuracy is desired. 
In small plants where the engineer’s time 
is taken up by multitudinous duties, con- 
tinuous daily readings are out of the 
question, and occasional readings must 
necessarily suffice. 

Records should contain not only the 
daily operation of the plant, but a com- 
plete analysis of each item of equipment, 
so that the exact size of any renewable 


TABLE 2 
BOILERS. 
N 2 MR St iclas ; ; stirli Type > j Jones 
lake of boiler. re Stirling Type of grate... } Underfeed 
Total number in plant... 5 Rated horse-power 37: 
Min. no. in use at one time. ; 3 Minimum load. . 100 
Max. no. in use at onetime. . 4 Maximum load.... 375 
Average load factor, % total. 60 Number in batte Ty 1 
Steam pressure, gage. 150 Weight of boiler.............".. 62,186 
Safety — pressure. . ; oat 160 Cost of boiler and fittings and foun- 
dation...*.... $5,400 

Type of safety eee ; Pop. Hight of setting. . 17 ft. 9 in. 
Area of grate, sq. ft., 7x12.. cat k 84 Length of setting... . 17 ft. 4’in. 
Heating sufrace, sq. ft. 3,500 Width of setting. . 15 ft. 3 in. 
Superheating surface, sq. ft ; None Weight of setting... : 272, 000 
Number of steam drums. a 3 Thickness of wall... .Side 20 in. ; back, 15 in. 
Diameter of steam drums.. : 36 No. of bricks, fire. : . 6, 500 
Distance, between steam drums. 3 No. of bricks, common....... 19,600 
Thickness of shell, in. q Dimensions of foundation. . 15 ft. 2in. x17 ft. 4 in. 
Thickness of head, in. 4 Material of foundation.....Stone and Concrete 
Diameter of steam nozzle, in. 10 Cost of foundation and setting. . $1,500 
Diameter of safety valve. .. 2—4in. Distance between batteries 4 ft. 6in. 
Diameter of blow off, in. 2. Distance back of boiler. . . 17 ft. 6 in. 
Diameter of feed pipe, in........ : 2 Distance in front of boiler 16 ft. 6 in. 
Temperature of flue, deg. Fah..... 450-490 Distance overhead. 2 ft. 10,in. 
Temperature of feed water, deg. Fah. 210 Number of tubes. 

Ratio of heating surface to grate area 41.6 


Kind of fuel....... Carterville, Ill., Screenings 


Distance between top of setting and main flue 


Diameter of tubes, in... £3.25 
Length of tubes, ft. 
Steam space, cu.ft 5-96 
Water space, cu.ft es (643 
Kind of draft Forced 
Inches of draft. 3.5 


» i B. 


Minimum distance from grate to shell or lower tubes, 3 ft. 
Distance between ‘top of bridge wall and shell or lower tubes, 16 in. 


made to note the effect of the different 
conditions. It is needless to state that 
data accumulated in this way are prac- 
tically useless and the cost of recording 
appliances is a dead loss. 


part may be obtained without having to 
dismantle and measure the apparatus. 
This divides the recording system into 
two parts: Permanent statistics and 
records of operation. The value of per- 
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manent statistics to the operating engi- 
neer is to a certain extent esthetic, but 
their real merit is becoming more and 


more evident in the modern plant. Not 
many years ago the operating engineer 
was content to run his plant without 


reference to the practice of his confreres, 
and he had little need for data pertaining 
detailed construction of his en- 
or generators, except for 
broken or 
pub- 


to the 
gines, boilers 
the occasional renewal 
worn-out part. Today, 
licity is the order of procedure, and the 
ngineer finds it greatly to his interests 
to have available at a moment’s notice the 
complete details of all of his machinery. 
The worth of operating records depends 
upon the daily operation of the plant, and 
the number of records depends upon the 
intervals at which readings are made. 
Some idea of the nature of the per- 
manent statistics and cost accounting for 
a modern isolated station may be obtained 
from the accompanying curves and ‘tables, 
which illustrate the practice in the power 
plant of the First National Bank build- 
ing, Chicago, Ill. The permanent statis- 


of a 
however, 
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TABLE 3. 










MAIN ENGINES. 


Make. at . Ball Engine Co. 
Tandem or cross compound. .Cross C ompound 
Number in plant . 5 
Rated horse-power : 250 
Average load. . 220 
Minimum load 100 
Maximum load. 315 


Best economy, lb. per h. p. DIR cs, 22 
Average economy, lb. per h. - hr. 


Steam pressure, gage... 150 
Receiver pressure, gage 40 
Exhaust pressure. Ie . Atmospheric 
Piston speed, ft. per min 604 


Type of governor, Robb-Armst rong-Sweet 
Speed variation, per cent 

Vel. steam entering H. P. cy linder 1200ft. per min. 
Type of safety stop ‘ None 


Diameter of cylinder, in 

Clearance, per cent , 

Steam pipe diameter, in 

Exhaust pipe diameter, in 

Area of the port opening, in... 
Diameter and length of main bearing, ‘in 
Diameter and length of cross head pin, in 
Diameter and length of crank pin, in. 
Diameter and length of main shaft 
Diameter of piston rod. ; 
Kind of piston packing. 

Size of piston packing. . 


Hight . er all, 13 
Width, 14 
Length, ti = 9 
Dimensions of foundation, ft 13.5x10.5 
Material of foundation Concrete 
Weight of engine, lb 50,0000 
Cost of engines and generators $45,00 
Stroke, in 16 
Revolutions per min 225 
Weight of heaviest part, lb 28,000 
R. P. M. of governor ; 225 
Diam. of fly-wheel, in 72 
Face of fly-wheel, in 16.75 
Weight of fly-wheel, Ib 4,000 
H.P L.P. 
14 22 
5 4.5 
5 7 
10 10 
10x1.7 75 14x2.5 
7x12 6x12 
4,3 4, 4 
ee Y fag 
a’, Sau ee "~ 14.5 5 tt. 
2.5 in. 2.5 in. 


Snap Ring Snap Ring 
gin. square § in. square 


Kind of rod packing . Metallic Metallic 

Area cross head surface, sq. in 144.5 144.5 
RECEIVER. 

peerage Mey. ‘ Pea 7 Diameter of heating coils None 

Length, 3.8 Length of heating coils. None 

Volume, “a ft 1.05 Sq. ft. of heating surface... None 

Diameter of drain pipe Lb. of steam condensed per hr None 


Diameter by pass pipe to L. P. cylinder, pone. 
Distance between center line of L. & H 


P. cylinders, in., 


29.5 


Distance between head end of cylinder and ceiling, ft., ; 
Distance from engine center line to steam inlet H. P. cylinder, bn., 5. 





4. 


MAIN GENERATORS. 


Make 

Number in the plant 

Voltage 

Amperage, rated 

Series, shunt or compound 
Revolutions per minute 

Rated output, K. W 

Average output, K. W 

Minimum output, kK. W 

Maximum output, K. W 

Direct or alternating current 

Number of poles 

No. of sets of brushes. . 

Size of brushes, in. (5 brushes per set) 
Amp. per sq. in. contact, full load 
Area of contact of brushes, sq. in 
Dimensions over all, height, ft 
Dimensions over all, width, ft 
Dimensions over all, length, ft 

Weight of armature, Ib 
Weight of heaviest part, Ib 
Weight of complete machine, 
Length of shaft, ft 

Length of bearings, in 

Cost of engines and generators 
Cost of switchboard and wiring 


Ib 


Type of tield Multipolar } 
Type of armature Drum 
Diam. and length of commutator, in. 32x13.25 
. 

Number of segments 290 
Distance of shaft at middle, in. . 7.8 
Diameter of shaft in bearings, in 6 
Depth of air gap, in 4 ts 
Hight, shaft to top, in ‘ 10 


Screw Shift 


Method of shifting brushes 





and de- 





drawings 


tics include detailed 
scriptive tables pertaining to: 

The building—general data. 

The boiler room—Boilers, chimney, me- 
chanical - draft apparatus, feed - pumps, 
feed-water heaters, piping. 

The engine room—Engines, generators, 


switchboard, wiring, piping. 


The heating system—General data, 
steam piping, vacuum pump, air ducts, 
fans, thermostats and controls. 

The elevator system— General data, 
pumps, accumulators. 


The water system—Meters, 


pumps, house piping. 





filters, house 


Crocker-W heeler 
» 

112 
1,200 
Compound 
~-_) 

150 
135 
50 
215 
Direct 


1,970 
10,000 
16,800 

14.5 

12.5 

$45,000 
$100,000 


Dimensions of armature; diam., 

length 39.5 in., 24 ins 
Peripheral speed, armature, ft. per 

min. 2,326 
Peripheral speed commutator, ft. 

per min 1,874 
Dimensions of pole faces, in... 14x12 
Distance between center of bearings. 
Distance between anghor bolts, in 52 
Lead, in és 














The house 
piping. 

The refrigerating sys 
piping. 

A few of the log forms are printed 
Tables 1 to 8 inclusive, and are typical of 


sewage system—Ejectors, 


tem—Compressors, 


the complete set. 

The operating records include: 

Charts showing the daily performance 
and boilers, evaporation test, 
refrigerating-plant 


of engines 
coal and ash 
performance, pneumatic 
stoker the elevator 
switchboard readings, and feed, 
elevator and auxiliary pumps. 
should also be kept a daily 
mentary 

Curves (daily, monthly 
showing kilowatt-hours, 
coal used for the heating system, 
ash, outside temperatures and live-steam 


records, 
blowers and 
engines, system, 
vacuum, 

There 
general com- 


yearly ) 
for 


and 
coal used 


power, 


hours. 


Tables and of 
detailed 


together 


(monthly 
up-keep, 


yearly) the 
expenditures 
with a 


cost and 


and credits, general 


resume. 





TABLE 5. 


FEED WATER HEATERS. 


Make 
Number in plant 
“Induction” or through heater 


Open 
Webster Star Vacuun 
9 


Inductio! 


Rated horse-power. . . 1,400 
Pounds of water heated per hour, average 20,000 Ib 
Hight. 8 ft. 3 in. 
Length 4 ft. 7.2in. 
Width 4{t.7.2in 
Diameter steam inlet, in 16 
Diameter outlet, in 6 
Diameter, returns inlet, in 5 
Diameter cold water inlet, in 2.5 
Diameter, blow off, in 3 
Diameter, overfiow, in 5 
Temperature of entering steam, average, deg. Fah.. 217 
Temperature of condensed steam, average, deg. Fah : 210 
Temperature of entering feed water, average, deg. Fah 55 
Temperature of entering returns, average, deg. Fah.. . 165 
Temperature of leaving feed water, average, Se Fah. 210 
Number of trays 14 
Area of trays, sq.ft. 21 
$700 


Cost of heaters, each 
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+ TABLE 


GENERAL Data—* Direct’? HEATING. 

System installed by Warren Webster Co. Ground plan of building, sq.ft. $2,500 
Square feet of radiating surface, H.S. 100,000 Volume of building, cu.ft 12,800,000 
“One” or ‘“‘two pipe”’ system. Two Exposed wall surface, sq.ft 230,000 
Basement or attic distribution Basement Window surface, sq.ft 100,000 

Diameter of exhaust main, in 16 Exposure—North, South, East or 
West N, S and E 

Radiator locations, under en | ° 

at inner walls Under Windows Material of exposed walls Granite 
; ; f Johnson ) 
System of temperature regulation. ) Thermo- \ Thickness of exposed walls, in 24 

static 
Maximum diameter of risers, in. > Sq.ft. H. 8. per cu.ft., outside oftices 1 to 40 
Maximum diameter of returns, in. 1.5 Sq.ft. H. S. per cu.ft., inside offices. 1 to 140 
Maximum back pressure, Ib. absolute 16 Sq.ft. H. 8. per cu.ft., upper halls None 
Minimum back pressure, Ib. absolute 11 Sq.ft. H. 8. per cu.ft., main corridor None 
Size of vacuum pumps... 2—10, 18x24 Capacity of return tank, gal 52.5 
TABLE 7. 
ELEVATORS—GENERAL DATA. 

Iype.. Hydraulic Up speed, loaded, feet per minute 350 
Made by Otis Elevator Co. Up speed, empty, feet per minute 500 
Number in plant 22 Down speed, loaded, feet per minute 500 
Rated carrying capacity, lb 2,700 Down speed, empty, feet per minute 500 
Dimensions of cage 
Total lift, feet 260 Passengers per day, average* 30,000 
No. of trips per hr, all elevators 300 Passengers per car mile 100 
Car miles per day 300 Cost of elevator system $130,000 
Cost of operation, per car mile, cents 8 *Sundays and holidays not included. 


Type 

Make 

Number of cylinders 

Rated horse-power 

Average power consumed, h. p. 
Hight to top of fly-wheel, ft 
Length, - 

Width, 

sean he dimensions, ft 
Weight, 16 

Cost 

Diameter of cylinders, 

Stroke, in 

Displacement pe r stroke, cu.ft. per ram 
No. of strokes per min 
Diameter inlet pipe. 

Diameter discharge pipe. 
Diameter of drains 

Character of valves 
Number of valves 

Area thro’ valve seats, sq.in 
Kind of piston packing 

Size of piston packing 

Kind of rod packing 

Size of rod packing 

Suction head, lb. per sq.in. 
Discharge head, lb. per sq. in 
Steam pressure, lb. per sq.in 
Exhaust pressure, lb.’ per sq.in 
Gallons per minute 

Cu.ft. per min 

Gallons per 24 hrs 


Outside 


PUMPs. 





—— No. 
Water End. Pom End. 
High-duty Comp’d Corliss 


No. 2. 

W ater End. Steam End. 

High-duty Comp'd Corliss 
Laidlaw-Dunn-Gordon 


Laidlaw-Dunn-Gordon 
3 3 





250 
225 
10 pump and engine 
26 pump and engine 
15.7 pump and engine 
23x16x6 pump and engine 
18,000 
$17,500 
7.5 
24 28 
0.6136 
50 
x 


‘ 


Brass Fiber Filled 
7: 


Pac ke - Plunger 
Me allie 


+ 128 
S50 
150 
1 
14.8 
1.84 
1,065,600 


Shop number 
TABLE §&. 
FEED PUMPs. 

Make snow Shop number 
Number in plant 2 Diameter of steam cylinder 

Diameter of water cylinder 

i Stroke 

Hight, ft. es 3 Displacement per stroke, cu.ft 
Length, ft 12 No. of strokes per min., average 
Width, ft se ae 4 Diameter of suction 

Diameter of discharge 
Weight of pump 5 tons Diameter of steam pipe 
Cost, each $965 Diameter of exhaust 
Steam pressure 150 Diameter of steam drips 
Back pressure 4 Diameter of water drains 
Number of valves 32 Suction head, lb. per sq. in 
Character of valves Rubber, brass lined Discharge head, lb. per sq.in 
Area thro’ valve seats, sq.in., per Kind of piston packing. . Outside 

pump 12.13 Size of piston packing 

Gallons of water per min., per pump SOO Kind of rod packing 


Pounds of water per 24 hrs., 
actual 


average, 
179,400 


Gallons of water per 24 hrs 599.2 
Volume of air chamber, cu.ft 3 
TABLE YEARLY 


Machine Repaired. 


No. 1 engine 

No. 2 engine 

No. 3 engine 

No. 4 engine 

No. 5 engine 

No. 1 elevator pump (9 months) 
No. 2 elevator pump (9 months) 
No. 3 elevator pump (9 months) 
No. 4 elevator pump (9 months) 
No. 1 and No. 2 auxiliary pumps 
No. 1 boiler feed pump 

No. 2 boiler feed pump 

No. 1 and No. 2 vacuum pumps 


an engine 
tefrigerating plant 
No.1 boiler 
” boiler 


(Continued in this manner throughout 


t 
Fotal... 


size of rod packing 


remperature of feed water 


COST SHEET—U P-KEEP. 
Cost of Material. Cost of Labor 

$8.76 $126.10 

6.74 62 

39.66 199 09 

30.19 68.12 

5.17 71.66 

32.81 S.5S 

10.55 4.31 

66.66 308.12 

79.41 210.15 

3.15 90. 25 

31.28 56.04 

19.25 27.70 

15.99 a9 .42 

15.02 66 .67 

198.40 283.89 

44.66 222.91 

111.72 290.25 


year for entire mechanical plant. ) 


$5,209 6S $6,432.34 


Ort teed  —— - 


Total Cost. 





0 5a 


54 


packed plunger 


Soft 


214 


$134 


$11.6 


S4 
238 
9S 
76 
1 
17 
374 
289 
93 


86 
26 


io 
31 

&3 
39 
S6 
7s 
56 


40 


02 
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Charts I, 2, 


3, 4 and 5 herewith are ab- 


stracts from a few of the operating 
charts, and give an idea of the various 
factors which are recorded. It will be 
TABLE 10. MONTHLY STATEMENT 
DECEMBER, 1907. 
Expenditures 
Coal bill $3,650. 29 
Ash cartage 213.50 
Water bill 277. 20 H 
Elevator sup. and rep 403.00 
Engine room sup. and rep 9.01 
Boiler room sup. and rep.. 34.58 
Oil, waste and grease 107.13 
Packings 79.87 
Electrical supplies 91.71 
Machine shop sup 12.40 
Refrigerating sup 55.00 
Steam fitting sup 32.40 
Steam heating sup. 42.80 
Plumbing sup 29.08 
Lamps 156.80 
Wages 2,146.06 
Petty expense 1.25 
Office expense 61.50 
Doctor's bills 
Coal analysis 20.00 
$7,413.58 
Receipts from all sources 
light, heat and miscellany 7,598.15 
Profit $184.57 
TABLE 11. TOTAL YEARLY EXPENDI- 
TURE AND CREDITS, ALL ACCOUNTS. 
Expenditures 
Coal bill $34,567 . 27 
Ash cartage 2,075.83 


Water bill 3,535.75 


qn? 

Electrical sup. and rep 2,826.73 
Engine room = sup. and 

rep. 1,311.26 

Boiler room sup. and rep 1,316.50 

Oil, waste and grease 1,554.80 


Packings 727.01 


Electrical sup 1,189.95 
Machine shop sup 187.13 
Refrigerating sup 761.8 
Steam fitting 199.53 
Steam heat sup 110.20 
Plumbing sup 184.87 
Lamps 1,655, 22 
Wages 24,572.89 
Petty eXperse 24.62 
Office expense. , 186.55 
Doctor's bills 13.00 
Coal analysis 160.00 


$77,491.02 


Potal 


receipts from all 
sources power, heat, 
light and miscellany 71,435 
Net cost $6,055 
ABLE 12. GENERAL SUMMARY. 
JAN. 1, 1907, TO JAN. 1, 1908. 
Potal weight of coal burned, tons 14,956 


Total weight of water evaporated. 22,100,000 


Total electrical output, kw.-hr. 1,546,600 
Water actually evaporated per Ib. 
of coal as fired Wiaawe aus 6 
Evectric LicguT PLANT. 
(Cost of Power only 
Pounds of coal per kw.-hr. 6 


Cost of coal per kw.-hr., cents 0 
Cost of labor per kw.-hr., cents 0 
Cost of supplies per kw.-hr., cents 0 
Total, cents , l 
All expenses of entire plant 
charged against switchboard. 


Pounds of coal per kw.-hr 19 
Cost of coal per kw.-hr., cents 2 
Cost of labor per kw.-hr., cents l 
Cost of supplies per kw.-hr., cents ] 

Total, cents 5 

ELEVATOR PLAN’ 

Passengers handled 2,016,300 
Total car miles 92,700 
Cost of labor, per car mile, cents. 2 
Cost of material, per car mile, cents 3 
Cost of power,* per car mile, cents 3 

Total, cents s 


Approximate. 
scen that the performances of all parts 
the 


plant are at the immediate 


of the operating engineer and the 
of any change in operating conditions 
at once apparent. 
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effect 
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Date. 


December 1. 
December 1. 
December 1.... 
December 2... 
December 2 
December 2. 


Hours 
Date. Run. 
13 184 
14 184 
15 15 
16 124 


Date. Hours 


Run. 
1 8 
2 104 
3 16 
4 164 
5 0 
6 124 
Z 11 
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CHART 1. 


Coal, Lb. Ash, Lb. % Ash. 








. 
Poseet 1-inch valve on east end of steam receiver between trap and receiver 
mn. paper liner under disk of west L. P. link H. (McCall). 
Followed up on east L. P. plunger glands (McCall). 
beam pin and trunion bearing (Smith). 
up nuts on east and west ends of receiver (McCall.) 


ENGINE NO. 5 
Elect.-P.-hours, 


764.61 

1,631.09 
2,734.71 
2,506 . 56 


1,923.86 
1,677.21 


REFRIGERATING PLANT. DECEMBER, 


Tempt. 


Back Drinking Tempt. 


Water. 
0 


oo 


coooo 
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COAL AND ASH RECORD. Monta or D5CEMBER, 1907. 


Average 
Outside 
Tempera- 





ONT 


MONTH OF DECEMBER, 1907. 


REMARKS AND REPAIRS. 


MONTH OF DECEMBER, 
REMARKS AND REPAIRS.) 


all eames og once record). Smith. 
McCall. Cost per ton of coal. 
— —— at start. ? 
Meter reading at finish. 
Adjusted H. and L. P. Cu ft. of water evaporation 
s and welt -pin hanes. Smith. Total B. H. developed. . 
Total B. H. developed pe r boiler 
Boiler H.P. below rating.... 


Blew down oil separator and 
brine cooler. Filled oil Lb. of coal per kw.-hr., 
chamber on compressor. burned charged pes 
Smith. board. 

Average temperature of feed-water.. 

CO. during test. 

B. t. u. per lb. of coal (calorific valve) .. 

Theoretical evaporation per lb. of coal. 

Boiler and furnace efficiency 


Made and put in two new 
$x5} studs in brine pump. 
McCall. 








e. 
ez. Watch. Fireman, Engineer. 


12to 8 _Obrest Lehn 
8to 4 Kennedy /Yingling 


‘28° 4to12 Caine Y.andL. 


12to 8 Obrest Lehn 
8to 4 Kennedy Yingling 


26.6 4to12 Caine McCall 















1907. 


Cost of coal per B. H. P.-hr 
REMARKS AND REPAIRS. 


Blew down brine cooler and 


separator. Filled oil 


chamber on compressor. 
Smith. 
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DAILY KILOWATT-OUTPUT CURVES, DECEMBER, 1907 
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Peabody Coal Co. 
Peabody Coal Co. 
Peabody Coal Co. 
Peabody Coal Co. 
Peabody Coal Co. 
Peabody Coal Co. 








Date, May 10, 1907. 
Coal dealer, United States Coal Co. 
Kind of coal, Illinois soft coal. 
Name of coal, Harrisburg screenings. 
Hours on test... . 
Total lb. of water evaporated, actual 
Lb. of water per Ib. 
1907. conditions. ... 

Lb. of water per ib. of combustible . 
Lb. of coal burned. ‘ 
Lb. of ash removed . 
Per cent. ash.. : 
— per 1000 lb. ae re vaporation 






Total cost per B. H. P.-hr. 
Kw.-hr. generated. 


. toe 
Sow 
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Fig. 1 illustrates graphically the aver- 
age daily output; Fig. 2 shows the varia- 
tion in -electrical output for a_ bright 
summer day and a dark winter day, and 
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all the branches of the mechanical plant. 
The ‘charts and tables are self-explana- 

tory and require no further comment. 
The‘ writer is indebted to R. L. Davis, 























r - 7 - 
3,600} — + —, —|_t ee. (ej a StS 
5,500;——_-++ +p meme June -1,-1 907 4____ _____4 {#—_———_} _ 
5,4004— i + { } a Senne 


























1905 to 1908, inclusive. 
of curves of a similar 
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3. YEARLY KILOWATT-OUTPUT CURVES 


able, but those cited are characteristic of 
the lot. 

lables 9, 10, 11 and 12 give the monthly 
and yearly expenditures and credits for 








l { ) 6 7 8 ) 10 ll A3 l 2 3 4 i) 6 8 ’ 10 l le 
A.M. P.M. 
FIG. 2. DAILY-LOAD CURVES, AMPERE HOURS 
Fig. 3 shows the variation in load for manager of the First National Bank 


building, for permission to use data and 
material, and credit is due W. L. Jack- 
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Steam-pipe Failure at Lynn, Mass. 




















The 











power house at the corner of 
Broad and Washington streets, Lynn, 
Mass., was the scene of a steam-pipe 


break on Thursday, March 19, which -for- 
tunately was not attended by loss of life 
or hurt of limb. The steam pipe which 
failed ran in a straight line from over 
the boilers through the wall of the en 
gine room to where it turned downward 
to connect with the throttle. 
had been made for future extension of 
the plant by the use of a tee in the place 
of an ell, where the engine pipe left the 
main. 


Provision 


The pipe was 12 inches in diam- 
eter, was threaded into a standard-weight 


cast-iron tee and furnished steam for a 


34x60 Hamilton-Corliss engine. It was 
expected that the growing demand for 
power would some time exceed the ca 


pacity of the engine, and that the demand 
for an increase would be met by the in- 


stallation of another engine, the steam 


for which would be taken from the tee 
in the 12-inch line. 
The failure occurred in the threaded 


joint, the tee being torn off the end of 
the pipe, and the nipple which entered 
the throttle flange being pulled out of the 
flange. The tee and its attached pipe, ell 
and nipple were blown across the cylinder 
of the engine, the lower end striking the 
throttle hand-wheel and breaking all of 
the spokes. The engine was belted back 
ward past the cylinder, and the pipe and 






























BUILDING AFTER THE ACCIDENT 


son, the chief engineer, for the excellent 
showing of the plant and for his pains- 
taking efforts in maintaining a model 
system of records. 













tee, striking the belt, were deflected from 
their course just enough to.pass out 
through the upper part of one of the high 
windows of the engine room. The flying 
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pipe struck the ground about 150 feet 
from the engine-room wall. 

The cause of the rupture was not hard 
to locate, as the pipe was screwed into the 
fitting six threads only. This fact was 
easily established, as an attempt to stop 
a leak in the threaded joint had been 
made by the use of a steam-joint clamp, 





the position of which was ‘not disturbed 
during the journey of the pipe from the 
engine room to the vacant lot beyond. 
The pipe was threaded for a distance of 
a little over 2 inches, 7% inch of which 
protruded through the gland of the clamp, 
showing only six full threads. Originally 
the pipe in the boiler room was provided 
with two corrugated copper expansion 
joints, but as they failed by cracking they 
had been replaced by short pieces of 
flanged pipe. Besides the corroding 
action of the water which found its way 
into the threaded joint, the pipe was sub- 
jected to severe vibration at every stroke 





of the engine. 
The plant was erected in 1893, at which 
time it was considered the most complete 





power plant for renting manufacturers in 
the country. It seems hardly credibie 
that a steamfitter would leave a 12-inch TEE AND PIPE THROWN I50 FEET BY THE FAILURE 
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SIDE VIEW OF ENGINE AND END VIEW OF TEE THAT FAILED 
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fitting screwed onto the pipe less than 
one-half of what it should be, or that an 
engineer should allow serious vibration 
of a steam pipe to go on for years, simply 
because it did not fail immediately. 
The photographs show clearly the ar- 


inside the engine room, the 


rangement 

















SIDE VIEW OF 


ppearance of the outside of the engine 





om, and the disjointed tee and pipe 
iter the break. The pilaster shown at 
he left of the demolished window was 


directly in line with the steam pipe, and 
flying piece would have gone through 
had the 
feet to one side. 


not moving belt carried it 





ut four 
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Spontaneous Combustion of Coal 





By Peter H. BuLLocKk 


disclaim 


In the beginning I wish to 


any knowledge as to what chemical ac- 











CONNECTION 


tion takes place in a pile of soft coal, 


but will try and confine what .I may say 
to facts that have been part of my ex- 
perience in charge of burning a_ great 


deal of coal, and from having had twelve 
experiences with fire in. stored coal dur- 


ing twenty years. In six instances the 


primary cause was clearly from heat be- 


ing communicated to the mass from ex- 
ternal sources, such as being against a 
wall that got heat from furnaces on the 
other side; being over a hot flue; and 
from a steam pipe the covering of which 
had become broken. 

In the other six the heat 
have originated in the coal itself, and in 
all of 
of the existing : 
First, fresh-mined coal of a soft, smoky 
character, which usually, after being wet, 
would 


cases must 


these. latter cases there was one 


following conditions 


show a sulphurous oxidation on 
the surface when dried; second, coal that 
had been wet in transportation, and es 
pecially if the pile was deep, for pressure 
to affect it and heat is 
to originate deep in the mass; 


seems more apt 
third, the 
presence of decaying wood or other fibrous 
or textile materials. Some have been 
traced to a piece of plank ard one to a 
pair of greasy overalls. 

believe that fire takes 
for a many hours 


after heating has begun, and often heat 


| do not actual 


place in coal good 
will generate up to 200 or 300 degrees and 
have often found 


as hot as this, but with no sign of ash 


go no higher. I coal 
or coke, as would be the case had actual 
combustion taken place. 

The presence of dangerous heat in coal 
can be detected by a peculiar sour-gas 
the gas itself 
“shimmering” from the surface when the 


smell, and can be seen 


morning sun is shining horizontally across 
the the light comes 
through a door or window and the point 


pile, especially if 
of vision is at right angles to the sunlight. 

When that 
the coal is on fire, or dangerously heated, 
long rod of 
pointed at end 


there is reason to believe 


take a 44-inch round steel 


one and thrust it into 


the coal where the fire is suspected, letting 
it remain about five minutes to get to 
the temperature of the mass, then remove 


it quickly and it will at once be seen if 


any part of the rod has been into the 
heated area. 
a dangerous heat is found, take some 


If 
1! or 2-inch extra-heavy pipe, pointed 
at one end, and with several 34-inch holes 
feet 


for 2 or 3 


drilled through it 
the pe inted end. 


near 
Two men can usually 
punch this into the heart of the fire and 
water can then be forced into the pipe 
If it is necessary to drive the pipe into 
the coal it is best to use a weight with 
a hole through it a little larger than the 
pipe, and sliding over another piece of 
pipe and against a collar or coupling such 


use. If 


coal is 


drivers there is actual 
the hot, 
should be plenty of water used so as to 
the Too little 


in its being turned to 


as well 


fire, or if very there 


thoroughly drench coal 


water may result 
steam which will penetrate the surround 
ing coal and give the preliminary heat 
that will a little later develop more trouble. 

{ also caution against going over the 
coal with lighted lanterns, especially if 
it is in a closed house or pocket, for the 


gas that arises is inflammable 
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Poposed License Law for Greater 
New York 


Last year, when the civil service com- 
missioner ruled that only graduates of 
technical schools were eligible for exam- 
inations for the position of engineer of 
the new post-office building in Chicago, 
the National Association of Stationary 
Engineers showed its sense of justice and 
love of fair play by demanding that a 
ruling so unjust and so manifestly idiotic 
be reversed, and that the examination be 


open to all citizens of the United States. 


They carried their demand to the Presi- 
dent, and finally the lists were opened to 
all. The results justified the contentior 
of the association that it was nobody’s 
business by what means an_ engineer 
gained the knowledge of his art. If he 
possessed skill in his profession he was 
entitled to an opportunity to prove it. 
The examination took place, and when 
the results were seen the technical grad- 
uates filled the bottom of the list, while 
the name of a practical man, a member of 
the National Association of Stationary 
Engineers, like that of Abou Ben Adhem, 
“led all the rest.” 

Today there is another opportunity for 
the National Association of Stationary 
Engineers to show its sense of equity 
and abhorrence of even the appearance of 
special legislation. There has been intro- 
duced in the assembly at Albany, and 
referred to the committee on affairs of 
cities, an act to amend the Greater New 
York charter, which, if it becomes a law, 
will be one of the most childish and 
asinine enactments in the history of the 
State. Among other things it seeks to 
class electric motors and windmills as en- 
gines requiring licensed attendants (while 
it is commonly known that the most of 
these modern motors actually require less 
attention than a grindstone), and confine 
the care of such motors and of gasolene 
engines to the hands of the at present 
licensed engineers. A Chinese wall of 
restriction is sought to be raised, which 
effort, if successful, will enable a man 
when he has reached middle age to be- 
come the possessor of a first-class license 
to operate the starting box of a motor 
or the mixing valve of a gasolene engine. 

Steam engineering is an art, the prac- 
tice of which confers dignity on the prac- 
titioner, and it is up to the organized en- 
gineers of New York to see that their 
profession is not made a tool for cheap 
politicians and a laughing stock to the 
world. The man who desires to earn 
his bread and butter by operating steam 
boilers and engines should be required to 
demonstrate that he is a safe man to be 
intrusted with the care and management 
of this class of machinery—and the dem- 
onstration should be complete. The pub- 
lic safety demands this; but beyond this 
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neither legislators nor inspection boards 
have any right to go. 





Misleading Reports 


Few people realize how “nerve rack- 
ing” are accidents to power-plant machin- 
ery to those who are responsible for un- 
interrupted service. This effect upon those 
in authority is intensified when confronted 
by distorted reports, in the daily press, 
which generally contain manufactured 
particulars of happenings which have not 


‘occurred, and of conditions which never 


existed. Many such reports are made 
up of a few facts as a foundation and con- 
siderable imagifiatién to fill in with, the 
imagination being aceompanied by some- 
what irregular logic. 

“Burst Cylinder Badly Scalds Two” 
was a headline in a newspaper retently, 
and investigation showed that consider- 
able imagination was interwoven with the 
facts. The report stated that the ex- 
plosion put the plant out of business for 
seme hours; that the boilers were all 
working at a high pressure at the time, 
due to damp weather, which caused a 
leakage of current through the trolley 
wires, to make up which deficiency it was 
necessary to increase the voltage through- 
out the system, and that the extra pres- 
sure of steam doubtless caused the 
cylinder-head to expand and burst. 

An investigation disclosed, briefly, the 
following: The boiler room contained 
10 large water-tube boilers, each contain- 
ing three hundred sixty-three 34-inch 
tubes, one of which burst, scalding pain- 
fully, but not seriously, a fireman and a 
coal-passer. Nothing happened to any 
cylinder-head, and there was absolutely 
no interruption to any part of the service. 
The boilers were not working at a higher 
pressure than usual, and, further, the 
pressure is never increased nor varied to 
meet any oondition of load; nor is the 
steam pressure ever changed for the pur- 
pose of increasing the voltage. Quite a 
difference between the imaginative re 
porter’s story and the facts. 

Just how stories with so little founda- 
tion can possibly find their way into print 
is difficult,to determine. Surely there is 
no good reason for it, because managers 
are usually willing to give facts concern 
ing such matters, especially when of so 
little importance as the bursting of a 
boiler tube. 

Most managers, superintendents and 
others in authority are alive to the fact 
that the reporter is always after the sen- 
sational and, if he cannot obtain facts, he 
will probably make a story out of th: 
chance remark of the first one encoun 
tered. We believe that, as a means of pre 
venting the publication of false and harm 
ful statements, the manager would find it 
to be for his own interest if reports were 
at once made out and sent by him to the 








April 28, 1908. 


local newspaper, giving such facts relat- 
ing to an accident as would satisfy the 
yearnings of the imaginative reporter or 
news-hungry editor. 

Accidents will happen, and as long as 
steam is used those engaged in its pro- 
duction and use must face uncertain pos- 
sibilities. Blame for accidents is often 
thrown upon men in charge, even when 
no human knowledge could have avoided 
the occurrences. 





Power and Gas Power 





It is with great satisfaction that we 
publish elsewhere in this number an ac- 
count of the performances of a gas-power 
plant 10 years old, and of a smaller plant 
several months old, both of which are 
highly favorable. Because we have mani- 
fested Missourian traits toward producers 
and engines which had not won any spurs 
in the arena of actual industrial contest, 
and have several times warned over-con- 
fident builders that real engineering and 
not reckless vociferation would advance 
the interests of gas power and determine 
its ultimate status, we have been accused 
of all sorts of gasphobia. We have pub- 
lished “biased utterances” in a journal 
“primarily devoted to steam power’; we 
have “magnified incidental troubles” into 
“insurmountable obstacles’—in short, we 
have done about everything possible 
against gas power except murder all the 
designers. The cold truth is that all such 
accusations have been based on prejudice 
and misunderstanding, and some of them 
probably on guilty consciences. The only 
gas-producer or engine builders toward 
whom we feel in the least degree antago- 
nistic are those who send out poorly de- 
signed and poorly constructed apparatus 
and call it first-class, reliable equipment— 
those who refuse to concede any possi- 
bility of error or shortcoming on their 
part when trouble arises—those who by 
reason of stupidity, cupidity or both, deal 
the gas-power industry another blow 
below the belt every time they send out 
their wretched product. 

We have repeatedly claimed that gas 
power has a splendid future before it, and 
we are especially pleased to be able to 
give the definite testimony in its favor 
that Mr. Tryon’s article presents. The 
records of the Erie Railroad plant indi- 
cate plainly what can be done in the way 
of reliable operation by units of moderate 
sizes, and the reasons for the success of 
this plant vindicate every one of our 
warning arguments which some builders 
have characterized as ignorant or mis- 
guided or malicious. The two plants re- 
ferred to were investigated by Mr. Tryon 


at our request—not by mail or inter- 
mediaries, but by personal visits to the 
plants and searching examination of the 


apparatus and the regular operating rec- 
ords, 


We have on file an itemized copy 








POWER 





of the expense account of the Erie Rail- 
road plant, which is open to anyone who 
may desire to learn how the lump sum of 
$20,000 a year is obtained. 





Simplicity in Steam-plant Design 


A question of importance to every en- 
gineer is that of simplicity of design in 
the steam plant. This embraces the en- 
gines, boilers and auxiliaries regardless 
of price or purpose. From the appear- 
ance of some steam plants it is evident 
that they have been over-designed in or- 
der to safeguard against a possible shut- 
down. Such intricacy of design is not at 
all essential; neither is it necessary that 
a plant should be so constructed that a 
large amount of piping, fittings, etc., re- 
main unused during its life. 

Simplicity in engine construction is 
becoming of first importance, and the 
fewer the parts actually required to 
produce an engine, the better the opera- 
tion, the longer the life and the less the 
cost of maintenance. 

Contrary to the opinion of some de- 
signers, there is no cause to arrange each 
unit so that it may obtain a steam sup- 
ply from any one steam generator, but, 
on the contrary, it has been found bet- 
ter to arrange the boilers and engines in 
units of groups, or sets, independent of 
each other, but so that two groups may be 
shifted from one to the steam 
source; that is, the boilers of one set to 
be operated in conjunction with the en- 
gines of the other and vice versa. This 
produces a simple method of preventing a 
shut-down, as it would hardly be pos- 
sible for both sets of engines and boil- 
ers to be out of working order at the 
same time. If they were, it would show 
that a change was desirable in the engi- 
neering force. This plan is finding favor 
among designers as well as operators, 
because each set is practically a steam 
plant in itself, and as the auxiliaries are 
placed as near the generating units as con- 
venient, it is possible to reduce the pip- 
ing to the shortest and simplest forms 
which permit of the proper size of pipe 
being used, therefore reducing the waste 
which occurred in the pipe construction 
required under the old plan. 

The steam plant should allow of flex- 
ibility and flexibility requires simplicity; 
flexibility also means economy in oper- 
ation, for a properly designed steam 
plant will contain only such machinery 
will permit of the changing load 
being taken care of at all times. The 
reverse may be said of an improperly 
designed plant. 

For instance, a small electric-light plant 
was constructed for a certain output. The 
engine and boiler were loaded to their 
full capacity during the first few hours 
of the evening, but at ten o’clock one 


other 


as 
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of the machines was shut down, the load 
having been reduced one-third. About 
midnight the second machine was shut 
down and the engine operated at one- 
third its rated capacity for the balance 
of the night. The plant contained two 
boilers, but as the plant was managed 
they were both permitted to steam along 
in a haphazard way during the latter 
half of the night. If the plant had had 
a small engine of sufficient capacity to 
take care of the small load, and one of 
the boilers could have been cut out after 
midnight, doubtless considerable saving 
would have been made. The same would 
have been the result in a smaller degree 
if one of the boilers had been cut out 
of service as the plant was originally 
operated. For economical operation 
enough engines of the proper size should 
be provided so that each engine or set 
of engines shall be operated at the point 
of greatest economy. 

Of course the first cost of installation 
and interest on the money invested, as 
well as load carried, and period of great- 
est load, will have much to, do with the 
size of engine, but a careful study of 
the situation will that there are 
cpportunities in a great many supposedly 
up-to-date plants where improvements can 


show 


be made in this regard. 





A Closed-circuit Steam Plant 


A correspondent of Engijeering sug 
gests a closed-circuit steam plant; that 
is, a steam plant wherein a whole unit— 
boiler, engine or turbine, condenser, air 
pump, feed-pump and feed-water heater 
—is operated in a closed circuit, wherein 
means are adopted to prevent atmospheric 
upon the feed-water, such as 
atmospheric contact in the hot-well, also 
the water 
while being removed by the air pump, a 
surface condenser being, of course, un- 
derstood. 

If effected in a suitable manner, such 
a combination might secure several ad- 
vantages from the elimination of air and 


influence 


aération of the condensation 


other gases which are believed to exer- 
the 
con- 


cise a deteriorating influence upon 
structure of steam generators and 
densers, and which, if eventually 
mitted to reach the condenser, may mili- 
tate against a high vacuum efficiency. 
In respect to the latter, 
would be advisable, in certain cases, to 


per- 


probably it 


isolate especially a steam generator for 
the supply of steam to the auxiliaries. 





Facts which I cannot gainsay force me 

believe that the conservation of our 
natural resources is the most weighty 
question now before the people of the 
United States.—THEOpoRE ROOSEVELT. 


to 
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Novel Test of an Ice Machine 


A test recently concluded at the Kodak 
park works of the Eastman Kodak Com- 
pany, Rochester, N. Y., is the only one 
of its kind ever made, that is, a competi- 
tive test between a single-acting and a 
double-acting ice-making machine, both 
working as nearly as possible under the 
same conditions, using the same = ap- 
paratus, and each set of compressors 
being operated by their builders, with the 
same engine and on the same frame. 

This test was the outcome of a proposi- 
tion made to the Eastman Kodak Com- 
pany by the York Manufacturing Com- 
pany, in which the latter offered to re- 
move the double-acting oil compressors 
from the De La Vergne machines then in 
operation in the Eastman plant at the 
works named, and replace them with sin- 
gle-acting false-head compressors, guar- 
anteeing to produce a ton of refrigeration 
with 10 per cent. less horse-power per 
ton than was required to drive the De La 
Vergne machines. 

An agreement was entered into to the 
effect that the Eastman company would 
allow the York company to remove the 
compressors on one of the De La Vergne 
machines, which was rated at 50 tons 
capacity, and substitute therefor a pair of 
single-acting compressors, with an under- 
standing, however, that a test would be 
run on the De La Vergne machine as it 
then stood in the engine room, to deter- 
mine just what horse-power per ton was 
required to operate such compressors, 
after which the De La Vergne compres- 
sors were to be taken off and the single- 
acting York compressors substituted and 
another test run to determine what horse- 
power the single-acting compressors would 
require to produce a ton of refrigeration 
under the same conditions. The De La 
Vergne Machine Company then offered 
te take charge of the operation of the test 
on the De La Vergne machine and to be- 
come a party to the test. 
tion was accepted. 

The De La Vergne Machine Company 
reconstructed its compressors by putting 
in the  latest-design 


This proposi- 


discharge valves, 


placing valves on the by-pass close to the 


cylinder connections and reducing the 
clearance to a minimum, taking out the 
2-inch suction connections and putting in 
2'%-inch connections to each compressor, 
connecting up on the suction to each com- 
pressor a %-inch liquid expansion valve, 
connecting it with a liquid-ammonia main, 
and otherwise thoroughly overhauling the 
machine. 

The evaporating system which was 
used for the test consisted of an 8o-ton 
Hendricks-type cooler which had never 
been used before. This cooler, which was 
installed in one of the buildings of the 
Kodak park works, was connected to a 
triplex plunger pump, driven by an elec- 
tric motor. 
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It was necessary to install extra ap- 
paratus to heat the brine, so as to give 
the load for the machine. This apparatus 
consisted of a tank, in which brine was 
heated, and three sections of a double- 
pipe exchanger, which 
pumped the brine to be circulated through 
With this ap- 


paratus it was possible to regulate the 


through was 


the evaporating system. 


work being done by the cooler so as to 
maintain the back pressure going to the 
machine. The cooler was located about 
300 feet from the machine being tested 
and was connected to it by a 4-inch suc- 
tion main, which run the 
building. 

There was also provided apparatus for 
weighing the going into the 
The liquid feeding this apparatus 
came from a general liquid main, and as 


was outside 


ammonia 


cooler. 


there was no positive method of finding 
out the amount of ammonia in the cooler 
at the beginning or at the end of the test. 
the results from this apparatus cannot be 
The discharge from the 
the 


condensed 


taken as correct. 
section of 
the 
liquid passed into the general line feed- 


compressors went into a 


general condensers, and 
ing the entire compression system of the 
works. 

On February 2, 
machine tested was started, being operated 


1908, the De La Vergne 


the first three days at 45 revolutions, the 
fourth at 34 revolutions, the fifth at 56 
revolutions, and the sixth at 67 revolu- 
tions. Each test was of 1o hours’ dura 
tion. 

After the De La Vergne 
completed, the York Manufacturing Com- 


pany took charge of the machine, remov- 


tests were 


ing the De La Vergne compressors and 
them single-acting York 
compressors, which were connected up to 
the mains. On 
March 6, 1908, the tests were started on 
the York compressors. 


replacing with 


suction and discharge 


On the first day of this series of tests 


the temperature of the overflow water 


from the jackets was 62 degrees Fahren- 


heit. On the second day the water was 
75 degrees Fahrenheit, and on the third 
day the jackets were filled up at the be- 
ginning of the test and no water was put 
on the jackets during the entire run; 
about 3 inches of water evaporated dur- 
ing the test. The the 
water in the top of the jackets remained 
at about Fahrenheit. For 
the fourth and fifth runs the same condi- 
tions were maintained, as far as the jacket 


temperature of 


175 degrees 


water was concerned, as in the third, and 
in the sixth enough water was circulated 
to keep the temperature at 75 
Fahrenheit. 


degrees 


Following are the approximate results 
of these tests: 


De LA VERGNE CompPrRESSOR. Two 114x22- 
INCH DOUBLE-ACTING, OIL AND LIQUID 

AMMONIA INJECTION. 

Back High ° 

Pres- __ Pres- 

Date, 1908. sure. sure, 

Feb. 2 20 185 5 


Engine 
Revolutions. H.P. 
per Ton. 
1.439 


April 28, 1908. 


439 
439 
439 


Feb. ¢ 20 R. 
1 
1 
1.420 
§ 
Be 


Feb. 20 
Feb. 20 
Feb. ; 20 
Feb. 6 20 
Feb. 184 


490 
502 


ba pt pth fe 
DrmPnHH 
CrOrGrSrorGe 


COMPRESSOR. TWo 15x22-INCH SINGLE- 
ACTING, VERTICAL. 

Back High 

Pres- Pres- 
Date, 1908. sure. 
Mar. 6 20 
Mar. 7 20 
Mar. 8&8 20 
Mar. 9 20 
Mar. 10 20 
Mar. 11 17 


YorK 


Engine 
> 


Revolutions. H.F 


.o0e 
In the above deductions there have been 
no corrections made for thermometers, 
calibration of indicator springs, nor the 
specific heat of the calcium, which was 
taken at 0.69. corrections, how- 
ever, will not affect the relative results of 
the tests, as they will be the same in each 


These 


case. 

Corrections have been made, however, 
for the temperature of the liquid am- 
snonia, and also for the superheat of the 
gas in the suction line from the time it 
left the cooler until it arrived at the com- 
The corrections for the liquid- 
temperature 
liquid ammonia at 70 degrees Fahrenheit, 
the ammonia 


pressor. 
ammonia were based on 
and the specific heat of 
taken at I.1. 

It was impossible to run the sixth run 
in each test at a higher back pressure than 
that given because the cooler was impreg 
nated with oil and, therefore, the capacity 
could not be*got out of it. 

When the De La 
started the 
never been 


test was 
was clean, as it had 
When the York com- 
pany started its test it was very foul, the 
coils being badly coated with oil. These 
tests were very carefully made, and every 
precaution taken to make them as cor- 
rect as possible, and it is the intention to 
publish all the data obtained on the tests 
as soon as the data can be got into shape. 

All three companies were represented 
at the tests in force, including for the 
De La Vergne people Dr. Charles E. 
Lucke, Louis Block, Prof. E. D. Thurs- 
ton, Jr., and others, and for the York 
company Louis S. Morse, Abel Winborg, 
H. R. Fisher and others. 


Vergne 
cooler 


used. 





A project for generating electricty by 
means of peat recently came before a 
committee of the House of Com- 
The Dublin and Central Ireland 
Electric Power Company is seeking pow- 
ers to supply electricity to portions of the 
counties of Dublin, Kildare, Queen’s and 
King’s, and has arranged to purchase 500 
acres of peat bog in the district. Hitherto 
one of the chief objections to the use of 
peat for generating power has been that 
it contains 90 per cent. of moisture, and 
is expensive to dry. 


select 
mons. 


The promoters pro 
pose to use a process by which 50 per 
cent. of the moisture in the peat is re 
tained, and by-products such as sulphate 
of ammonia, which alone, it is said, would 
pay the cost of the peat, are obtained.- 
Thy 


Engineer, London, 
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The Bartlett Water Softener 


Softening water simply means the re- 
moval of the minerals which cause hard- 
ess. They are removable by introduc- 
ng into the water chemicals which change 
he hardening substances into soluble com- 
pounds, in which form they may be sepa 
rated from the water, and the chemicals 
generally used to precipitate the scale 
forming ingredients are quicklime, caus- 
tic soda, soda ash and trisodium phos- 
phate. 

In order to thoroughly mix the chemi 
cals with the water and at the same time 
handle large quantities of water with the 
least of kinds 


water-softening apparatus have been de 


amount labor, various ot 
vised which treat the chemicals, mix the 
ingredients with the water ard produce a 
complete chemical reaction, thus bringing 
about 


rapid sedimentation and_ perfect 
clarification. Water softeners are divided 
into two classes: One which treats the 


water intermittently and the other treat 

ing the water continuously, as needed. 
One system of the continuous type is 

known as the Bartlett water softener. It 


is automatic in action and consists of 


three distinct parts: The chemical re- 
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The operation of the system is as fol- 
The lime, which the 
ordinarily used, is slacked in the upper 


is chemical 


lows: 
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soda ash are made up in the same tank 
where the water does not vary in hard- 
ness. These chemical tanks may be 

















FIG. I. ONE TYPE OF 

















FIG. 2, “TYPE 
agent tank, in which the chemical solu- 
tions are made up, the chemical-and- 
Water proportioning device, which pro- 


ortions the correct amounts of chemicals 


inl water, and the reaction and circling 
amber, in which the chemicals and water 


QO 


thoroughly mixed and the resulting 
recipitate removed the 
sedimentation and filtration. 


from water bv 


B’ DISTRIBUTOR 


portion of a lime tank provided for that 
purpose and then run in the bottom of the 
tank, where it is mixed with water to the 
strength desired. The lime, being in sus 
kept 


stantly agitated to produce a solution of 


pension, is thoroughly and = con 


uniform strength. This is accomplished 


by means of paddles which rotate within 


the agitating tank. Both the lime and 





BARTLET 


WATER SOFTENER 


located at any convenient place and the 
chemicals pumped to the distributor. 


In the design of the Bartlett chemical 


and water distributor having the chemi 


cal reagent tank located upon the top of 


the system, a water-wheel is utilized, so 
that the water entering the system fur 
nishes the necessary power to operate the 


Where 


chemicals 


This is shown in Fig. 1. 
inconvenient to the 
to the top of the softener to make fresh 


paddles. 


it is hoist 


solutions, the chemical tanks are located 
at the ground level, and any available 
power may be used to pump the solu 
tion to the distributor located upon the 


top of the softener. The distributor pro 
portions the chemicals and water in the 
exact amounts, as it allows the water and 
to the chamber 
in the proper proportion or not at all. 

B” 


water 


chemicals enter reaction 


The operation of the “Type dis 
tributer The 
in the softener regulates the amount 


is as follows: level 
of 
water and chemical entering the softener, 
the 


predetermined 


reaches a 


of 


water 
the 
water and chemicals passing to the re 
When a pre 


and when softened 


high level flow 


action chamber is stopped. 


determined low-water level has been 
reached in the softener, the flow. of 
chemical and water is instantaneously 
started. The water enters the system 
through the pipe A, Fig. 2, into the dis 
tributor B, in which the water is kept 
constant by means of a balanced float 


valve within the supply pipe. The water 
passes from the distributor through the 
D. Within the soft 


chamber /: is a water-tight com- 


pipe C and valve 


water 
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partment F within which is a bucket G 
having a communication with the water 
in the storage chamber by means of a 
swinging pipe not shown. When the valve 
D is open, the water enters the reaction 
chamber at maximum capacity, and if the 
demand for soft water is at any time 
below maximum capacity, the level of the 
softened water rises in the storage cham- 
ber, as well as in the bucket G, the two 
having free intercommunication. When 
the water line reaches a predetermined 
point the weight of water within the 
bucket overcomes the counterweight and 
drops, closing the valve D. When the 
bucket begins to dump, the water within 
it lowers and the water from the storage 
place flows into the bucket to equalize 
the levels. This causes the bucket, due to 
the weight of the water, to lower almost 

















FIG. 3 


instantaneously. As the level of the soft- 
ened water lowers, the weight of water 
in the bucket is reduced and at a pre- 
determined point the counterweight over- 
balances the weight of water in the bucket 
and causes it to rise and open the valve D, 
permitting the flow of water to pass into 
the system. 

The chemical is pumped into the con- 
stant-level device J, through a pipe in the 
bottom and has a return flow to the 
chemical tank through a pipe not shown. 
As the chemical is pumped in, greater 
quantities of water than ever are added. 
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This device eliminates any form of me- 
chanical agitation. When the valve D is 
shut, the pipe J is held in such a position 
that its outlet is above the level of the 
chemical in the constant-level device, which 
prevents the flow of the chemical. 

After the water and chemical have been 
properly proportioned, the fluid flows into 
the inverted cone K, Fig. 3, where con- 
stantly meeting a decreasing area causes 
an increase in speed and considerable agi- 
tation and mixing. The water and chemi- 
cal react and precipitate the hardening 
ingredients in insoluble flakes, and the 
water carrying. this precipitated matter 
overflows the upper rim of the cone, falls 
into the down-take pipe ZL and enters 
the annular settling tank M, where the 
heavier precipitated matter falls from the 
water to the bottom of the tank as the 
water starts in an upward direction. The 
chemical reaction continues as the water 
flows upward, and the precipitated solid, 
becoming more dense, falls to the bottom 
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The Sirocco Fan 





If the direction of rotation be reversed 
in a single-stage turbine of either the im- 
pulse or reaction type, the De Laval tur- 
bine or Pelton water-wheel, in which the 
revolving buckets move at one-half the 
velocity of the driving jet, would the 





FIG. I. DIAGRAM OF FAN BLADES 

moving blades or buckets take the ex- 
haust steam or “spent” water and deliver 
it to a set of nozzles or discharge pipes 








i 


of the tank and in so doing meets the 
lighter particles coming up and, coagulat- 
ing with them, forms a natural filter. 

A filter bed is arranged near the top of 
the settling chamber, as shown at N, com- 
posed of wood-wool, which is for the pur- 
pose of removing any remaining sus- 
pended matter from the water before it 
reaches the softened water-storage cham- 
ber. A pipe at the bottom of the settling 
tank for discharging sludge is shown in 
Fig. 3. The Bartlett water softener is 
manufactured by the Northern Water 
Softener Company, Madison, Wis. 








aly 


ee oe 2% 
FIG. 2. BUCKET WHEEL OF SIROCCO FAN INSTALLED AT ELLSWORTH, PENN. 


at a velocity twice that of the moving 
buckets? Can the blades of a fan or the 
impeller of a centrifugal pump be so 
shaped that it will impart a_ velocity 
greater than its own to the medium which 
it moves? If this be possible it is greatly 
to be desired, for at least two reasons: 
the size of the machine for given output 
could be greatly reduced, or a machine of 
a given size could be run at a much lower 
rate of speed, the desirability of either 
being too obvious for discussion. That 
this is true is claimed by the makers of 
the Sirocco fan and centrifugal pump. 
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The Sirocco fan is an cvolution from the 
Ser fan, which was first used in 1878, the 
theory of which was published in the 
memoirs of the Society of Civil Engi- 
neers. The blades were short radially, 
being about one-fourth the diameter in 
length, and were of a circular section, 
curving forward in the direction of rota- 





tion. They were of the same radial length 
the entire width of the fan, and the num- 
ber of blades was 32. In the Sirocco fan 
there are 64 blades, one-sixteenth of the 
diameter of the fan in radial length, and 
of a breadth about three-fifths of the 
diameter of the fan; and although re- 
sembling the Ser fan in general appear- 
ance it has greater width in proportion | 
to length, a greater number of vanes and 
a larger inlet, the inlet being the diameter 
of the fan itself. These differences give y 
it great capacity, and some tests have c : =o 
shown results which apparently discredit | Tt : =I 
some accepted theories, one apparently | <a ane : = =o 
paradoxical result being that the escaping ae eon ae 4 
air has a higher velocity than the tips 

of the revolving blades. Actual tests have FIG. 4. SECTIONAL VIEW OF 

















SIROCCO FAN AT PELTON COLLIERY 





wanna Steel Company at the Ellsworth 
colliery, Ellsworth, Penn. That the Sir 
occo fans have been built in large sizes 
is shown by Fig. 3, which is the end view 
of a fan-wheel 154 inches in diameter, in 
stalled at the Eppleston colliery. 

A particularly interesting installation is 
that at the Pelton colliery, in Durham 
county, England, where a single Sirocco 
fan is used alternately with two Guibal 
fans to ventilate the same mine. The 
drifts are so arranged that the Guibal 
fans, when in operation for one period of 
12 hours, serve one mine each, while the 
Sirocco fan, alone, is employed for the 
remaining 12 hours each day, for the ven 
tilation of both mines. The most striking 
feature of the installation is that while 
the two fans of the old type measure 30 
and 36 feet, respectively, in diameter, the 
Sirocco, with an output in excess of the 
two Guibal fans, measures only 6 feet 3 
inches in diameter. Side and end views 
of the Pelton-colliery installation are 
shown in Figs. 4 and 5. 

To substantiate the claims of superior 
ity of the new departure in fan construc 
tion the makers submit the results of 





numerous tests, two of which, being 








typical, are here presented. 





Test t shows the volumetric discharge of 
FIG, 3. END VIEW OF SIROCCO-FAN WHEEL 154 INCHES IN DIAMETER the Sirocco fan to be 400 per cent. greater. 


proved that the air leaves the fan with a 
velocity 80 per cent. above that of the cir- 
cumferential velocity of the fan. This Volumetric test, with free intake and discharge. “Sirocco” Centrifugal Fan and 
Centrifugal Blower. 


Test No. 1 


means that for a given amount of air to 
be moved a much smaller fan of this type 


: - Diameter of ! Revolutions Circumferential Air Discharged, 
can be used than with the old-style fan. Fan Wheel, ' per Velocity, | Cubic Feet 
Fig. 1 shows the arrangement and Inches. | Minute. Feet per Minute per Minute. 
curvature of the blades and the angles ~ 
. ‘ ie , “Sirocco” Fat , 25 575 3,763 16,520 
it which the tips are inclined to the cir ee” eee , i ” 
‘umferences of the internal- and external- Centrifugal Blower ...... 24 600 3,768 3,250 
upporting rings. Fig. 2 shows the bucket Extra volume discharged per minute by “Sirocco’’ Fan 13,270 


vheel of a fan installed for the Lacka- 
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In the second test the discharge pipes 
of both fans were inserted into a closed 
box with glass windows on opposite sides, 
midway between the fans; and on both 
fans being put small 
flag between the windows indicated the 
direction of the current. 


into operation, a 


This testing box was 2x2x4 feet, and the 
fan with the stronger pressure necessarily 
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Business Items 


The L. J. Wing Manufacturing Company, 
00 West street, New York, reports recent 


sales of twenty turbine blowers and ventilat- 
ing fans—almost all for use in Greater New 
York. 

The Wheeler 
Company, Carteret, N. 


Condenser 
J., 


and Engineering 
has made arrange- 


Test No. 2 


“Sirocco” 


Fan, 12',-inch diameter, and Centrifugal Blower Fan, 24-inch diameter. 








Diameter of Revolutions Circumferential 
Fan Wheel, er Vetocity, 
Inches. Minute. Feet per Minute. 
“Sirocco”? Fan ..... 12), 1188 3872 
eee eee 24 657 4125 


forces its air through the closed box into 
the discharge pipe, and out through the 
blades and inlet opening, of the weaker 
fan. 

Test 2: 


through 


Sirocco 12%-inch fan drove 
the 24-inch fan, and 
against the pressure produced by it, 2200 


cubic feet of air per minute. 


blower 


These results may be due in a great 
measure to the fact that the inventor has 
minimized those losses which are caused 











ments with Charles 8S. 
Granite building, Fourth 
St. Louis, Mo., to handle 
in the State of Missouri. 

The Varker Boiler Company, 
phia, has installed two 198-horse-power 
boilers for the George Ziegler Company, Mil- 
waukee, one 2O02-horse-power for the Walter 
Brewing Company, Pueblo, Colo... and two 
411-horse-power the Colorado Ice and 
Cold Storage Company, of Denver. 


Lewis & Company, 
and Market 
Wheeler apparatus 


streets, 


of Philadel- 


for 


The executive offices of the Westinghouse 
Electric and Manufacturing Company, now at 














. | tne te 00 ¥ eee errs 11 Broadway, New York, N. Y., and the 
in other tans by throttling at le intake New York sales offices and export offices of 
the eddies in the current of air and the’ that company, now at 11 Pine street, were 
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FIG. 5. SHOWING CROSS-SECTION OF \ SIROCCO FAN AT PELTON COLLIERY 


friction of the air in passing over the long 
blades. 

While Sirocco fans are very generally 
used in the ventilation of English coal 
mines and for similar installations on the 
Continent, there are very few of them to 
be seen in this country, as they have only 


recently been introduced and = manufac- 
tured here by the Sirocco Engineering 
Company, 140 Cedar street, New York 


City. 


removed on April 20 to the new City Invest- 


ing building, 165 Broadway, New York. 
The Smooth-On Manufacturing Company, 


Jersey City, N. J., 
circular about 
three good 
pany 


has issued an interesting 
the Smooth-On gasket, giving 
reasons for its use. The 
advises us that it will 
sample Smooth-On-coated corrugated 
free to any engineer who sends his 
and business address. 


com- 
send a 
gasket 

name 


also 


Among recent orders taken by the Ohio 
Blower Company, Cleveland, Ohio, for its gravity 
closing ventilators, is one from the Richardson 
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Paper Company, Lockland, Ohio, for a total of 
39 ventilators. Twenty-six of these, each 24 
inches diameter, are for ventilating the machine 
room, six are 36 inches in diameter and are 
intended for ventilating the beater room, while 
seven of the same size will be used for the ven- 
tilation of the new power house. All are to be 
supplied with dampers. 

The Riverside Engine Company has removed 
its Pittsburg office from the Empire building to 
the new Keenan building. F. Louis Egan 
has been appointed sales agent for Indiana and 
Illinois with headquarters at 1130 Congress 
avenue, Indianapolis. The Brown-Russell Com- 
pany, of Fitchburg, Mass., has been appointed 
agent for New England. L. E. Safford, for- 
merly Pittsburg sales manager for Clark Brothers, 
and later general sales agent for the United 
States Engine Company, has joined the sales 
department of the Riverside Engine Company. 





Help Wanted 


tdrertisements under this 
serted for 25 cents per line, 


head are in 
About six words 


make a line, 

WANTED—Writer to prepare steam en 
gineering articles during spare time: state 
experience. Box 71, Power. 

WANTED—Thoroughly competent steam 
specialty salesman; one that can sell high 
grade goods. Address *M. Co.,” POWER. 


AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago. 

WANTED—Salesman on commission for 
high grade power. specialties. Address, stating 





experience, Chas. T. Luce Co., 160 Congress 
St., Boston, Mass. 
WANTED—Agents or representatives to 


handle thoroughly established line of gas pro 
ducers in New York city and surrounding tei 
ritory ; over 2500 horse-power in successful 
operation in the district. Box 62, Powrr. 


Situations Wanted 


tdiertisements under this 
serted for 25 cents per line. 
make a line. 

MECHANICAL ENGINEER, recent grad 
uate of a university desires position with a 


in- 
words 


head are 
About sir 


firm willing to train a young man in its 
business. Address “Engineer,” 514 Elk St., 
Buffalo, N. Y. 

EXPERIENCED gas engine designer and 
salesman with number of large engines un 


der heavy duty for years, desires connection 
jor building large units: designs guaran 
teed. Box 77, Power. 

SUMMER WORK by mechanical enginee: 
ing student in Cornell University : will refer 
to university ; shop, office, drumming, or an) 


other kind of work. Address W. T. Damon, 
133 Ilazen St., Ithaca, N. Y. 

WANTED—Position as engineer or ele 
trician; 10 years’ experience with engines. 
Curtis turbines, boilers, pumps and _ stokers : 
repairing electrical machinery, a.c. and d.c.: 
first class license. Box 73, Power. 


GAS ENGINERR, technical graduate, larg: 
experience in design, manufacture and in 
stallation of producers, gas engines and ele« 
tric plants desires position with manufac 
turer or contracting engineer. Box 74, Powrr 

WANTED—A _position as chief engineer 0! 
street railway or manufacturing plant; fa 
miliar with cross and tandem compound en 


gines; A. C. and ID. C. generators: 25 years’ 
experience; can give references. Box 7. 


POWER. 
WELL KNOWN mechanical engineer with 


good inventive faculty, and large aequaint 
ance among field engineers and steam = user's 


all over the country, desires sales ageney fo! 
high-grade steam specialties: salary or com 
mission, or would accept pos‘tion to develop 
for the market any high-grade mechanieal «dé 
vice that needs perfecting to make it a com 
mercial success: highest reference given and 
required. “Commercial Engineer.” PowrEr 


Miscellaneous 


idrertisements under this 
serted for 25 cents per line. 
make ai line, 

WANTE]—Steam engine castings in the 
rough, cylinder 3x5” or 6”: horizontal 
or upright, former preferred. Box 72, Powrk 

EXPERT IN) DEMONSTRATION and salt 
of fuel economizing, prime movers and spe 
ialties, desires agencies of manufacturers iD 
position to sell demonstrations. Box 7°. 
POWER. 
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head are 
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andem Gas Engine at Watson-Stillman Plant 


Description of a Double-acting Tandem Machine, the Construction of 


Which Is a Conspicuous Departure from the Conventional Type 





BY 


Watson-Stillman 
months ago installed in its plant at Aldine, 
N. J., a gas engine which differs materi- 
ally from what has come to be regarded 
as the conventional type of double-acting 


Vhe Company some 


machine. 

The engine is operating on gas from a 
Tryon anthracite producer, and is belted 
to a three-phase 60-cycle alternator which 
supplies current to the motors that drive 
the machinery throughout the works. The 
engine is a double-acting tandem machine 
and governs by throttling, and to that ex- 
tent follows what might be called stan- 


GEORGE. 


W. 


the jackets. This 
method of building is indicated in Figs. 
2 and 4; in both of which may be seen 
the nuts on the ends of the tie-rods, and 
in the latter, parts of the tie-rods between 
the parts of the engine. The operating 
side of the engine is shown in Fig. 1 and 
sectional views of the cylinder in Figs. 
3 and 6. 

Each part of a cylinder comprisés in 
one casting half of the cylinder barrel and 
one cylinder-head, with complete water 
jacket, the chambers into which the valves 
are-fitted, and the housing of the piston- 


corners of cylinder 








MALCOLM 


tween the cylinder and the jacket wall 
which can occasion troublesome leaks. 
The metal* around the cylinder — barrel, 


over the head and the ‘combustion space 
is of uniform thickness, except where the 
cylinder barrel is left slightly thicker to 
allow of reboring. There no metal 
bosses to accommodate holding studs, nor 


are 


surrounding any auxiliary starting valves 
or tappings. The result is that the com- 
pressed charge is surrounded by a metal 
of uniform thickness without pockets and 
of probably uniform temperature. The 
water-cooled valves extend down into the 





FIG. I. 


dard American practice in large gas- 


engine design. In almost every essential 
construction, 


Onspicuous departure 


detail of however, it is a 


from the beaten 


track. 


MAIN Frame, CYLINDERS AND SoLe PLATE 

The cylinders are made each in two 
pieces which are fitted together with a 
tongue-and-groove seam around the mid- 
dle of the barrel, the joint being metal to 
metal. The two halves are held together 
ind both eylinders held to the main frame 
y four steel tie-reds passing through the 





OPERATING SIDE OF RIVERSID® GAS ENGINE AT 


THE 


rod and packing. The lower extensions of 
the cylinder ends where they rest on the 
sole plate contain large water spaces in 
which a large amount of sediment may 
deposit without interfering with the cir- 
culation of the cooling water. Hand-holes 
are located on the top and bottom of the 
cylinders and blow-off plugs are screwed 
into the lower cylinder ends, as illustrated 
in Fig. 6, so that mud and other sediment 
may be easily washed out 

This form of cylinder construction re- 
sults in two or three things of importance 
In thé first place, there are no joints be- 


WATSON-STILLMAN 





PLANT, AT ALDINE, N, J. 


combustion space and assist materially to 
reduce the temperature of the compressed 
For these reasons 


charge. ‘ompression 


can be run extremely high without pre- 
ignition. 

The cylinder ends rest on the sole plate 
surfaces. From the sec- 
Figs. 3 and 6, it will be seen 
that the area of contact is not large, but 
The 
cylinders are held down on the sole plate 


on machined 
tional views, 
it is finished to be absolutely tight 
by the plates shown at the sides and are 
kept in line, but are free to expand and 


contract longitudinally. The contact joints 
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are made tight enough to withstand the 
starting air pressure. The sole plate 
forms a drip-pan under the cylinders, so 
that all oil is kept from the engine-room 
floor and delivered’ to any point desired. 

The inlet and exhaust passages in the 
cylinder ends register with those in the 
sole plate, and all gas, air and exhaust 
piping is attached to the sole plate. By 
slacking the nuts on the tie-rods and tak- 
ing out the distance pieces between the 
cylinders, the half of either cylinder may 
be slid along the sole plate, thus opening 
the cylinder in the middle, as illustrated 
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type, with bored crosshead guides and 
main bearings cast in a single piece. It 
is of great weight and rigidity, to pro- 
vide for the twisting stresses due to side- 
crank construction. A large amount of 
metal is disposed above the center line of 
the engine in order to obviate any bend- 
ing tendency in the frame. Ample metal 
is also placed around the main-bearing 
jaws in order to resist the great forces 
transmitted. The main-bearing jaws are 
machined out, as shown in Fig. 5, and a 
heavy cap is driven over them to hold 
them together. 
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bosses to the adjacent face of the crank- 
disk. 

The bearings on the shaft are ground 
and of generous size. Liberal fillets are 
used where there is a changé of diam- 
eter and there are no square-cornered 
shoulders. 


VALVES AND VALVE-GEAR 


Both the inlet and the exhaust valves 
are balanced and internally water-cooled, 
and are all of the same sizé, so that any 
valve or spare-valve part fits in any place 
on the engine. Both valves seat at the 
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FIG. 2. 


in Fig. 4, where the rear half of the front 
cylinder is shown slid back to expose the 
front piston. The distance piece taken 
from between the cylinders is shown lean- 
ing against the rear cylinder. . 

The whole operation can be done in 
less time than it takes to remove the nuts 
from the studs of a boltéd-on cylinder- 
head; no other part of the engine needs 
to be disturbed, except a union in the 
small circulating-water pipe, under the 
cylinder seam. The sole plate is contin- 
uous, extending under the entire length 
of both cylinders and is bolted to the 
main frame at its forward end. 

The main frame is. of the rolling-mill 


FRONT VIEW OF RIVERSIDE GAS ENGINE 


CRANK AND CRANK-SHAFT 

The crank-disk, crank-pin and counter- 
weight are a single steel casting, finished 
where necessary, hydraulically pressed on 
the main shaft and doubly keyed. The 
crank-disk and pin are trued up after the 
disk is pressed on the shaft. 

Two small bosses are cast on the in- 
side of the bed at the level of the center 
of the shaft and their faces are planed 
smooth at the same setting in which the 
bed is: planed. Their surfaces are there- 
fore at right angles to the correct -posi- 
tion of the axis of the shaft, ayd the aline- 
ment of the shaft may be easily checked 
by measuring from the 


faces of “these 


AT THE WATSON-STILLMAN 


PLANT, AT ALDINE, N. J. 
a 


bottom of the cylinder on opposite sides 
of the engine axis, operate vertically and 
are pulled open, as indicated in Fig. 6. 
Each valve is of the poppet type and 
has a hollow-piston extension on the back 
for balancing. The valve pistons slide in 
renewable liners set down into the valve 
chamber, which is cored in the cylinder 
casting, and are kept tight in the liner by 
cast-iron snap rings. The bearing sur- 
face is very large and forms an excellent 
guide for the valve; it is force lubricated. 
The valve-stems of steel are also guided 
at their extreme ends, and since the 
valves are pulled open there is no appre- 
ciable tendency to “cock” or seat un- 
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Water Outlet from Pistyns 
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FIG. 3. LONGITUDINAL SECTION OF TANDEM ENGINE AT ALDINE 
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evenly. The surfaces of the valve guides 
are entirely out of the “fire” in the cylin- 
der, and this, with the fact that the valves 
are internally water-cooled, tends to pre- 
vent sticking and warping. The valve 
seats are removable and reversible. They 
are located below the level of the cylin- 
der barrel, so that foreign substances are 
readily carried out by the exhaust gases. 

The cooling-water travel is shown in Fig. 
6. Water is delivered to each cylinder half 
at the bottom, and thence flows through 
an internal pipe to the top where the pip- 
ing branches to deliver water to each 
valve separately. It flows through an 
inner brass tube to the bottom of the valve 
body, out through two slots in the valve- 
stem, up through the valve and thence be- 
tween the stem and inner tube to the dis- 
charge leg of the water arch. _ 

The barrel water is delivered into the 
jacket space at the heads at two points by 
piping from each valve, one point being 
at the jacket-head just over the stuffing- 
box and the other at the lower part of the 
jacket space near the jacket wall, so that 
cold water is not delivered against any of 
the cylinder-heads. The amount of water 
flowing is controlled by small valves at 
the top of the inner brass tube. The 
water discharged into the jacket space 
over the head passes afterward up around 
the cylinder barrel, and is thence deliv- 
ered to a visible overflow by a pipe which 
takes it from the upper part of the jacket 
space. 
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uniform diameter and slides through its 
bearings when any cylinder or half cylin- 
der is moved along the sole plate in open- 
ing the cylinders, so that it is not dis- 
turbed by the operation mentioned. The 
cam-shaft is driven from the main shaft 
by short cross-shafts and machine-cut 
steel gears running in oil. An inlet and 
an exhaust valve for each cam are rigidly 
keyed to this shaft and these cams engage 














SHOWING MACHINED MAIN-BEAR- 
ING JAW 


FIG. 5. 


case-hardened steel rollers on the ends of 
short rocker-arms which lift the 
This arrangement is shown at the right 
in Fig. 6. Both the inlet and 


valves. 


exhaust 


rockers for each cylinder end are carried 
on the same pin and their forked ends 
have curved upper surfaces which bear 
against an adjustable collar on the valve- 
Since the valves are balanced, the 
gear has only to open them against the 


stems. 



























FIG. 4. REAR HALF OF FRONT 
By removing the water arches at the 
top, the valve, liner and all other parts 
may be removed, leaving nothing but the 
removable seat in. In removing the valve 
and liner, not even the cam-shaft need be 
disturbed. 

The valve-gear of the Riverside engine 
is unusually simple. The cam-shaft is 
mounted on top of the cylinders and runs 


in ring-oiled bearings. This shaft is of 





CYLINDER 








SLID BACK, EXPOSING THE FRONT PISTON 
gravity force of their own weight and the 


force of the long helical-closing springs. 


PISTON AND PISTON-ROD 
The pistons are of the box type with a 
forged-steel core into which the rod ends 
are until bottom hard 
against the partition, as shown in Fig. 7, 
and held by a jam-nut. The and 
pistons are, of course, water-cooled, the 


screwed they 


rods 
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yater entering through a telescopic joint 
connected to the side of the crosshead. 
Circulation through the hollow rod and 
the pistons in succession is positive and 
the overflow device on the tail-rod keeps 
the pistons always full of water. Since 
the water passages are drilled at right 
angles through the piston core, it is im- 
possible for either rod-end to be turned 
into such position as to restrict the 
water passages to and from the piston. 
When cooling water is turned off, the pis- 
tons automatically drain to a level .below 
their centers. 

Metallic packing is used in all stuffing- 
boxes. Split segmental cast-iron rings 
held by a band spring surround the rod 
and lay in grooves in the box. The box 
is made in halves, for convenience in as- 
sembling around the rod. The boxes are 
deep and bottom at their inner end. Lubri- 
cation is delivered by force-feed between 
the packing rings. 


IGNITION 


The ignition system comprises a mag- 
netically operated make-and-break igniter 
for each end of each cylinder, a timet, or 
circuit-closer, and a source of electric 
current. Electrodes of each igniter are 
in series with its magnet coils, which con- 
stitute inductances for enhancing the 
sparks. Each magnet armature is mounted 
on the spindle of the rocking electrode of 
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ahead of the cylinders, as shown in Figs. 
1 and 2. The contacts are of the wiping 
type, made of tool steel, and are adjust- 
able for wear. A visible indicating spin 
dle shows the amount of contact in each 
terminal. surrounds 
the contact drum, the contacts extending 
All of the 


Fibrous insulation 


through it, as shown in Fig. 8. 


TI 3 

















oil. The wiring 
from the timer to each igniter plug is pro- 
tected by a 5-ampere inclosed fuse; con- 
sequently, should any igniter become dam- 
aged or short-circuited, it would have no 
effect on the other igniters. 

The time of ignition in all cylinders 
be adjusted simultaneously, and 
means for individual adjustment of the 
time of ignition in any cylinder end is 


wearing parts run in 


may 


CONSTRUCTION OF 
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effort on the crank-pin at each stroke. 

Two ignition dynamos, of 110 volts, are 

provided. ° 

PNEUMATIC STARTING DEVICE AND 
CONTROL 

An air compressor driven by a gasolene 


engine is provided for supplying com- 


Ye. 
Spills 
fe = 


if, a 






PISTON 


pressed air for starting the engine, the 
air being stored in a suitable steel re- 
The pneumatic starting gear on 
the engine consists of two shifter pistons 
mounted within the valve rocker-arm 
carrying pins of one cylinder. These pis- 
shifted by throwing a_ small 
three-way cock which applies compressed 
air to one side of the pistons, which in 
turn move the rocker-arms about 5 inch, 


ceiver. 


tons are 
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its igniter; the igniter points remain con 
stantly in contact except when the timer 
closes the circuit of the igniter; then the 
magnet coils are energized, the armature 


is attracted, rocking the movable elec- 


trode away from the fixed electrode and 
forming the spark. 
The timer is mounted on the cam-shaft 


SECTIONS OF CYLINDER, ILLUSTRATING ALSO 
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also provided. All of these adjustments 
may be made while the engine is running. 
The individual timing of each igniter 
allows the ignition to be so adjusted as 
to give indicator diagrams of equal area 
from both each cylinder, and 
thereby correct for inequality due to con- 
necting-rod angularity, obtaining the same 


ends of 

















Section at DD 





THE VALVE ARRANGEMENT 


bringing the cam rollers in line with an 
auxiliary cam which puts all the valves 
in both ends of one cylinder into two- 
stroke-cycle action, or, in other words, 
makes a poppet-valve air engine out of 
this cylinder. This permits the engine to 
be started stroke or either 
quarter. operation entirels 


on 


The 


any on 


being 
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automatic, the engine will run as long as 
compressed air is applied. The other 
cylinder remains unchanged as a_four- 
stroke-cycle gas engine and takes up its 
explosion after the first revolution. Com- 
pressed air is then shut off from the start- 
ing cylinder and the three-way cock re- 
versed, which the cam_ rocker- 
arms to their normal position, and that 
cylinder immediately into 


returns 
goes regular 
action. The starting gear adds very little 
to the mechanism of the engine, as the 
regular inlet and exhaust valves are used 
for distributing the air. There are no 
extra shafts or auxiliary valves and no 
tappings into the There is 
only one compressed-air pipe leading from 
the compressor to the sole plate. 

On a controlling pedestal are mounted 
a lever for controlling the free-air supply, 
the three-way cock, the compressed-air 
throttle wheel, the lever for controlling 
the gas supply and the ignition switch. 


cylinders. 
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Belts and Belt Transmission 


Charles F. Chase, in a paper presented 
at the recent meeting of the National Cot- 
ton Manufacturers’ Association, said that 
the losses the ordinary 
management of belts may be classed under 
two headings, tight belts and belt slippage. 

On this subject Jones & Laughlins 
quote the following from a New England 
cotton-mill engineer of high reputation: 
“IT believe that three-fourths of the 
trouble experienced in broken pulleys, hot 
boxes, etc., can be traced to the fault of 
tight belts. The enormous -and 
pressure thus put upon pulleys must in time 
break them, if they are made in any rea 
sonable proportions, besides wearing out 
the whole outfit, and causing heating and 
consequent destruction of the bearings. If 
manufacturers realized 


money due to 


useless 


how much this 


fault of tight belts cost them, in running 
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is consumed by a legitimate amount of 
friction of bearings and belts. 

Taking the cost of a horse-power at 35 
pounds of coal per day, per horse-power, 
and allowing 15 per cent. of the whole 
load as a from friction, 
one can see that the cost of running tight 
inconsiderable say 
the from 
the shortened life of the entire equipment. 

We are told that a mill with 1000 looms 
running on print cloth will turn out about 
5000 pieces per week. 


reasonable loss 


belts is no one, to 


nothing about loss resulting 


If there is an aver- 
age belt slippage throughout the plant of 
29 per cent. (do you take the speed of 
your various lines of shafting at full load 
and again at no load to ascertain what 
the slippage is?), there will be a loss of 
100 pieces per week. Figuring the value 
it will amount to $200 
per week or $10,000 per year. It will pay 
to go to a good deal of trouble to pre- 


of each piece at $2, 


vent such a loss. 
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This permits the engineer to start the 
engine, bring it up to speed and adjust 
the air and gas to a correct mixture with- 
out leaving his position. It is stated that 
this engine can be started and brought to 
running speed in one-half the time and 
just as easily and just as positively as a 
steam engine of similar size. The engine 
was built by the Riverside Engine Com- 
pany, of Oil City, Penn. 





The White Star Steamship Company, 
it is announced, will build new 
steamships, the keels for which will be 
laid in the Harland & Wolff yards, at 
Belfast, Ire., within the next six weeks. 
Each vessel will be not less than 840 feet 
long and of 78 feet beam; the tonnage 
being from 45,000 to 50,000. They will 
be fitted with both turbine and reciprocat- 
ing engines. The “Mauretania,” the lar- 
gest ship yet built, is 790 feet long and 
88 feet beam, and is registered as of 
$5,000 tons. 


two 
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their mills, probably they would ‘wake 
up.’ ” 
Below are some figures showing the 


power it takes in average modern mills, 





with first-class shafting, to drive the 
shafting alone (friction load) 
Per 
- Horse Horse 
Mill. 3 sap [Cent of 
Power. Power. Whole 
Whole Shafting 
Load. Alone. 
1 - 199 oe 51.0 25.6 
2 472 111.5 23.6 
3 486 134.0 27.5 
4 677 190.0 28.1 
5 759 172.6 22.7 
6 235 E 84.8 36.1 
7 670 262.9 39.2 
8 677 : 182.0 26.8 


These may be taken as a fair showing 
of the power that is required in many of 
our best (not worst) mills to drive shaft- 
ing. It will be seen that the percentage is 
large—from 22 per upward. It is 
unreasonable to think that all that 


cent 
power 
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REMOVED 

When is a belt the sense of 
being “too tight” and when is a belt not 
The tightness of a belt 
is not ordinarily criticized until it causes 


tight in 
“tight enough?” 


On the other hand a belt 
“tight 


a hot bearing. 
is considered enough” until slip 
page becomes apparent to the senses, or 
until, as we have been told it is customary 
in some mills, the regular time comes 
round to shorten (tighten) every belt in 
the plant. 

From our point of view any belt is “too 
tight” that is wasting power in friction 
that can be easily saved, while any belt 
is “tight enough” that runs all right, does 
not slip, and has sufficient pulley contact 
to keep well within the strength of the 
leather to withstand the strain put upon 
it. 

The illustrated with repro- 
duced photographs of a number of belts 
run very loosely, as is advocated by the 
Cling-Surface Company, with which the 
auther is 


paper is 


connected 
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Operation of Polyphase Induction Motors 


Practical Information for the Guidance of Engineers, Treating 
of Auto-starters, Motor Installation, Causes of Short-circuit, etc. 





oY Rk, 


During my early experiences with the 
polyphase motor I often felt keenly the 
lack of information regarding the prac- 
tical operation of these machines; for al- 
though volumes have been written on 
theory, the actual location of trouble and 
its correction have been generally ignored. 
The object in writing this article is to 
supply to less experienced engineers some 
of the information which I used to want 
so badly. Constant-speed motors only 
are dealt with, and with regard to elec- 
trical troubles only. 


AUTO-STARTERS USED 
All constant-speed induction motors of 
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5 horse-power and more are started by 
means of an auto-starter. This device 
is a regular transformer in every respect 
save that it has but one coil instead of 
two, but the principle of operation is the 
same, fundamentally. It supplies a cur- 
rent of low voltage for starting the mo- 
tor, and must not be confused with the 
rheostats used in direct-current work, 
which reduce the voltage at the motor by 
loss of energy in dead resistance. Taps 
are provided on the auto-starter by means 
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of which any one of several voltages are 
available for starting the motor; conse- 
quently the starting torque of the motor 
may be varied. 

In making changes in the starting taps 
care must be exercised that all the phase 
leads to the starter are connected to taps 
of corresponding numbers. Taps of the 
higher numbers give greater starting 
torque than those of low numbers, but 
as they also draw more current from 
the line, the lowest-numbered taps on 
which the motor will start should be used. 

Most modern auto-starters have extra- 
heavy fuses for starting, besides the nor- 
mal fuses for running, the latter being 
switched into circuit by the starter when 
the handle is thrown to the running posi- 
tion. As all these fuses are external to 
the starter, a number of leads leave the 
starter case, varying with the type and 
number of phases, and close attention 
must be paid to the connection diagram 
furnished, as by improper connections of 
these leads, it is possible to start the 
motor in the correct direction and have 
it reversed when the starter handle is 
thrown to the running position, resulting 
in the prompt blowing of the running 
fuses. 

In two-phase starters provision is made 
for four line wires, two of which must 
be joined for three-wire circuits. If the 
proper two are not joined, blown fuses 
will surely result. The two which should 
be joined are those which do not include 


the starter coils in their circuit but run: 


right through the starter to the motor 
terminals (see Fig. 1). 

Some of the older types of starter 
have two covers over the ends on which 
are cast the words “To line” and “To 
motor,” respectively. If these covers are 
accidentally interchanged and the starter 
connected as they indicate, disaster would 
result because the starter instead of step- 
ping down the voltage would raise it 
far above the line pressure and very 
likely damage not only itself but the 
motor as well. In order to be sure, it is 
safest to connect lamps of the proper 
voltage across the leads to the motor and 
leave the motor disconnected. On throw- 
ing in the starter the lamps should light, 
dimly at first, but coming up to candle- 
power when the handle is in the running 
position. Try this on all phases and if 
the lamps indicate the normal voltage 
the starter is connected correctly (see 
Fig. 2). 


FENKHAUSEN 


INSTALLATION OF MorTor 


As far as the installation of the motor 
itself is concerned little need be said be- 
yond advising that it must be level, prop- 
erly lined up, and the slack side of the 
belt on top whenever practicable. 

For three-phase motors, the three wires 
leading from the starter may be connected 
to the motor in any order at first; if the 
motor runs the wrong way, reverse any 
two of the leads. 


For two-phase four-wire work, - the 
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phases must be kept separate; this car 
be easily accomplished by testing first 
with lamps or a voltmeter, as the two 
wires of each phase will give full voltage, 
whereas two wires of different phases 
will only give 0.707 of the rated voltage. 
If the motor runs the wrong way, reverse 
the two leads of one phase only. 

In two-phase three-wire work, run the 
three wires to the motor, join the two 
neighboring terminals of the two phases 
of the motor and connect the junction to 
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the lead which is connected to the two 
wires at the starter. This connection 
may be tested for with lamps as follows: 
The common return to the two jé@ined 
wires and either of the other wires give 
the line voltage, but both other wires give 
1.414 times the voltage. Therefore when 
the lamps are connected so that they show 
far above the rated voltage, the remaining 
wire is the common return. To reverse 
this motor, change the leads that connect 
to one phase only of the motor. 
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FIG. 3 


On four-wire two-phase circuits, when 
the phases are interconnected, it is pos- 
sible to dispense with starters, as a voltage 
of 0.707 of the line voltage may be ob- 
tained for starting by the use of a double- 
throw switch connected as indicated in 
Fig. 3. 

The proper size of fuse to use for start- 
ing is about 1% to 2 times the marking 
of the name-plate, and for running, about 
25 per cent. greater than the name-plate 
marking. For two-phase three-wire mo- 
tors the common return fuse should be 
1.414 times the capacity of each of the 
others. 


CALCULATING FULL-LOAD CURRENT 
The full-load current may be calculated 
as follows: 
H.P. of motor < 746 
voltage X efficiency X power factor 
= amperes. 





Dividing this by 2 for two-phase cir- 
cuits and by 1.732 for three-phase circuits 
will give the full-load current per lead, 
which should correspond to the figure on 
the name-plate. The product of efficiency 
and power factor is usually around 0.70 
for moderate-sized motors when running 
with full load. 
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When starters are used which do not 
cut out the running fuses when starting, 
much larger fuses must be used, but as 
this leaves the motor unprotected from 
overloads it is advisable to short-circuit 
the fuses by a separate switch, which 
must, however, be opened as soon as the 
motor is up to speed. 

When once the motor is in operation, 
little trouble need be expected for a long 
time if the machine is kept clean and not 
overloaded. Even a heavy overload will 
usually result in nothing more serious than 
a blown fuse, as the induction motor is 
a very hardy machine. 

After some time has elapsed minor 
troubles are to be expected due to ordi- 
nary wear and depreciation, and the fol- 
lowing instructions will probably be use- 
ful in locating them. 


CourRSE WHEN Moror FAILs To START 


When a motor fails to start, first exam- 
ine the fuses, and if they are all right, 
and the bearings are not “frozen” from 
lack of oil, remove the load and investi- 
gate the starter. It frequently happens 
that some of the contact fingers or clips 
get worn sufficiently to break contact on 
one phase, which would of course prevent 
the motor from starting, but it would hum 
loudly on the other phase. The remedy 
is to inspect all starter contacts occasion- 
ally and see that they bear firmly on the 
drum, giving them about 1/32-inch play. 
Too much play will cause the fingers to 
catch on the drum and bend. 

lf the starter seems all right, disconnect 
the motor and substitute lamps for it 
If they light, that indicates that every- 
thing is all right up to the motor. 

The motor should then be tested for 
open circuits and grounds in each phase, 
and then for a cross between phases. 
This may be done on a two-phase motor 
right at the binding posts, but on a three- 
phase motor, it will be necessary to open 
the star or delta connections within the 
motor in order that the phases may be 
tested separately. The internal connec- 
tions of a three-phase motor winding are 
shown in Fig. 4. 

For testing motor windings direct cur- 
rent is best, because false indications are 
sometimes given by alternating current 
when used by those unfamiliar with its 
peculiarities. However, as the hand mag- 
neto is generally the only means at hand 
for testing, it is most likely to be used 
and will in most cases give satisfaction. 
If the motor heats‘up when running and 
is not overloaded, the trouble is probably 
either that the motor is running on cre 
phase, or else part of the winding is 
short-circuited. Examine the starter for 
bad contacts as mentioned under “Failure 
tc start,” because the running connections 
are made by different contacts from the 
starting connections, and after the motor 
is once up to speed it will continue to run 
on one phase, resulting in the case of a 
two-phase motor in a 100 per cent. and 
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in a three-phase motor a 200 per cent. 
overload on the remaining phase, which 
would heat the motor to the danger point 
in a very few moments. 

CAUSES OF 


SHORT-CIRCUIT OF WINDINGS 


A short-circuit of part of the winding 
may be caused by crossed-end connections 
between coils, crossed phases or two 
grounds on different. parts of the same 
machine; it is easily located by measur- 
ing the resistance of each phase. This 
can be done roughly by connecting a bank 
of lamps across the line in series with 
each phase; any difference between the 
resistances of the several phases will be 
indicated by the lamps on the defective 
phase being brighter than the others. If 
an ohmmeter is at hand, the resistances 
can be quickly measured and compared, 
without using the lamp test. 

When the trouble is located in any one 
phase, disconnect each group of coils form- 
ing one pole winding until the faulty 
group is found, then separate the coils in 
that group until the defective coil or 
coils are found. If only one or two coils 
are damaged and they can neither be 
patched nor displaced by new ones imme- 
diately, it is sometimes permissible to 
make a temporary repair by cutting each 
turn of the burned-out coils in half, and 
then bridging over the adjoining coils, 
leaving them in this condition until the 
damaged ones can be displaced. This is 
not recommended, however. 

A grounded motor may sometimes be 
kept in service if there is only one ground, 
and the machine is badly needed, by in- 
sulating the frame from the ground. This 
is practical only when belt drive is used; 
it would be extremely difficult to insulate 
a geared or direct-connected motor and 
would consume more time than the re- 
pair of the motor. Men should be warned 
not to touch a motor when it is in this 
condition, as serious injury might result. 

The motor of a constant-speed squirrel- 
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cage motor is subject to very little trouble 
because the “winding” is a solid mechan- 
ical structure of heavy bars and end 
rings firmly bolted together. It carries a 
current of very low voltage but great 
amperage, and although the chance of in- 
sulation trouble is very small, the large 
currents carried make perfect contacts 
essential. 


RESULTS OF VIBRATION 


If the vibration of the motor loosens 
the bolts, the joints will heat, and the 
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surface of the metal will scale and burn. 
This makes worse contact and more heat, 
and the trouble gets worse and worse, 
finally resulting in burned off bolts, which 
usually fly out and strike the stator coils, 
possibly destroying the winding. Even 
should the bolts not burn off, the heat 
of the bars will destroy the paper insula- 
tion on part of the rotor and tend to 
deflect the shaft of the motor and allow 
the rotor to strike the stator core by rea- 
son of the unequal magnetic pull of the 
grounded part of the rotor. It is therefore 
advisable to try the bolts of the rotor 
“winding” occasionally. 

lf a bad shape it 
should be taken apart, the rings and bars 
thoroughly cleaned and polished with sand- 
paper, and then the outer surface of the 
rings, and the ends of the bars where 
they are bolted to the rings, well tinned 
with good solder. The bars should then 
be reinsulated with heavy fish-paper or 
leatheroid and the winding reassembled. 

The object of tinning the bars is that 
if they should again heat, the tinned sur 
faces will become soldered together and 
not scale as they did before. 


rotor does get in 





Catechism of Electricity 
RHEOSTATS 

What is a rheostat? 

A device for introducing a 


678. 
variable 
amount of “dead” resistance in a circuit. 
It usually consists of coils of 
wire and a series of connections whereby 
of the may be in- 
cluded in the circuit it is applied to. 

679. How is this usually effected in 
practice? 


several 


more or less wire 


The resistance wire is connected at in- 
tervals to stationary contacts with which 
a movable conductor engages; the amount 
of the resistance in the circuit depends 
on which contact the movable conductor 


touches. This is illustrated diagram- 
miitically by Fig. 222. Here one terminal 
of the circuit is shown at -e, the re- 


sistance at .x, and the other terminal 
of the circuit is shown at c, the re- 
sistance being then controlled by the 


metal contact arm m. With the arm m at 
o, none of the resistance x is in circuit, 
but as m is moved toward the right over 
the studs s, it introduces in circuit at any 
one time the resistance of x between the 
stud upon which the arm rests and o. 

680. In what form are rheostats for 
switchboards made? 

Rheostats for mounting on the front 
of a switchboard are either self-contained, 
like the one in Fig. 223, or else the con- 
tact studs are mounted directly on the 
switchboard panel and the spindle of the 
movable arm extended through the board, 
being mounted separately. The latter 
method possesses some disadvantages. If 
the purchaser intends to have the board 
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built up at his plant, he will be obliged 
to have a hole drilled through the marble 
for each of the studs; this is a laborious 
undertaking, and the trouble of making 
all the connections is great. 

The switchboard presents'a much neater 
appearance the rheostats are 
mounted at the back. Thus in Fig. 224 
the rheostat a b is supported at the back 
of the switchboard c, only the hand-wheel 
h and the three nuts belonging to the 
supporting rods ec, v and s appearing on 
the front. 

681. How should the resistances used 
in rheostats be constructed? 

They should be of such size that they 
will not heat too much and not vary in 


when 


value while in service. When carrying 
the largest current, their temperature 
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FIG. 222. DIAGRAM OF A RHEOSTAT 
should not rise above 195 degrees, Fahren- 
heit. 

682. How the 
the other parts of a rheostat? 

Rheostats intended to be mounted be- 
hind the switchboard are sometimes built 
so that the studs face toward 
the board; usually, this is objectionable 
because when breaks or loose connections 


about construction’ of 


contact 


ececur it is difficult to locate and repair 
them. A better way is to let the spindle 
to which the movable conductor is fast- 
ened extend entirely through the rheostat 

















FIG. 223. A SELF-CONTAINED RHEOSTAT FOR 


THE FRONT OF A SWITCHBOARD 


so that the contact studs may face away 
from the switchboard. 

683. Which is the best method of 
fastening the rheostat to a switchboard? 
To insure positive and easy operation, 
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the rheostat should be attached directly to 
the marble; this may be done by passing 
bolts through the marble and through the 
corgers of the rheostat, and providing 
these bolts with staple nuts on the face of 

















FIG. 224. SELF-CONTAINED RHEOSTAT 
MOUNTED AT THE BACK OF 


THE SWITCHBOARD 






the board. If the rheostat be a light one, 
no other fastening is necéssary, but if it 
is heavy or long, a brace, usually of iron, 
should be attached to the outer end and 
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FIG. 225. MOTOR-STARTING RHEOSTAT 
MOUNTED ON THE BACK OF A 


SWITCHBOARD 


to the inarble above or below. To burden 
the marble with too much weight in one 
place is liable to crack it, especially if it 
is subjected to vibrations. 

Motor-starting rheostats, however, are 
usually self-contained and mounted on 
the front of the switchboard. Even this 
type and preferably is, behind 
the board with the hand-wheel in front, 
as shown in Fig. 225, where the hand- 
wheel is shown at a, mounted on the rod 
c, which passes through the switchboard d 
to the starting rheostat s. 


may be, 
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Engineers’ Examinations 


By. H. E. DarLincton 

I have read a great deal lately about 
engineers’ examinations, and I would like 
to tell you of my experience in Ohio. 

I got a job and went up to the inspec- 
tor’s office to get my license. I found 
the office and the inspector. I stated my 
business and was handed a card with 
some printed questions on it, and was 
told to sit at a desk in the outer office 
and write out the answers to the ques- 
tions. I was told to take my time and 
write as clearly and concisely as possible ; 
if I did not finish in one day, I could take 
two or more days, only that I must take 
no papers, questions or notes from the 
room; and it was expected of me that I 


would not consult books of reference 
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I started in on 


while out of the office. 
my examination, and it seemed so fair 
that I made an effort to remember the 


questions I received. I may have missed 
a few, but I give you the questions and 
the answers which I gave as I remember 
them. 

1. Which is stronger, a lap seam or 
butt-and-strap seam? 

rhe 


form of double-riveted 


strongest 
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lap seam cannot exceed 72 per cent. of the 
strength of the whole plate, while the 
engineers of the Hartford Steam Boiler 
Insurance and Inspection Company have 
designed a butt-and-strap seam which has 
04 per cent. of the strength of the whole 
sheet. 


2. What 


is the 


difference between a 
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FIG. 4. OPEN TYPE FEED-WATER HEATER 
tandem engine and a cross-compound en 
gine ? 

In the tandem engine both the high- 


and low-pressure pistons are upon the 


same rod, one behind the other. There 
are but one irame and one crank, while 
with the cross-compound engine there 


are really two engines connected to op- 
posite ends of the same shaft, usually 
at 90 degrees. In nomenclature 
the tandem engine is called ‘steeple com- 
pound” and the cross-compound engine is 
called “fore and aft compound.” 

3. In what position should the crank 
be when keying the brasses ? 

It is generally supposed that the pins 
wear a little out of round, and that the 
brasses should be keyed when the engine 
is off the center; at or nearly half stroke 
is considered the best position. 

4. What should be done if the steam 
gage registers a higher pressure than the 
safety valve is set for? 

First see if the safety valve is stuck; 
if it is not, the gage is wrong and should 
be corrected. If the valve is stuck, blow- 
ing will probably make everything all 
right. It can be blown by using the lever. 

5. How would you set the valve of a 
common slide-valve engine? 

Get the eccentric-rod and the valve-stem 
of such a length that by turning the ec- 
centric over on the shaft the valve will 
travel equally over the ports, then put 
the engine on the center and turn the 
eccentric in the direction it is to run until 


marine 
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the valve has the proper amount of lead. 

6. How would you set the slide valve 
of a duplex pump? 

Place both pistons in the exact middle 
of their travel; the rocker-arms should 
then be vertical; then adjust the length 
of the valve-stems so that the valve will 
show equal port opening as the valve is 
pushed first against one side of the block 
or nut which moves the valve and then 
against the other. 

7. Give reasons why the water leaves 
the boiler during the night? 


Sometimes the blow-off and other fit 
tings leak, and sometimes considerable 
steam is generated after the fires are 


banked, which condenses in the piping; 
or it may blow out through the safety 
valve. 

8. How does an injector force water 
into the boiler against the pressure? 

The jet of steam rushes into the vacu- 
um formed by its condensation with great 
velocity, some of which it imparts to the 
.water, and the momentum is sufficient to 
overcome the: pressure in the boiler. 

9. What are lap, lead, expansion and 
clearance? 
Lap is the amount or distance the valve 


e* Exhaust 
| Outlet 








Hot Water 
Outlet 


























Coir i Water 


a. 








FIG. 5. 


CLOSED TYPE 


FEED-WATER HEATER 


must move from the middle of its travel 
to uncover the port. Lead is the width of 
port opening when the engine is on the 
center. Expansion is the increase of the 
volume of steam as it follows the piston 


after the valve is closed. Clearance is 


the space between the face of the piston 
and the face of the valve when the pis. 
ton is at the end of the stroke. 

10. In a standpipe 85 feet high would 
















you pump into the bottom or over the 
top, and why? And what would be the 
pressure at the bottom when full? 

I should pump into the bottom because 
there would be a lower pressure to pump 
against when the pipe was only partially 
full. A column of water one inch square 
and one foot high weighs 0.433 pound. 
A column 85 feet high would weigh 85 
0.433, Or 37.2 pounds. Hence the pres- 


Uptake to Chimney 


eam 
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engine is to be shut down for a year or 
more? 

Cylinder head, piston and _ valve-chest 
covers should be removed, and all bear- 
ing surfaces and parts that can rust cov- 
ered with cylinder-oil, vaseline or a mix- 
ture of white lead and tallow. 

17. What keeps the crank moving past 
the dead center? 

The momentum of the fly-wheel. 
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RETURN-TUBULAR BOILER 


sure would be 37.2 pounds per square 
inch. 

11. Describe the difference between an 
automatic engine and a throttling en- 
gine? 

In an automatic engine the travel of 
the valve or valves is controlled by the 
governor. Ina throttling engine the valve 
travel is constant and the speed is con- 
trelled by the amount of steam admitted 
to the cylinder by the governor. 

12. What is meant by counterbore? 

Counterbore is an enlargement of the 
cylinder at each end, into which a part 
of the piston travels, preventing the for- 
mation of shoulders in the cylinder. 

13. If you have a slipped eccentric can 
you reset it without taking off the steam- 
chest cover? 

The eccentric can be reset at nearly its 
right position by putting the engine on the 
center and turning on a little steam, and 
then turning the eccentric on the shaft in 
the direction that the engine is to run until 
steam opens out of the open-cylinder 
drain-cock. 

14. In case you neglect to clean your 
boiler, what might happen? 

The scale might accumulate to such 
an extent that it would keep the water 
away from the sheet, and the heat of the 
fire would soften the iron of the sheet 
to such an extent that a bag would result. 

15. In the feed-water line would you 
place the check-valve nearest the boiler, 
or a globe valve? 

The globe valve should be placed near- 
est the boiler because the globe valve 
could then be closed, and the check in- 
spected or repaired. 

16. What should be done in case an 


18. Give two simple ways to clean 
scale from an injector? 

Boil the injector in a weak solution of 
muriatic or sulphuric acid—say one part 
acid to five of water—until the scale has 
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on the suction side, which allows the 
forcing of a part of the water under the 
descending plunger into the other cylin- 
der. 

20. How much water will be deliv- 
ered by a steam pump with a 12-inch 
cylinder by 10-inch stroke, of 4-inch ces- 
tion and with a 3-inch discharge pipe? 

It would depend entirely upon the speed 
at which the pump was run. With a wa- 
ter travel in the discharge pipe of five 
feet per second, which is fairly good prac- 
tice, it would deliver about 110 gallons 
per minute. 

21. What would be the horse-power of 
an engine with a 20x20-inch cylinder at 
120 revolutions per minute, with an aver- 
age pressure of 60 pounds per square 
inch on the piston? 

The horse-power rule is commonly ex- 
pressed thus: 

PLAN 


“=HP. 
33,000 


Substituting values for letters it would 
read thus: 


60 X 25 X 314.16 K 120 


33,000 “—- 


22. Where are the stays and braces 
located in a tubular boiler? 

Stays and braces are of several kinds 
and are used to support the flat surfaces 
of the boiler heads above the tubes, and 


















































WATER-TUBE BOILER 


been dissolved. Take the jets out of the 
body of the injector and clean them me- 
chanically. 

19. While using a duplex pump what 
should be done if the water gets too high 
in the boiler? Also, while using a power 
pump? - : 

In the case of the steam pump slow it 
down by means of the throttle. With 
the power pump, use the by-pass valve 


of the dome when one is used. Stays 
pass from end to end of boiler, while the 
braces run diagonally from the flat sur- 
face to be supported to the cylindrical 
surface, usually at-an angle of about 60 
degrees. 

23. What is pitting and where does 
it occur in a boiler? 

Pitting is the corrosion of the shell 
or tubes of a boiler by solvents con- 
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tained in the water. As its name indi- 
cates, the corrosion forms pits or small 
holes. It takes place anywhere below the 
water line. 

24. Explain how it is possible for a 
pump to lift water from a-source below 
itself. 

The pump piston forces the air out of 
the pump cylinder, and it is prevented 
from returning to the cylinder by the 
discharge valve. This reduces the air 
pressure in the suction pipe, and the air 
the surface of the tvater 
forces the water into the pipes to take the 
place of the air displaced by the’ piston. 


pressure on 


25. How would you place an engine 
on the dead center? 

Turn the engine until the crosshead is 
about half an inch from the end of its 
stroke, mark the position of the cross- 
head on the guide. Place a marker 
against the edge of the fly-wheel and 
make a mark b, Fig. 1, upon the fly- 
wheel opposite the marker. Then turn 
the engine until the crosshead completes 
the stroke and comes back until the mark 
on the guide is in line again. The crank 
will now be as much below the center 
as it was previously above it. In this 
new position make another mark c, Fig. 
2, upon the fly-wheel opposite the pointer. 
Midway between the points or marks upon 
the fly-wheel make a mark, e, Fig. 3, 
then turn the engine until this mark is 
opposite the pointer and the engine will 
be on the dead center. 

26. Describe the difference between an 
open and a closed feed-water heater and 
make sketches showing the difference. 
open feed-water heater the ex- 
haust comes in direct contact with the 
water to be heated, Fig. 4, and in the 
closed heater the water is separated from 
the exhaust steam, the exhaust steam go- 
ing around the outside, usually, of the 
tubes through which the feed-water pass- 
es, Fig. 5. The sketches illustrate 
the difference. 

27. Make a sketch of a water-tube boil- 


In an 


two 


er showing the setting and furnaces. 

The sketch accompanying this question 
shows a vertical-header water-tube boiler 
as near as I could draw it from memory. 

28. Make a sketch of a tubular boiler 
showing draft and combustion chamber. 

The sketch accompanying this question 
is of an ordinary horizontal tubular boil- 
er as nearly as I can remember. 

There were several other questions 
asked to which I replied but which have 
escaped my memory. Except for the mak- 
ing of the sketches, I consider the exam- 
ination a very fair one, and was not at 
ll surprised when the inspector mailed 
me a license. If the questions which 
lave escaped my memory should occur to 
ne I will some time in the very near fu- 
ture send them in. 

I consider the working of the Ohio 

w much superior to that of Massachu- 
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setts, as it gives the applicant a chance to 
show whether he really understands what 
he is being examined upon or not, with- 
out the intimidating effect of an inquisi- 
tor at hand ready to pounce upon the 
first little slip of the tongue, and then, 
too, it nearly if not quite eliminates the 
possibility of a graduate of’one of the 
numerous engineers’ schools owned by an 
ex-inspector showing partiality in favor 
of a graduate of the same school, to the 
manifest injury of equally able engineers 
who were not graduates of this school. 





Tests of a Vertical Gas Engine 


four- 
cylinder gas engine, coupled to a dynamo 


A series of tests of a_ vertical 


built by the General Electric Company, 
has been carried out by Crossley Brothers, 
Limited, at a mill at Manningham, where 
the combined plant is used for generating 






No, 1 Cylinder 
M.E.P. 76 Lbs. 





No. 3 Cylinder 


M.E.P. 64 Lbs. 








GAS-ENGINE 


electricity for driving and lighting pur 
poses. The gas is obtained from a suc- 
fuel. 
The engine was designed to develop 187 
brake horse-power as a full working load 


tion-gas plant using anthracite as 


when running at 250 revolutions per min- 
ute, and has cylinders 14 inches by 16 
inches; the dynamo is rated at 140 kilo- 
watts, or about 10 per cent. overload on 
the engine, which has been successfully 
developed for periods of one hour with- 
out trouble from pre-ignition. The trials, 
we are informed, were carried out under 
ordinary working conditions. Tests Nos. 
1 and 3 each extended over a period of 
ten hours continuous running, while No. 
2 was for a period of five hours. The 
stand-by losses on the suction plant dur- 
ing each night represented as an 
average of 80 pounds to 90 pounds of 
coal per night. The accompanying fig 
ures speak for themselves, but it may be 
added that the cyclinal speed variation 


are 


was less than I per cent., while the total 


INDICATOR DIGRAMS 
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variation in revolutions per minute from 
no load to full load was rather under 
2’ per cent. 

GENERAL FUEL RESULTS OF TESTS OF 


A FOUR-CYLINDER CROSSLEY 
GAS ENGINE 


Test number........... l 2 3 
» { Dec. 31, Jan. 1, Jan. 2 

date of tes 4 b . 
Date of tent i} 197) «148 || 1908 
Duration of test... ... Whrs. Shrs. 10 hrs. 
Work in kilowatt-hours. 1130 467.5 1230 
Average load, kilowatts 113 93.5 123 
Total coal used, pounds,.| 1275 741.0 1584 
Pounds of coal per kilo- 

watt-hour. rimagniekn 1.13 1.58 1.29 

The accompanying indicator diagrams 


the series taken at 
-The Engineer (London). 


are representative of 
the trial. 





Largest Belt in the World 


What is believed to be the largest belt 
in the world was recently installed in the 






No, 2 Cylinder 


M.E.P. 66.5 Lbs. 








No. 4 Cylinder 


M.E.P. 65.5 Lbs. 











Dempster sawmill at Tacoma, Wash. The 
hides of 2 needed for 


25 steers 
Only the centers ef the hides 


were 
making it. 


were used and each of these was stretched 


for weeks to insure perfectly even strength 
in all parts of the proposed belt. The 
belt is 114 feet long, & feet wide and 


three-ply thick. The weight of the belt is 
something over 2500 pounds. 

Not a peg, rivet or fastening of any 
kind was used to weld the pieces of hide 
together. The best quality of cement was 
used and the places where the hides over- 
lap welded by the weight of a hydraulic 
press bearing 250 pounds pressure to the 
square foot 

The machinery of the mill surpasses 
that of any other sawmill in the world in 
size. The largest steel circular saw ever 
made is there, measuring 8 feet and 5 


inches in diameter. It is capable of saw- 





ing the largest logs found in the North- 








west. 
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Cement and Concrete for Boiler 
Setting 


By R. I. BLAKNEY 

For making concrete care must be taken 
to select sand and gravel free from gran- 
ite or rock that will crumble with heat, 
and the gravel should be washed thor- 
oughly clean. Furnace slag which has 
been broken and washed is good for the 
purpose. The proper proportions are: 
Five parts of gravel, three of sand, and 
one of cement. Cement should never be 
put in a form without being tamped, using 
either a thin board, say half an inch 
thick, or a spade, working the cement 
down alongside the ship lap for a smooth 
surface. The cement should be stirred 
thin, so it will run out of a wheelbarrow 
or hod. 

Rock salt should be added, when cement 
is used for fire purposes, in the propor- 
tion of about 15 or 20 pounds of salt to 
one barrel of cement. The salt should be 
broken up so it will easily go through a 
No. 4 mesh sieve and be well distributed 
through the sand and gravel. Sometimes, 
too, it is dissolved in the water used for 
wetting the mixture. 


To Set THE BoILers 

Figs. 2 and 3 show how boilers may be 
suspended by lugs and haw the trusses, if 
made of wood, may be constructed. In 
standing up the posts of a truss, place 
them so the wall will come against them. 
Nail a batten on the post 7% inch from 
inner edge, so the ship lap will come flush 
with the inside edge of the post. The 
walls should be 14 inches at the top and 
16 inches at the bottom. Place a 2x4-inch 
piece lengthwise, as shown in Fig. 1, then 
place 2x4-inch uprights every 22 inches. 
Nail a piece across the tops of the up- 
rights and other pieces along the side, to 
keep the wall straight and to serve as 
iM, 
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Sy/} Timber Truss 
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Furnace Slag 
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braces. For the inside, put as few nails 
as possible, and brace as shown. When 
the form side pieces are taken out, the 
top ones removed, and the longitudinal 
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HOW BOILERS MAY 
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BE SUSPENDED 


2x4-inch strip taken out, the inside section 
of the form will easily come apart. 


THE FouNDATION 


In the first place, I should have men- 
tioned the floor, or foundation, which is 
the most important part. The ground 
should be leveled and pounded until there 
are no spots to settle. Then there should 
be from ro to 18 inches of concrete laid 
down and tamped level and hard. This 
should be allowed to stand at least on 
day for every inch in thickness, which 
rule applies to the walls, also. When the 
walls have set sufficiently, take down the 
forms, line up the inside with fire-brick, 
and square up the front corners with 
common brick, as shown in Fig. 3. The 


prepare to cover the top of the boilers 


SUSPENDING THE BOILERS 


When hanging up the boilers, rais 
them about 34 of an inch higher than 
they must be when in place, or when 1 
use. Then take building paper and cove 
the top of the boiler wherever the cement 
may come in contact with it, as at the 


hanging rods, the dome or vertical steam 
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FIG. 3. 


Next put on the concrete, 5 to 12 
thick. 

After being properly set, unscrew the 
nuts on the rods and lower the boiler into 
place. This leaves a space all around the 
boiler. 


pipe 5. 
inches 


FEED-WATER PANS ON THE ARCHES 


In Fig. 2 is, shown how feed-water 
pans, made of sheet iron or boiler plate, 
may be located on the arch castings. They 
are set so water may be put in one and 
pass along to the last one and thence to 
the feed, when it is cooled to the proper 
temperature. 


ProtecTED CEMENT Lasts LONGER THAN 
Brick 

Care should be used in putting in the 
fre-brick lining to set the bricks properly 
against the cement wherever it comes into 
proximity with the fire. It is also im- 
portant not to rest any part of the boiler 
or grate-bars on the concrete. Protected 
cement, far as my experience has 
shown, lasts longer than brick, and with 
proper foundation will not crack, as there 
appears to be very little expansion from 
heat; and the writer feels safe in saying 
that a very liberal per cent. will be saved 
in fuel, also. This latter claim is sub- 
tantiated by the fact that there is very 
little radiation, as compared with brick 


settings. 


as 


AN EXCELLENT RECORD 
he plans shown were taken from the 
stam plant of the Pacific Lumber and 
limber Company, of Seattle, Wash. E. 
\W Craven, president and general man- 











FULL-FRONT 


VIEW 


ager of the company, as well as head of 
the Craven Brothers Construction Com- 
pany, states that cement is the only boiler 


setting for him, and it 


is 


through the 
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Mr. Craven that the details 
of this boiler setting were obtained. In 
June, 1905, he started the fires under the 
boilers, and they have never been cooled 
off up to date. 


courtesy of 


There is no visible sign 
of wear or burning out, and not a crack 
in the walls. Nearly one ton of scrap- 
wire rope was used in the walls and over 
the boilers, which tends to strengthen the 
setting. While this may be an expensive 
setting at first, there is no doubt but the 
difference in the cost of fuel and repairs 
will pay for the setting in a comparatively 
short time. The bridgewall may be made 
of common brick and covered with fire 
brick, instead of concrete, if desired. If 
made of concrete, it can be put in after 
the walls are built. 





Sewage Pumping Stations at 
Dayton, Ohio 

The city of Dayton, Ohio, lies in a val- 
surrounded by hills 
drain very rapidly. At this point, sev- 
eral streams unit to form the Great Miami 
river. in summer 
significant proportions, but in late winter 
and early spring, after a sudden rain or 


1 — 
ley whose _ slopes 


This stream is of in- 


melting snow, it rises in a few hours to 
the proportions of a great river. To pro- 
tect the city from inundation, levees are 
maintained, but a in the river cuts 
off the sewers and it is necessary to close 


rise 
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PLANT, 


DAYTON, OHIO 


696 


tthe gates at the outfalls to prevent the 
‘river backing up into the 
‘houses. At such times it is necessary to 


streets and 
raise the sewage and discharge above the 
flood After careful investigation 
and some costly and unfortunate experi- 
ments with steam pumps and pneumatic 


level. 


ejectors, which either required too much 
attention or were too expensive or uncer- 
tain in operation, the city of Dayton de- 
cided to install automatic electric pumps 
and awarded the contracts to the Dayton 
Hydraulic Company, builder 
of the “Brooks” and “Dayton” centrifugal 
pumps. 

When 
upon as the driving power, central-station 
the 
satisfactory generating source, since power 


Machinery 


electric motors were decided 


power was also accepted as only 
can be obtained on a moment’s notice at 
time, night or 
the entire 


boiler and engine troubles, as these are 


any day. Consequently, 


there is elimination of steam 
all cared for by the central station, which 
is running at all times, whether the water 
Were any 


other power adopted for the pumps, the 


in the river is high or low. 
maintenance and operating charges would 
be increased. 

Three 
structed in various sections of the city. 
The first 


stations have so far been con- 


is equipped with two vertical 

















INTERIOR OF LEHMAN STREET PLANT, SHOWING 


POWER 




















4500-GALLON 
WORTH 


CENTRIFUGAL 


STREET 


PUMP IN LONG- 
PLANT 


May 5, 1908. 


2500-gallom “Brooks” subswerged centri- 
fugals, geared to 20 horse-power, hori- 
zontal, “CCL,” three-phase,. 60-cycle West- 
inghouse motors. The moters.are started 
and stopped by standard oil-switch com- 
pensators which are operated by hydrau- 
lic pistons controlled by float switches de- 
signed and built by the Dayton Hydraulic 
Machinery Company under its patents. 
The hft is variable, averaging about 20 
feet. The discharge is through a check- 
valve at a _ point 
water. 


below extreme high 
The operation of these pumps is 
entirely automatic, it being only neces- 
sary to them occasionally and 
the filled. Upon 
notice of a rise im the river, the gates are 
the current turned on, after 
which the pumps cut in and cut out auto- 


matically with the rise or fall of the sew- 


imspect 


keep oil receptacles 


closed and 


age in the pits. 

The second station, at Longworth street, 
has three units, and the third station, at 
Lehman street, two, each consisting of a 
vertical 


“Brooks” 


double-suction 
gallon 


submerged 4500- 
centrifugal, direct-con- 
nected to a 40-horse-power, vertical-type, 
ses De 2080-volt 


Westinghouse motor. 


three-phase, 69-cyele, 
The starting apparatus at these last 
floats which 
operate the valves on a hydraulic piston, 


two stations consists of 
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using water under pressure from the city 


mains. On starting, this piston raises the 
lever on a Westinghouse auto-starter to 
the starting position, at the same time 
rotating an arm carrying a heavy coun- 
terweight which, by the time the motors 
have picked up speed, falls, and by means 
of a pawl drops the lever to the running 
position. On stopping, the reverse mo- 
tion given the counterweights moves the 
lift to the cut-out position. The opera- 
tion of this apparatus is said to be ex- 
tremely satisfactory. During a_ heavy 
rain when the river was quite high, one 
pump was sufficient to take care of the 
flow in the sewers at the Lehman street 
station when running three minutes out 
of each ten, being idle the 
seven minutes. 


remaining 





Estimating Stock for Curved Pipes 


By F. WEBSTER. 


The length of pipe necessary for curved 
work can be estimated in two ways, and 


a 











the method to use, or whether a combina- 
tion of both methods is necessary, will 
depend upon the form of the curves. 
Thus, take the simple U-bend shown in 
lig. 1, where all the dimensions of the 
finished work are known. The length of 
stock necessary will be approximately that 
of the length of the dotted line along 
the center of the pipe. This line is made 
up of two straight portions and a curve 
which is one-half the circumference of a 
circle. To get the circumference of any 
circle, multiply the diameter by the con- 
stant 3.1416, and for the length of a semi- 
circle, as a, Fig. 1, multiply the radius r, 
which is one-half the diameter, by 3.1416. 
Wrought-iron pipes are designated by the 
length of the diameter of the hole. When 
making bent-pipe work, it is often neces- 
sary to-know the outside diameter of the 
Pipe. The dimensions of pipe are given 
in tables, such as the accompanying, and 


It is most convenient to use the tables 
when making estimates. There are, how- 
ever, slight variations in the dimensions 


of pipes, so that those given in the table 
do rot always strictly apply, but at the 
time the dimensions given in the 


San 
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table are close enough for any work that 
the blacksmith may be called upon to 
make. 

The solution of the example shown in 
Fig. 2, where I-inch pipe is used, will! 
illustrate the method. From the table the 














outside diameter of the pipe is 1.31 inches. 
The radius r of the curve equals 


15 1.31 
+ , 
2 2 
or 
16.31" 
_—s 
” fF 
| 
“lle saps alates > 
t a . - y 











FIG. 2 


The length of the central or neutral 
lines of the curve equals 


gt X_ 3.1416 = 25%, inches. 


The total length of the stock equals 
5so%4 inches. 
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For making a _ right-angle bend, as 
Fig. 3, the length of the arc 
depends upon the length of the radius r 
used. Suppose r = 6 inches, and 1-inch 
pipe is used, the solution is then as 


shown in 


follows: 
The radius R of the center line of the 
pipe equals 
1.31 13.31 
6+ = ? 


2 2 


end the length of the are equals 


13.31 .1416 ‘ 
3-3 < 3.14 = 10% inches. 
2 2 
The length of the straight piece a 
equals 
36 — (6 + 1.31) = 28.7 inches, 


and the length of b equals 
1.31) 
The total length equals 


42 — (6-4 34.7 inches. 


—— ge 


10.5 + 28.7 + 34.7 = 74 inches, 


approximately. 


To estimate the length of pipe required 
for the work shown in Fig. 4, make an 
accurate drawing of the work to some» 
definite scale, and measure the length of 
the dotted center line, using a tape-line 


J 
By 
1-> 


or cord, or a measuring wheel, and multi 
ply the length by the scale. 





DIMENSIONS OF PIPES. 
Inside Outside Weight 
Diameter. Diameter. Per Foot. 

0.54 | 0.42 
0.84 0.84 
; 1.05 1.13 
1 1.31 1.67 





The superintendent of motive power of 
the Cumberland & Westernport Electric 
Railway, Frostburg, Md., employs the fol 
lowing method of screwing 
pipe in a plant the equipment of which 
does not include a wrench of the proper 
size. A piece of chain is doubled and 
wrapped around the pipe. The ends are 
slipped through the loop. The end of a 
crowbar is then inserted in the doubled 
end in such a position that the pipe may 


large-sized 


be turned by raising the end of the bar. 
To make the chain grip the pipe a piece 
of iron, with one side rough or provided 
with small steel pins, is placed between 
the chain and the pipe and bolted to the 
chain. 


698 


POWER 


May 5, 1908. 


Engine Knocks— Their Causes and Remedies 


Some of the Commonest of These Troubles of the Engineman Analyzed, 
and Simple, Plain Directions Given for Their Prevention or Cure 





BY 


This article will not deal with the class 
of “knocks” which, in common parlance, 
means the practice of airing others’ faults 
as we see them, but it will consider the 
common source of an engineman’s troubles, 
and possible remedies. Webster defines 
a knock as “a blow, a stroke,” and a 
thump as “the sound made by the fall of 
a heavy body, as by the blow of a ham- 
mer.” So, the operating engineer often 
hears the “thump” of some part of his 
engine, which tells him that some of the 
working parts are “knocking,” and in 
due time he will find other evidence of 
the same trouble in heated parts as well. 
In event of an engine being already in 
operation, and, possibly, time in which 
to make inspection being very limited, 


ty 
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it is desirable to be familiar with the 
very first indications of trouble, and then, 
if necessary, prove the evidence with 
tests. 

Knocking, with the consequent heating 
of the pins or:journals (or the trouble 
may be in the cylinder), is caused by 
loose adjustment, a loosened bolt or nut, 
in which case the remedy is easy of at- 
tainment; or some of the parts of the 
engine are out of alinement, which is a 
more serious matter. Knocks may oc- 
cur in almost any of the working parts of 
the engine. The most prolific source, and 
the first to consider, is the crank-pin, and 
the troubles in the cylinder come second. 
After this the probabilities of trouble from 
knocking are about evenly divided among 
the other engine parts, not neglecting the 


HUBERT 


e. 


arm of a fly-wheel, as will be shown by 
the citation of an instance in the writer’s 
experience. 


KNOCKING OF THE CRANK-PIN 


Trouble with the crank-pin knocking 


; 
iP 


























FIG. 3 


may be caused by a variety of conditions 
and will be taken up in detail. First we 
will consider the indications of this 
trouble as they can be observed with all 
the connections made up. Assuming 


that the boxes are properly keyed or 


CULLING 


adjusted, and everything is in line, the 
appearance should be as shown in Fig. 1, 
which is a plan view of the crank-disk 
and adjacent shaft, with the crank-pin 
connections shown at end of the 
stroke. 

Referring to this illustration, first get 
the relative positions and names of the 
parts and lines in mind. These latter will 
be the same in the succeeding similar fig- 
ures. 

The line A-B is the center line of the 
cylinder, guides and crank-pin; M-N 
the center line of the crank-shaft 
right angles to A-B; D is a portion 
the crank-shaft; E is the crank-disk, 
in many cases a crank-arm only; F F is 
the stub end of the connecting-rod; GG 
is the crank-pin washer bolted on, or a 
solid part of the pin, as shown; JJ are 
the crank-pin journal boxes; KK is the 
boss on the crank-disk or arm through 
which the pin projects; LL is the crank- 


Ax 

B 
pin itself, showing through the spaces a! 
the end of the journal boxes. The crank 
pin at the head-end center of its travel 
is indicated by H, and at the crank end 
by C. A few turns of the crank will 
allow the journal boxes to find their own 
center of location, and if the shaft 1s 
in proper alinement with the center line 
of the cylinder and the crank-pin is in 
proper alinement with the shaft, the ap- 
pearance and position of the parts will 
be substantially as shown, with an eve! 
space all around-the circumference of thie 
crank-pin washer and the journal boxes 
and the crank-pin boss, and the journal 
boxes, at all positions of the crank 
its travel. 

When a knock is located in the cranl 
pin, one of several conditions may exis! 
In the case of the crank-shaft being 
of square with the center line of th 
cylinder, the condition may be as show! 
in Fig. 2. The 


each 











FIG. 4 


evidence of this cond 
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tion may appear as follows: The line 
A-B being the center line of the engine, 
and M-N the true center line of the 
crank-shaft, we find the crank-shaft so 
located that its existing center is along 
the line O-P. This condition will act on 
the crank-pin as follows: The shaft being 


oa ; N 











FIG. 5 


on the center line O-P, it will pivot at 
the point G back of the crank-disk and 
throw the crank-pin out of line. 

When the crank is at H, the center of 
the pin will be shifted and the journal 
boxes not having enough clearance on 
the sides, the center line of the connect- 
ing-rod will be so changed as to be in 
a direction indicated by the line a-a. 
When the crank is turned to the point C, 
the center line of the *connecting-rod is 
changed to the other side of the line A-B 
in the direction indicated by the line b-b 
Owing to the fact that in both positions 
shown in Fig. 2, e-e and f-f are at a 
greater angle from the line A-B than the 
lines a-a and b-b, the openings to be 
observed between the journal bexes and 
the washer at one side, and the boss at 
the other, will be at the points YX XX in 
both positions. 

In Fig. 3, the lines A-B and M-N being 
the same as previously shown, we find the 
existing center of the shaft along the line 
O-P opposite its position in Fig. 2. 
When the crank is at H, the center line 
of the connecting-rod will be along the 
line c-c, and when at C, the same line 
will be d-d. The openings to be ob- 
served will be at the points YY XX. 








FIG. O 


With the conditions as shown in Figs. 2 
and 3, the openings will be noticeable 
t the points indicated. There will be no 
iticeable opening when the crank is on 
e quarter positions. At the two quar- 
ters, the lines a-a, b-b, c-c and d-d, shown 
Figs. 2 and 3, will be almost even with 


d parallel to the line A-B, although 
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the pin center lines e-e and f-f in Fig. 2 
will be at the same angle, so that when the 
and the crank 
is on either quarter, the openings XXXX 
will be in the same relative positions. 

In Fig. 3, when the crank is on the 
quarters, the openings will be (for the 
same reason) on the corners shown in 
this figure. If time allows, a good way 
to verify the conditions as shown is to 
disconnect the connecting-rod from the 
crank-pin and swing it free over the pin 
to the positions H and C. When the pin 
is at H, Fig. 2, the crank-pin 
would swing over the outside end of the 
pin away from the disk; and when at C, 
it would swing in over the disk. In 
Fig. 3, the conditions would be reversed. 

Figs. 4 and 5 are elevation sketches of 
the same crank; A-B is the center line 
of the crank travel at right angles to 
the line M-N, the true center of the 
shaft, horizontal and level; 7-Q being 
the position at the top quarter of the 
stroke and B-Q the position at the 
bottom. In Fig. 4, the line O-P is the 
existing center of the shaft where the 
outer end is lower than the crank end. 
With this condition of the shaft, the 
greatest openings between the journal 
box flanges and the adjacent surfaces will 
be at the points XX; and in Fig. 5, with 
the line O-P showing the outer end of the 
shaft higher than the crank end, the 
greatest openings will be at XX. If the 
crank shaft is out of level in Figs. 4 
and 5, the least amount of unequal space 
noticeable will be when the crank has 


pcsitions are as at Fig. 2, 


boxes 


reached the two centers. 
For example, if in Fig. 2, the clearance 
spoken of was great enough so that the 


center line of the tonnecting-rod was 
not changed from the line A-B, then 
there would be a clearance all around 


between the edge of the crank-pin boxes 
and the crank-pin boss at H, but greatest 
at the point X on that side; and with the 
brass and cap touching at the point op- 
posite, there would be an opening at the 
other point X as shown. 

With the crank at the point C under 
the conditions of clearance, the 
opening all around would be between the 
crank-pin cap and journal boxes, being 
greatest at the point X; and touching the 
crank-pin opposite the last point 
named, there would be an opening at 
the point XY on that side. In Fig. 3, with 
enough clearance of journal brasses, the 
cpening all around with the crank at H 
would be between the washer or cap and 
the boxes, and when the crank is at C, 
the openings would be between the boss 
and boxes, or exactly opposite to condi- 
tions in Fig. 2. 


same 


boss 


Figs. 2 and 3 show the 
appearance of the openings when there is 
not enough clearance between the ends 
of the boxes, and the center line of the 
connecting-rod is changed from that of 
the cylinder line A-B, and this would 
apply as well to the appearance of the 
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openings when the shaft was located as in 
Figs. 4 and 5. 


REMEDIES FOR KNOCKING CRANK-PIN 

When the trouble is such as depicted 
in Figs. 2 and 3, it is a matter of swing- 
ing the outer end of the shaft around so 








fic. 7 


the line O-P will coincide with the 
line M-N, as in Fig. 1. In order to do 
this, the outboard bearing must be moved 
in a horizontal line and parallel to the 
line A-B, in a direction towards the cylin- 
der in Fig. 2 


that 


and away from it in Fig. 3. 

Some engines have an outboard bearing 
similar to Fig. 6, where the bearing cap 
comes down on two separate half shells 
bt, adjustment being made by the bolts 


cc. These bolts are secured by lock- 
nuts. The shells have room in the frame 
for lateral movement, as shown by the 


spaces aa on each side. 

To adjust this end of the shaft, first 
locsen up on the holding-down bolts of the 
cap, slacken off the lock-nuts on 
and slacken off the bolt c 
toward the direction you to bring 
the shaft Then the shell 
over by setting up on the opposite bolt 


bolts c c 
on the side 
wish 
center. shove 
After the desired position is secured, set 
up on the bolt c which you first slacked 
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FIG. 8 


off, until the lower shell is fast between 
the adjusting bolts, and set up and se- 
cure the lock-nuts and the holding-down 
bolts. On this style of bearing, the liner 
adjustment is made between the two shells 
at the edges and in the spaces d, leaving 
the spaces ee clear of liners. 


Fig. 6 is simply a representation of a 
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type of bearing which has many varia- 
tions in design, but all give opportunity 
for lateral adjustment. Some _ bearing 
blocks are without this adjustment, as 
shown in Fig. 7. In this case if the 
journal sets on a sub-base, it may be 
possible to chip out the bolt holes ff suf- 
ficiently to get the required adjustment. 





























FIG. 9 


If not, a change in the position of the 
sub-base will be necessary. This may 
require considerable labor, for it may be 


the sub-base and foundation and make 
a new joint, with the possible changing 
of the foundation bolts. Another thing 
to look out for, when the engine is di- 














FIG. 10 


rect-connected to a generator, is to see 
that the field or armature frame is set 
(after any changes in position of the shaft 
are made), so that the space between the 
stationary and revolving pieces is equal 
all around. 

The writer has seen main bearings such 
as shown in Fig. 8, with quarter-boxes c 
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and d, and a wedge adjustment b in front, 
but only the quarter-box d in the back or 
even no quarter-box at all, with a com- 
plete bearing from point e to point f on 
the circumference. On this style of bear- 
ing, when excessive wear has taken place 
and all the adjustment has been on one 
side, a condition of affairs as shown in 
Fig. 2 may have been brought about. If 
there is a quarter-box d in the main 
bearing, a liner behind it will cure the 
trouble; if there is no quarter-box here, 
the bearing will need re-babbitting. When 
trouble is met with such as depicted in 
Figs. 4 and 5, it is a question of raising 
or lowering the outboard bearing so that 
the shaft will be level and the line O-P 
will conform to the line M-N. 

If we have an outboard bearing on a 
sub-base as in Fig. 7, the matter of lining 
the bearing in a case like Fig. 4 is an easy 
one. Take thin steel wedges, say 2 inches 
wide, with a taper of not over 
inch to the foot, and drive between the 
bearing frame and sub-base (first loosen- 
ing up on the holding-down bolts), until 
there is enough space to insert liners at 











AAA. Be careful to insert the same 
thickness of liner at each place. Before 
inserting a liner, examine it to see that 
all burs are removed on the edges and sur- 
faces so that its entire surface will have a 
bearing. After a sufficient number have 
been placed to bring the shaft level, set 
up on the holding-down bolts in the sub- 
base. On very heavy engines, a hydrau- 
lic jack may be needed to lift the shaft 
in making these changes. 

Where there is no opportunity to line 
up the outboard bearing, either the jour- 
nal must be re-babbitted or the whole 
frame must be wedged up from the foun- 
dation and new grouting put in. When 
conditions are as shown in Fig. 5, the 
trouble is most likely in the main bear- 
ing. In this case the line O-P would prac- 
tically be at the proper angle but the 
point of its divergence from the line M-N 
would be near the outboard bearing. If 
the bottom part of the main bearing is 
a shell separate from the frame, liners 
can be placed underneath to raise it. If 
there is no bottom shell, it will be a case 
of re-babbitting the bearing. 
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CRANK-PIN OUT OF LINE WITH DISK 


Referring to Fig. 9 we have four dif- 
ferent positions of the crank-pin in one 
revolution; at H the head end, C the 
crank end, T-Q or top quarter, and B-Q, 
the bottom quarter. In this case the shaft 
is at right angles with the line A-B, but 
the crank-pin is out of square with the 


hbke 
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FIG. 12 
shaft center line M-N ; and in the illustra- 
tion it will be noted that at all positions 
of the crank, the angle at which the 
crank-pin sets is inclined toward the line 
M-N. With an engine knocking from 
this condition of affairs the crank-pin 
journal can very likely keep its true cen- 
ter, but it will always bear against the 
outside cap or washer. In turning the 
engine around by hand the appearance will 
be as shown, with the exception of the 
bottom quarter, where the weight of the 
rod will shift the journal to the inside. 
If the pin were inclined at an angle op- 
posite to the one shown, away from the 
line M-N, the positions above would be 
reversed. The greatest opening to be ob- 
served between the journal boxes and 
adjacent surfaces would be at XXXX. 

This condition of crank-pin may be 
caused by being warped out of place in 
cooling after being shrunk in. In this 
event it would most likely be a matter 
of forcing the crank-arm or disk from 
the shaft and reboring the crank-pin eye. 
The work might be done with a boring- 
bar outfit, properly set. In any event a 
new pin would be required. 


LoosE CRAN‘K-PIN 


On most side-crank engines two ways 
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FIG. 13 


of securing the crank-pin are used. Fig. 
10 shows the pin either forced through the 
eye hydraulically, or shrunk in until it 
brings up on the shoulder a and is riveted 
over on the end b. In Fig. 11, the pin is 
forced through the eye as in Fig. 10 and is 
secured in place by a nut a. Sometimes 
the pin loosens up in the eye and causes 
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knock. It can be found by close in- 
spection at the back of the disk or by 
stripping the pin of its brasses. If this 
condition has long existed, the eye is not 
true and needs reboring before a new 
pin is inserted. 


FLAT CRANK-PIN 


More frequent than a loose pin, is a 
flat one, as shown in Fig. 12 at a. The 
reason the pin wears flat here is that the 
greatest pressure is just after it has left 
the centers and up to and arriving at the 
quarters. This does not allow proper 
adjustment of the boxes and causes knock- 
ing. The writer at one time found a 
crank-pin 6 inches in diameter, worn flat 
3g of an inch. It is easily discernible 
when the pin is stripped and the only solu- 
tion of the trouble is a new pin, or in an 
emergency, the filing of the pin round, by 
a mechanic who knows how to do it. 

In Figs. 10 and 11 are shown crank- 
pins with the outside ends cc turned solid 
with the rest of the pin. This style of 
crank-pin is generally used with the strap, 

















gib-and-key connection shown in Fig. 13. 
Crank-pins with a detachable cap at c 
are used with connections such as shown 
in Fig. 14. 

CrROSSHEAD 


KNOCKING AT THE 


The crank-pin being out of position as 
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tened on the sides aa, as in Fig. 16. 
This will allow of considerable wear and 
adjustment without renewal of the pin. 


CYLINDER OUT OF LINE 
Fig. 17 is a sectional view of an engine 
cylinder and crosshead guides where the 
line A-B represents the center line; C is 
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the crosshead, D the piston in the crank 
end of the cylinder and E the piston in 
the head end, F -being the piston-rod. 
Owing to the fact that most engine cyl- 
inders are secured to the frame in some 
style similar to that shown, there is not 
much danger of the cylinder being out 
of line at the point where it joins the 
frame. The frame and flange 
around it at a are and faced at 
the same setting with the guides. But on 
account of the human element in engine 
building and operation, there may be a 
setting of the cylinder which will let the 
head end rest too high along the line G-H, 
or too low in the direction of the line J-H, 
diverging either way from the line A-B. 


face 
bored 


CENTERING THE PISTON-ROD 


Sometimes the low from 
wear in the cylinder. Again, the piston 
and cylinder may be all right and the 
crosshead be either high An 


inspection of the piston-rod as it works 


piston is 


or low. 


through the stuffing-box gland while run- 
ning, will tell if anything is wrong here. 
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After centering the piston in the cyl- 
inder, turn the engine over so that the 
crosshead shoe will clear the head end 
of the guide, permitting a pair of inside 
calipers to be used, one leg resting on the 
wearing surface of the guide and the 
other point just “feeling” the bottom of 
the piston-rod at c. Now turn the en- 
gine until the piston is at D and the cross- 
head as shown at the crank end of the 
guide. Taking that the calipers 
have not been changed, try the distance 
between the same guide and piston-rod at 
d. Take care to note if any shoulder is 
worn on the rod and if so try the calipers 
on the rod inside the shoulder away from 
the crosshead. The distance between the 
guide and rod at d should be the same 
Then with the calipers still set 
as at c, and the crosshead and piston 


care 


as at c. 


remaining on the crank end of the stroke, 
again try the distance between the guide 
and rod at c. In measuring with a pair 
of calipers, a light pair should be selected, 
and the longer the legs the better. In 
‘them, should be taken to 


using care 
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FIG. 16 
the two points come into contact ex- 
the 


con- 


have 
opposite each other and_ that 
“feeling” point is not 
tact, but just “feels” the surface to which 
art 


actly 
forced into 


you are measuring. This is an 


quired only by practice. 


ac 


After we have come the second time to 




















shown in Figs. 2, 3 and 9 and in a condi- To find where the trouble lies, first take point c on the rod and find the rod is 
tion opposite to that spoken of in Fig. 9, off the front cylinder-head, turn the en- lower than at point d, one of two things 
will have an effect on the crosshead, gine until the piston is at E, and with is wrong; either the head end of the 
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Causing it to knock sidewise, especially 
if it has flat or round shoes. 

rouble with the crosshead pin being 
out of line is not very frequent, but it 
sometimes wears flat on the two sides aa, 
Fix. 15. The pin should be taken out 
anc turned true and the boxes turned to 
the new pin, then it should be flat- 











a pair of calipers b, proceed to find out 
if the piston is central in the cylinder. 
To do this, place the divider point in the 
piston center with the caliper leg swing- 
The latter 
from, the 
cylinder may be worn as well as the piston 
itself. 


ing around the counterbore. 
should always be worked 


as 





cylinder is high or the crosshead is high, 
and if the rod is higher at c than at d, 
the head end of the cylinder is low or the 
crosshead is low. 
There are so many designs of engine 
parts, that a detailed description of every 
to to change these condi- 


move make 


tions on even a few of the leading ones 
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would be too long for the space at hand. 
But assuming that the engineer knows 
how, to correct the conditions, I will sug- 
gest at this point that he change the hight 
of the crosshead while it rests at the 
crank end of the guides, until by fre- 
quent trial of the calipers at both points 
mentioned, c and d, he finds the rod ex- 
actly parallel with the guides. Then 
turn the engine over again until there is 





FIG. 18 


just sufficient room left at the head end 
of the guide to caliper the distance at c. 
Very careful calipering will now be nec- 
essary to detect a difference. If the rod 
is high now, the head end of the cylinder 
is high; if the rod is low, the head end of 
the cylinder is low. 

If the piston is worn small on the bot- 
tom, as is often the case with horizontal 
engines, it must be raised. Some pistons 
are made with follower and bull rings, 
and in this event there is always some 
way of raising the center. If the piston 
is solid it can sometimes be turned 
around half way, raising the center. But 
in many instances neither one of these 
methods is available, and either a new 
piston must be substituted or the old one 
turned off and a new ring shrunk on. 
If the cylinder bore is worn badly it 
must be rebored and a new piston of the 
right size fitted. 

All pistons should be so set that at each 
end of the stroke the first piston-ring 
will pass over into the counterbore as is 
shown at ee, and the crosshead 
should go over each end of the guides as 
at ff. Sometimes they do not, and wear 
shoulders against which they bring up and 
cause knocking. The writer once saw a 
cylinder with no counterbore at all and 
a shoulder at each end. Another instance 
coming under his observation was the 
case of a low-pressure piston on a verti- 
cal engine of large size being a loose fit, 
and the steam at each stroke on one end 
seemed to throw the piston over so forci- 
bly as to result in a recess and shoulder 
in the cylinder, causing a heavy knock. 
These defects can be found by inspection. 


shoes 
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DETERMINING CLEARANCE 
While the front head is off, take the 


piston out and take the following meas- 


urements : 

On the inside of the cylinder with a 
stick or rule long enough, take measure- 
ment 1, Fig. 17, which is the distance 
from the bottom of the cylinder at the 
back head to the front edge of the cylin- 
der where the flange of the front head 
rests when in place; next take measure- 
ment 2, the thickness of the piston-head, 
then measurement 3, the amount the front 
head will extend into the cylinder when 
in place as indicated by the dotted line. 
Also take a fourth measurement, the 
stroke of the engine. 

Add together 2, 3 and 4 and subtract 
the ‘sum from measurement 1; the dif- 
ference will be the total clearance in the 
cylinder, one-half of which will equal the 
mechanical clearance g g for each end. 

Now add this clearance to measurement 
3, and replacing the piston set it up the 
distance of this last sum from the edge 
of the cylinder. 

EXAMPLE 
Measurement 1 — 45! inches. 
Measurement 2 = 5 inches. 
Measurement 3 = 4 inches. 
Measurement 4 = 36 inches. 
453 — (5 + 4 + 36) = } inch total clearance. 
} + 2 = 3 inch clearance in one end. 
{+ 4= 43 inches distance of piston-head from 
front edge of cylinder. 

This is assuming that the crosshead 
and crank-pin are connected up and on 
the head-end center. The wear on the 
connecting-rod end connections also has 
a bearing on the clearance as the wear 
sets in. Depending on the amount of 
wear on the inside brasses, the distance 
between the crank- and crosshead pins 
is gradually reduced. 

With the style of rod _ connections 
shown in Fig. 12, the wear is all taken 
up toward the end and the tendency of 
wear is to lengthen the centers, thus re 
ducing the piston clearance on the head 
end of the cylinder. When the clearance 








FIG. 19 
needs adjusting from this source, place 
under the inside brasses between 
them and the stub ends of the rod, in the 
event of a gib-and-key connection. With 
the wedge adjustment place liners under 
the The  crank-pin 
brasses generally wear the most rapidly. 
If the piston-red screws into the cross- 
head, secured with, a lock-nut, the clear- 
ance can be adjusted here without refer- 


liners 


outside _ brasses. 
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ence to the connecting-rod adjustment un- 
less the latter is brass-bound. 

Where we have a horizontal engine of 
considerable size running over, the lower 


crosshead shoe is inclined to wear thin 
and bring the crosshead out of line. If 
this is not watched a very considerable 
knock may result. The reason is, that 
with this lost motion, when the engine 
passes the center, the crosshead is lifted 
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FIG. 20 
and almost immediately thrown down 
again. 
Most knocks in the main and outer 


bearings are caused by loose adjustment 
or the shaft being out of line as shown in 
4 and 5. 


Figs. 2, 3, 


Loose FLY-wWHEELS 

These very often give trouble, causing 
a knock hard to locate. The worst knock 
often occurs while the engine is running 
slowly without load and when the wheel 
turns over so that the key is at or near 
the point c, Fig. 18. 

KNocks IN ENGINE VALVES 

Knocks often occur in valves, especially 
exhaust valves on Corliss engines running 
light; but these are easily located, as 
well as knocks in the valve-gear and ec- 
centric. 

Cases of piston-nuts coming loose on 
taper-rods are met with occasionally. 

Early in this article the writer referred 
to a case of trouble occurring in a fly- 
wheel spoke. Some years ago he was 
sent for to assist in indicating the engines 
in a street-railway power house, in the 
vicmity of New York City, and while 
slowing down one of the engines a hard 
pound was heard which was so loud that 
there was some debate as to the advisa- 
bility of starting up again. But as every- 
thing in sight was as it should be, we 
started; at the first revolution the pound 
began and continued once every revolu- 
tion, increasing in volume as we speeded 
up the engine until a good speed was 
reached, when we did not hear it again 
It gave us much worry until it was finally 
located in one spoke of the wheel. The 
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wheel was 22 feet in diameter and built 
up with hollow spokes fastened with 
bolts to the hub, and at the other end to 
a segment of the wheel rim somewhat 
after the style shown in Fig. 18. On tak- 
ing off the segment a piece of 3-inch 
extra-heavy pipe b, 3 or 4 feet long was 
found inside the spoke. As the wheel 
turned slowly the pipe would run down 
the arm at each revolution and ram the 
rim; for some reason it came back to 
the hub easily, until sufficient speed had 
been attained for centrifugal force to hold 
it permanently out against the rim. 

Someone had evidently been ramming 
sand out of the spoke, and jammed this 
piece of pipe in there and left it. The 
engine had run some ten years without 
loosening the pipe. 


EFFECT OF INERTIA OF MoviNG Parts 

Using compression to absorb the in- 
ertia of the moving parts is to some ex- 
tent good practice, but going to the ex- 
treme of sacrificing economy to the 
smooth running of the engine should be 
avoided. E. F. Williams, a designing 
engineer, has this to say on the matter: 

“The points of admission and release 
are generally manipulated by lap and lead 
on both sides of the valve, so as to secure 
the most power and best economy with- 
out particular regard to smoothness of 
running. As to the running effect of 
giving the valve more or less lead, that 
can be better determined by practical test 
than by thecry. 

“There are general principles, however, 
which are good guides to proper running 
conditions when understood. 

“The inertia of the reciprocating parts 
is a leading factor in the operation of 
any reciprocating engine. The science of 
inertia is of more value to the designer 
of engines than to the operator, as where 
the engine is once designed and speeded. 
inertia becomes an inherent fixture en- 
tirely beyond the control of the operating 
engineer. It is of value, however, for the 
latter to understand the general rules for 
the distribution of inertia, so as to de- 
termine its force at the ends of the stroke 
where the steam pressure must change 
direction. 

“Generally speaking, it should be borne 
in mind that while the’ steam pressures 
reverse at the ends of the stroke, the in- 
ertia effect reverses near 
where the connecting-rod 
gent to the crank-circle.” 

It is well known that smoothness of 
action at the reversing points depends, 
(other things being considered equal) 
on how gradually or violently the pres- 
sures change. The most violent change 
would be brought about when conditions 
are as shown in Fig. 19; there being no 
compression and inertia being inconsid- 
erable. 

About the most favorable condition 
would be where the inertia about equalled 
the initial steam pressure, as at a, Fig. 20, 


mid-stroke, 


becomes tan- 
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or even as at b, in the same figure. The 
shaded diagram being the inertia, set over 
two engine diagrams joined on counter- 
pressure lines. 

Less favorable conditions are _ estab- 
lished where the speed is sufficient to force 
quick reversals of pressure on the crank- 
pin, and not sufficient to generate an in- 
ertia effect equal to the initial steam 
pressure. High-speed engines, therefore, 
operating at pretty high pressures, require 
the most skilful management. 

Take an ordinary example where the 
inertia runs up to, say, one-half or three- 
quarters of the initial steam pressure, as 
in Fig. 21. When the compression just 
about reaches and does not surpass the 
inertia as at b, it has very little effect on 
the reversing blow of the steam which is 
represented by the sudden rise of pres- 
sure A and B from the inertia line to the 
initial steam line. 

If, on the other hand, the compression 
exceeds the inertia even by a little, as at a, 
it has a very quieting effect. It is im- 
portant in this connection for the engineer 
to know how great the inertia effect is at 


A 
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each end of the stroke. In the first place 
the actual weights of piston, piston-rod, 
crosshead and must be 
known. This information can generally 
be obtained of the manufacturer; if not, 
the only way is to take the parts out and 
weigh them. A close approximation may 
then be made as to the mean of the in- 
ertia at the two ends of the stroke, equal- 
ing the centrifugal force. 

Assume the reciprocating parts of an 
engine 16 by 24 inches in size to weigh 704 
pounds, and the engine speeded to 200 
revolutions per minute. 
piston = 201 


connecting-rod 


The area of the 
inches; 704 ~ 201 = 3% 
pounds, the weight of reciprocating parts 
per square inch of piston area. 

The centrifugal force of a body weigh- 
ing 704 pounds revolving in a cirle 24 
inches in diameter at the rate of 200 rev- 
olutions per minute is 


200? X 704 X 2 


5870 = 9600 
pounds, nearly, or 

200° X 2 

“in T'S 58 


times the weight, nearly. 


703 


As the weight is in this 3% 
pounds per square inch of piston area, 
the mean inertia effect for the two ends 
of the stroke would be 3.5 X 13.58 = 47.03 
pounds per square inch on the piston. 
Now, if the pressure by compression is 
carried up to, or a little above this at 
the end of the stroke, thé quieting effect 
will be good on the moving parts; and if 
this can be done without distortion of the 
steam diagram at the cost of economy, 
the result will be most desirable. 

The inertia is greater at the back end 
than at the front, owing to the angularity 
of the connecting-rod. 


case 


This latter is greater or less, depend 
ing on the proportionate lengths of rod 
and stroke. 

The effect of lead in a general sense 
is that when the admission takes place 
(when the clearance is small) at or near 
the end of the stroke, the effect is more 
sudden than if admitted when the piston 
is some distance back from the end of the 
stroke, and the effect is more gradual 
when the piston is receding than when it 
is advancing toward the cylinder-head 
It often occurs from this cause that lead 
occasions thumping, while an absence of 
lead is more favorable to smooth re- 
versals. 

The points given here on this phase 
are only a few of those to be considered 
for a full understanding of the subject, 
but if understood are a guide for further 
changes if necessary. 





Knocked from the bo’sun’s chair, in 
which he was sitting, near the top of a 
new 210-foot steel chimney in Jersey 


City, a steeplejack saved his life the other 
day by grasping a rope which dangled 
from the rim and pulling himself hand 
over hand to the top. He was putting a 
“collar” on the chimney near the top and 
had his feet pressed against the side of 
the chimney when the strong wind caused 
the chair to sway. His feet slipped and 
he slid from the chair. As he fell he 
seized a rope that swung from the top and 
hung suspended in the air as the chair 
blown the 
the chimney by the wind. 
persons, who had watching him, 
shouted their horror, but their cries 
turned to cheers as he began to pull him- 
self up, hand over hand, to the top of the 
chimney. 


was other side of 


Hundreds of 


around to 


been 





The official figures of coal production 
in the State of Washington, as compiled 


by D. C. 


3otting, State inspector, show 


that the output of 1907 was 3,713,824 
tons, an increase of 420,726 tons over 
1906. 

The class-day address to this year’s 


graduates of the Michigan College of 
Mines was delivered by Charles R. Van 
Hise, president of the 
Wisconsin. 


University of 
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Practical Letters from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





WE PAY FOR USEFUL 


The Steam Path of the Turbine 





Regarding Dr. Steinmetz’ paper as pub- 
lished in the March 24 number, there 
is no doubt whatever that the adiabatic 
curve of expanding steam has a variable 
exponent and can only be represented 
with approximate accuracy. 

Neither is there any doubt that it can 
be represented exactly and easily by the 
formula given by Professor Peabody, as 
far as the analytical representation goes. 
But the translation of such a mathemati- 
cal statement into a pressure-volume curve 
is awkward and- unfamiliar to probably 95 
per cent. of Dr. Steinmetz’ readers. 

It seems altogether likely that Dr. 
Steinmetz was completely aware of all 
the advantages and disadvantages men- 
tioned and that he chose the approximate 
experimental formula because its transla- 
tion into graphical form is easy and fam- 
iliar to all who are interested in such 
matters; also because this is peculiarly a 
problem in which analytical mathematics 
must be supplemented by graphics in or- 
der to make the points under considera- 
tion clear to any except a professional 
audience, which presumably does not need 
any instruction anyway and is only on 
hand to criticize. 

Now as to the comments of Professor 
S. A. Reeve; this gentleman is so out- 
raged over Dr. Steinmetz having used 
an old and approximate method, that he 
is in places almost incoherent even in 
print. He introduces a number of inter- 
esting but inappropriate considerations of 
molecular and astronomical physics—and 
falls into a mathematical error of which 
one of his sophomore students ought 
hardly to have been guilty. I refer 
to his statement that because a certain 
curve is asymptotic to both axes, the area 
between a given branch of the curve and 
to asymptote must be infinite. 

Since the curve does not meet its 
asymptote short of an infinite distance, it 
does look as though they ought to contain 
between them an infinite area; but unfor- 
tunately the facts are that they don’t. 

The formula for the energy developed 
by adiabatic expansion between pressures 
P, and P, is, if the substance follows 
the law P V" = constant, 


n—1l 


— Py 


This, be it observed, is a purely mathe- 


matical statement, that, given such an 
equation, the area between the axis of 
Y, two lines at given hights alone and 
parallel to the axis of X, and the curve 
represented by the equation, will have the 
value stated; it does not depend on the 
objective existence of a zero pressure or 
any physical fact whatever, and we may 
assign to P; and P2 any values we like. 

If we make P2=O, we have the area 
between the curve and its asymptote 
measured below the line P and back to 
the axis of Y. This becomes not an in- 
finite quantity but the definite amount 


‘ 
Translated into the physical terms of 


the present problem, if steam expanded 
according to a certain experimental curve 
down to any pressure of which we can 
conceive, it would acquire an amount of 
energy of which this would be the maxi- 
mum limit, and a correspondingly limited 
velocity. This is so obvious that no ex- 
planation would have been needed had not 
the unfortunate error of Professor Reeve 
opened the door to all sorts of misunder- 
standings on the part of others, as it evi- 
dently did for himself. 

Referring further to the definite limit to 
the amount of energy contained in a given 
quantity of any substance as indicated 
mathematically above, it. may be well to 
call attention to the fact that “perfect” 
gases obey the law of expansion repre- 
sented by the experimental curve with ex- 
treme accuracy to very low temperatures; 
and when a departure takes place it is in 
the direction of falling below the curve, 
as the volume is much less for a given 
pressure and temperature near the condi- 
tions of liquefaction than this curve in- 
dicates. Any falling below this curve in- 
dicates a reduction of energy obtainable 
and renders it extremely probable, to say 
the least, that the limitation of energy as 
a physical fact arrives more quickly than 
indicated by the equation given. Profes- 
sor Reeves’ illustration of infinite energy 
being obtained by a finite weight falling 
past the center of the earth to the sun, is 
as if he had said that infinite energy could 
be obtained from a body by cooling it 
indefinitely below the absolute zero of 
Let us be thankful he 
stopped short of that! 5 

Joun J. Situ. 


temperature. 


Norwalk, Conn. 
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Selling Furnace Grates 

Mr. Knight’s reference to the combina- 
tion of kerosene and boiler compound in 
the March 24 number, page 458, brings to 
mind the system of a very good grate 
salesman, together with the excellent re- 
sults obtained from the installation of his 
grates. The system, as I see it, is to 
approach the superintendent or owner, 
and before the interview is closed, ask 
permission to see the boiler plant. This 
was the case at a nearby plant. The 
salesman found the furnaces fitted with 
a common shaking and dumping grate 
and the firemen shoveling a great deal 
of coal and cleaning fires as seldom as 
possible. 

On returning to the office, he was 
very anxious to install his grate under a 
set of boilers and was positive that their 
introduction would result in Io to 15 per 
cent. economy in coal, in addition to 
accomplishing almost smokeless combus- 
tion. He agreed to stay twelve, twenty- 
four or thirty-six hours with the firemen, 
or until they were thoroughly drilled in 
the proper handling of the grates. 

A contract being signed, the grates are 
installed, and in a few days the salesman 
is introduced to the engineer, who is ad- 
vised that the gentleman will instruct the 
firemen in the handling of them. The 
firemen are now shown how to divide the 
furnaces into two or four sections, one or 
two of these sections to be lightly fired, 
and pass on to the next furnace and in 
a few minutes repeat this operation on 
the other sections. The ash-pits are also 
kept wet, and the grates shaken just often 
enough to show bright fire through them. 

On the second day’s use of the new 
method the superintendent, looking 
through the boiler room, finds the fireman 
going along his fires with light shovel- 
fuls, often and easily, and without the 
usual vociferous effort; the steam is up 
and stays up. On going outside, the sales- 
man directs his attention to the stack, 
which is smoking 50 per cent. less than 
usual. The superintendent goes over to 
the office, tells the owner about the new 
conditions, and it is decided to install the 
grates under the remaining boilers, all 
because the salesman took enough interest 
in the purchaser to see that he got satis- 
faction. 

P. J. KEeatIne. 

Streator, Ill. 
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Finding the Average Pressure from 
Round-pattern Pressure-re- 
cording Gage Charts 


Referring to the letter by W. L. Benitz, 
in the March 31 number, I regret to have 
to acknowledge that Mr. Benitz is right 
and I am wrong. The method which I 
described was devised rather hastily, but 
that is not much of an excuse, of course. 

A. V. YouENs. 

Berkeley, Cal. 





Strength of Pipe; Flanges 
A factor of safety has often been de- 
scribed as a factor of ignorance; which 
I think is not justified, since practically 
all of the materials with which the en- 
gineer has to deal, have elastic limits 
which must be approached by the work- 
ing load only at a more or less respect- 
ful distance, if the machine or structure 
of which the material is a member is to 
have an extended career; and no matter 
how accurately the elastic limit or ulti- 
mate strength were known, there still 
would be a factor of safety required. 

Regardless of the number of unknown 
factors that may enter a given case, the 
engineer should get as near the facts re- 
garding the ultimate strength or elastic 
limit as possible before applying a factor 
of safety, and William F. Fischer’s evi- 
dent neglect to do so, in his article on 
“High-pressure Fittings” on page 512 of 
the March 31 number, is the reason for 
my taking exception to some of his state- 
ments. 

The portion to which I wish to take 
particular exception, is his method of 
calculating the strength of the flange; Mr. 
Fischer calculates this strength as if the 
flange were a beam loaded at one end 
and held rigid at the other, dividing the 
flange into sections containing one bolt 


{| Plaut 












‘s | 
' 


4 Brook Level 


a . 250 


Stas Keg EI 
\ am Line whi 


POWER 


vestigating the ultimate strength of swch 
flanges. 

The pull of the bolts in pipe flanges 
causes them to dish as well as tend to 
break, along the section X X, as indicated 
in Fig. 2, and this deformation causes cir- 
cumfereptial compressive-strains in cer- 
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FIG. 1. FLANGE DIVIDED INTO INDIVIDUAL 
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tain portions of the flange and circum- 
ferential tensile-strains in other portions, 
so that the strains along the line X X 
by no means represent the total resistance 
of such flanges to breakage. 

That this is so may be made evident 
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ably approach that of the solid one more 
or less closely. 

It is very much easier to criticize Mr. 
Fischer’s article than to offer a correct 
method of calculating the strength of such 
a structure, and this particular form of 
structure is one that has probably been 
investigated very little; but possibly the 
best information on the subject is con- 


tained in the July, 1905, issue of The 
Locomotive published by The Hartford 
Steam Boiler Inspection and Insurance 


This issue 
calculation 


Company of Hartford, Conn. 
is entirely the 
of the strength of rings as applied to 
vulcanizers and similar vessels; and while 
the formula derived for making such eal- 
culations as given in The Locomotive 
is not strictly applicable to a flange such 
as Mr. Fischer illustrates, it might he 
made to apply with much greater accuracy 
than the method he uses. 

Anyone who is interested in the cal- 
culation of the strength of flanges would 
do well to secure the copy above men- 
tioned. 


devoted to 


J. E. TerMan. 
New Haven, Conn. 





Why Does the Pipe Split > 


The writer has charge of a plant where 
all the water is pumped from a brook 
about 40 feet below the boiler room; so 
we had to put the pump down half way 
between the boiler room and the brook as 
shown in the accompanying sketch. 

Our plant is a new one and ail this 
was done in a hurry, and at the sug- 
gestion of a consulting engineer. We laid 
the steam-pipe down in the ground about 
3 feet without any covering; just filled 
the dirt over. 
about three months and we have already 
had two lengths split, not by being frozen, 
because we have a drain at the lower end 
which is kept open when the pump is 
not in use. 

The writer has been thinking of taking 
up the line and putting a wooden box 


The pipe has been down 


Water Suction Line 
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4 Brook. / 
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SHOWING LOCATION OF TROUBLESOME STEAM LINE, IN WHICH THE PIPE SPLITS 


each, for convenience in making the calcu- 
lations. Now this method of calculating 
the strength would be all that could be 
desired if he had also considered that the 
flange had slits sawed from the outer cir- 
cumference to the body between each 
bolt, as indicated in Fig. 1; but this of 
‘ourse, would not represent a_ practical 
pipe flange and would not be useful in in 


by considering that the flange, instead of 
being cast solid with the fitting, is screwed 
on along line X X, as shown in Fig. 3, in 
which case the section is calcu- 
lated | by Mr. Fischer and assumed to 
represent the strength of the flange, 
would have no power of resistance at all 
if calculated as a beam; and yet the ac- 
tual strength of such a flange would prob- 


which 


around it, at the same time putting in an 
expansion joint, as that was not thought 


to be necessary at the time we laid the 
pipe. 


Will some of the readers tell me if 


that will help and what is the cause of 


the pipe splitting? 


K. D. 


FENNER. 


Athenia, N. J. 
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The Belt Problem 


In regard to “G. P. S.’s” belt problem 
in the January 15 number of The Engi- 
necr, allows me to say that I do not con- 
sider it such a hard one after all, although 
I may be looking at the thing in the 
wrong light. 

First we will consider the weight of 
each belt; and as we find the 15-inch belt 
a great deal heavier than the 12-inch one, 
it is plausible that if we had them on 
two separate machines, the same sized 
pulleys and same amount of work to be 
performed in each case, it would require 
a tighter belt in the case of the 12-inch 
than of the 15-inch; therefore we must 
use greater tension to make up for the 
difference in weight. 

In his “rider belt example” we cannot 
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He shows a sketch of a large and small 
pulley, the small one having an idler 
which increases the arc of contact of the 
belt. 

He overlooks the fact that while the 
arc of contact is the same relatively, on 
the two pulleys, the larger one has the 
greater actual contact in square inches, 
therefore the belt will slip on the smaller 
pulley. 

W. STEINDORF. 

Brooklyn, N. Y. 





The Gain from a Live-steam Feed- 
water Heater 


Heating feed-water with live steam has 
been practiced too long to have one test 
upset its working. 
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Home-made Oil Separator 


I would like to hear from some of the 
readers of a good home-made separator, 
to extract the oil from condensed steam. 

E. B. AUSTIN. 

Burlington, N. C. 


The Best Way to Run a Steam Main 

On page 416 of the March 17 number is 
an article on “The Best Way to Run a 
Steam Main.” I inclose a sketch showing 
the way I think it should be laid out. I have 
not shown an elevation as the hight of 
roof is not given. All the pipes from the 
boilers should rise if possible by bends, 
the elevation to be determined by the space 
available in the boiler house. 

i think it would be a wise plan to 






























































charge it all to difference in weights, Taking steam from the boiler and put- have a steam separator on the main line. 
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areas, etc, but must allow nearly all ting it back through the feed-water, will In case of cutting out boilers Nos. 1 and 


to the difference in the periphery of the 
circle of contact. ‘ 

In this case we have pulleys of 72 and 
19 inches respectively, and by adding the 
thickness of the under belt to each pul- 
ley, we increase the diameter perceptibly ; 
thereby making this “rider” run at a 
greater speed than the under belt. Natur- 
ally this sets up a “pinching” between 
them, or in other words “something has 
to slip,” ete., ete. 

L. V. Bostwick. 
Louisville, Ky. 


In the February 15 number of The 
Engineer, “V. L. B.” quotes a rule from 
Tulley’s hand-book as follows: “A belt 


will slip just as readily on a pulley four 
feet in diameter as on one two feet in 
diameter, provided the conditions of the 
face of the pulleys, the arc of contact, the 
tension and the belt speed are the same.” 





lose in heat units the amount that is radi- 
ated in the heater and pipes. There is 
another point, however, that enters into 
the calculation, and that is-the mechani- 
cal effect of rapid and continuous circu- 
lation. 

When water is put into the boiler cold, 
it seriously interferes with the circulation, 
and at the same time tends to a dirty 
boiler, as the dirt is continuously dropping 
onto the heating surface. 

Feed-water should be heated from waste 
heat as far as possible, and it is ques- 
tionable if the extra saving from heating 
with live steam would ever pay for the 
apparatus ; but it does save in strains on the 
boiler from unequal expansion, and it does 
separate impurities from the water and it 
is for these two reasons that live-steam 
purifiers are used. 

W. E. CRANE. 

Waterbury, Conn. 


2, I should connect a small pipe to the 
steam trap as shown, and should use the 
present 5-inch valves on boilers 3 and 4 as 
angle-valves when connecting to the main. 
I would also suggest putting in two 6-inch 
valves as close to the main line as pos- 
sible in the engine room. As there will 
no doubt be auxiliaries added at some 
future time, the 4-inch line at the back of 
the boilers could be replaced by a 6-inch 
pipe, again using the 4-inch valves as 
angle-valves by blanking off one face. Of 
course the discarded 6-inch pipe and ht- 
tings could be used for this. 

These changes could be made while the 
plant was running, leaving only the con- 
nections to the boilers to be made on 
Sundays. With these changes I believe 
there would be no further trouble about 
steam being wire-drawn. 

GrorceE H. HANDLEY. 

Newburgh, N. Y. 
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Wash for Fire-brick 


Some prefer a mixture of fire-clay and 
cement for plastering the walls of fur- 
naces and combustion chambers, but I use 
fire-clay alone, as the heat takes all the 
water out of the cement, leaving the fire- 
clay to crumble and fall off the walls. 

A mixture of fire-clay and salt is good 
to preserve the walls, making a glazed 
surface to which soot will not adhere. 

Five shovelfuls of fire-clay’to one of 
salt, I have found, gives good results, but 
it must be mixed thoroughly. 

T. R. Dawson. 

North Barnesboro, Penn. 





Saving Coal 

The engineering press is having a great 
deal to say about the man with the scoop 
and intimating that he is the important 
man for saving fuel. Really, he is but 
one cog in the wheel, the same as all the 
rest. The points leading to economy are, 
a well designed engine with valves prop- 
erly set and all parts tight, boilers prop- 
erly set and kept clean, and heaters, pumps 
and joints all in good order. There then 
remains the shoveling of the coal, keep- 
ing the fires clean, etc. 

Taking care of the fires is hot, laborious 
work and a man is not going to do it any 
longer than necessary to find something 
easier for the same money. 

The trouble generally is that the en- 
gineer does not know how to handle fires 
to the best advantage, and he is at the 
mercy of his fireman. A fireman who has 
been educated in one place ‘will want 
to carry that education with him as long 
as he lives, and it is harder to unlearn a 
man than to teach one who has had no 
instruction; but the usual course is, that 
if a man can keep steam steady and al- 
ways be on hand, he is seldom looked af- 


ter to see if he is using the best 
methods for economy. It is surpris- 
ing how few engineers reallly know 


whether the coal is being handled to the 
best advantage or not. 

It is not what you pay a man, but 
what is in the man himself and the real 
wide-awake energetic man do his 
work regardless of his pay. 

It is this energy in a man that marks 
him for promotion, and the lack of it 
that leaves him in the ranks. 

The engineer should have some method 
of determining how much fuel is being 
used, even if only approximately. 

If he takes cards every day he will know 
the average power, or if the output is 
electric he can tell the wattmeter, 
and the effect of any changes which he 
may make should be referred to the coal 
pile as the final test. 


will 


by 


W. E. CRANE. 
Waterbury, Conn. 
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Operating Blow - off Valves 


I offer herewith a suggestion as to how 
the trouble with a blow-off valve, told of 
by “C. S. R.” in the March 16 number of 
The Engineer, could have been avoided. 

By turning the valve, so that the stem 
is vertical, as shown in the sketch, and 
attaching an additional stem, the blow- 
off valve could be opened from the top of 
boiler setting. I think a gate 
tween the boiler and blow-off valve is a 
good arrangement to be used in an emer- 
gency. 
blow-off 
cleaned. 


valve be- 


3y shutting the gate valve, the 


valve can be taken apart and 

I had a somewhat similar case in which 
the blow-off valve leaked and I could 
neither open nor close it, and if it had 
not for the 


I would have had to cut the boiler out. 


been emergency gate valve, 
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BLOW-OFF EXTENDED STEM 
I found it very serviceable on this occa- 
sion. 

E. S. Harrar. 
Fairport Harbor, O. 





Finding the Area to be Braced 
in the Heads of Horizontal 
Return-tubular Boilers 


In the February 25 number, page 283, a 
method of figuring the unsupported area 
This I consider 
But the 
that question by a 


of boiler heads is given. 
one of the simplest methods. 
man asked 
Massachusetts inspector, will find that it 
will not be accepted. 

Here the for the 
area to be braced, as laid down by the 


1S 


who 


is formula finding 


laws of Massachusetts for 1907, and no 
other will be considered: 

4 2R 

waa. a alo 0.608 = 

3 NA 

area in square inches, 
when H = distance from tubes to shell 
minus 5 inches, and R = radius of boiler 


minus 3 inches. 
THOMAS SHEEHAN. 
Pittsfield, Mass. 
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A Matter of Forethought 


Most men realize, in calling to mind 
the lessons learned in the school of ex- 
perience, that in some particular case 
careful forethought would saved 
time, material and their equivalent, money. 
Some work on concrete foundations which 


have 


the writer is now building, brings to 
mind an experience met with in early 
days. 


It was a foundation for an engine and 
ieasured at the top about 5 feet wide by 
10 feet long. Most of the concrete was 
made of cement and gravel in the pro- 
portion of one to five, though the top of 
the foundation, to the depth of a foot or 


so, was made richer by the addition of 
one more sack of cement to each batch 
mixed—about ™% cubic yard. 


Eight 1-inch foundation bolts, 15 inches 
with 


long, pieces of 14-inch pipe 12 
inches long, and '%-inch plate washers at 
the bottom, were provided for holding 


the engine on the foundation. 

The length of the bolts above the pipe 
should, of course, have been governed by 
the left 
bed of the engine, plus the thickness of 


amount for grouting under the 
In 
some way, however, this matter was over- 
looked, and the bolts only 
long enough to get them through the tem- 
plet, leaving enough to hold by the nuts. 
The matter was arranged with supreme 
indifference to the thickness of the lugs 


the lug, plus the thickness of the nut. 


were made 


on the base of the engine. 
How such an important item was over- 
looked is a mystery. 


In due time the form for the founda- 
tion was set and braced, and the founda- 
tion was completed at 6 p.m. On the 


following morning the question suddenly 
presented itself: “Are those bolts long 
enough to go up through the lugs on the 
base of the engine?” Investigation before 
breakfast proved that, with no cllowance 


for grouting, about % inch of bolt would 


project above the lugs. 

After the first shock had subsided, the 
next question was as to how the blunder 
Three ways seemed 
The 
in the lugs were 15@ inches in diameter, 


could be remedied. 
to lead out of the difficulty. holes 
and the bolts being 1 inch, a sleeve could 
threaded the bolt, 
screwed half way in the bolt and a short 


be made inside for 
nipple added to bring the bolt up above 
the lug, after allowing about ™% inch or 
34 inch for After a hittle 
thought, however, seemed too 
“botchy” a method. 


grouting. 
this 


The second method of getting around 
the difficulty would be to chip off about 
4 inch of the lugs, which were 2 inches 
thick. 
position inside the fly-wheel 
not reached 


Two of the lugs were in such a 
that 
sO 


they 


could be this 
method was put aside. 
The third method, and the one finally 


adopted, was to chip off about 2 inches 


easily, 
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of the foundation and saw off an equal 
amount of the pipes around the founda- 
tion bolts, thus allowing more of the bolt 
to project up through the lugs. 

The wearisome job with cold chisel 
and hammer and the still more wearisome 
one of getting off those 2 inches of pipe 
with a hack-saw, was finally finished, and 
the engine was set on the foundation and 
leveled up. 

The experience was certainly a sad one 
for the writer, but it impressed on him 
the necessity for giving any matter its 
due proportion of thought. 

ForETHOUGHT. 

Pine Bluff, Ark. 





What Stopped the Engine ? 


In reply to “F. M. E.” in the March 2 
number of The Engineer, as to why his 
engine stopped, I can relate an instance 
where I had the same trouble and how it 
was cured. 

Starting the engine, which was a 4- 
valve 13x30-inch, running 150 revolutions 
per minute, with 100 pounds boiler pres- 
sure, it ran very good for two hours, 
when it began to slow down, pound and 
stop before I could reach the throttle 
I immediately examined all boxes and 
bearings and found everything O. K. 1] 
then turned the engine over by hand and 
had no trouble in doing so. After the 
above examination the engine was started 
and did its full duty for the rest of the 
day. 

After shutting down at night, the cylin- 
der-head was removed and the trouble 
was easily seen. After disconnecting the 
engine, a line was run through the cylin- 
der and it was found to be out of line 
with the guides, which caused the piston 
to bind on the side walls. 

When a load was suddenly 
thrown on, the piston received a greater 
amount of steam, causing it to cut deeper 
and jam itself so tightly that the engine 
stopped. By lining up the engine and 
placing an oil-pump close to the throttle, 
the cylinder came around in fairly good 
shape and is doing first rate at the pres- 
ent time, and that is eighteen months 
later. 


heavy 


GeorGE PETTIT. 
New York, N. Y. 





I wish to state that I once had a’ sim- 
ilar experience on a large gas engine, the 
explanation of which may throw some 
light on “F. M. E.’s” trouble. The engine 
was running as usual one day when all 
at once it commenced to work hard and 
slow down. I was outside the building 
and at once started for the engine room, 
but before I got inside, the engine had 
stopped. I placed my hand on all the 
bearings, ,.but found them perfectly cool, 





examined my machinery and everything’ 
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appeared to be in perfect order. I then 
proceeded to start the engine and it went 
off as usual, nothing appearing to be 
wrong. 

A couple of weeks later the same thing 
occurred again. As before I went over 
my bearings; they were all cool. Unable 
to explain it I went over them a second 
time. This time I placed my fingers on 
the liner of one and found it slightly 
warm; then I had the solution. After 
loosening up slightly on the nuts, I start- 
ed the engine and the trouble never re- 
occurred. The explanation is this: The 
liners were a bronze or gunmetal com- 
position with unusually heavy caps. I 
kept the bearing a trifle too snug and 
it would stall the engine through a slight 
expansion of the parts before the entire 
mass of metal was heated through. 

An examination at a more convenient 
time showed the liners and shaft to be 
in perfect condition, no cutting having 
taken place. I have always been of the 
opinion that this could not take place in 
a steam engine on account of the more 
continuous torque, but possibly it can. 

ANDREW SONSTHAGEN. 

Douglas, Arizona. 





I was quite interested in the article, 
“What Stopped the Engine,” by “F. M.E.,” 
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tion; that is, past the safety stop, allow- 
ing the safety cams to act and, of course, 
cutting off the steam supply. 

It is stated by “F. M. E.” that when the 
engine started to slow down he ran and 
raised the governor. This would lead us 
to believe that the engine started up 
again. Raising the governor would throw 
the safety cams out of action, giving the 
engine steam once more. 

This seems to. partially 
theory. 

He says: “After these stops the engine 
starts just as usual.” Certainly, as the 
governor is supported by the safety stop 
allowing the engine to take steam. 

ArtHuR R. Mutton. 


prove my 


Ord, Neb. 

[This engine was a Corliss which would 
occasionally slow down and stop without 
apparent reason—Eprrors. ] 





What Caused the Horns on the 


Diagrams ? 





Referring to the “horned” indicator 
diagrams submitted by “H. D. E.” on page 
417 of the March 17 number, he does not 
mention the make of the indicator he 
uses, but I have sometimes found several 
cards with horns on them out of twenty 





INTERFERENCE WITH REDUCING MOTION CAUSED BY EXCESSIVE PRESSURE ON PENCIL 


in the March 2 number of The Engineer. 

That does seem a queer thing, but as 
the cause is, without doubt, purely me- 
chanical, a little patience and _ persever- 
ance may uncover the seeming mystery. 

I am going to offer a suggestion as to 
the possible cause of the trouble, but as 
there are no data given concerning the 
under which the engine was 
working, it will be hard to form an opin- 
ion. 

Probably “F. M. E.’s” 
loaded; under these the en- 
gine may be running barely up to speed. 

It may be that when the engine threat- 
ened to sudden overload was 
thrown on, greatly checking the speed for 
a moment or two. 


condition 


engine is heavily 
conditions 


stop a 


The: speed of the governor was, of 


course, decreased, thus allowing the gov- 
ernor to drop lower than at starting posi- 


or thirty taken on engine tests by my 
assistants using a well-known indicator, 
and from different engines. The first 
time they appeared, that batch of cards 
was taken by one man on the head end 
That afternoon this man happened to take 
the cards on the other end, and the fact 
that the horns changed ends led me to 
discover the cause. 

The assistant referred to, I found, did 
not use the stop adjustment for regulat- 
ing the pressure that could be applied to 
the pencil point, and in taking some cards 
he put so much pressure on the pencil 
that the arm bent from its normal posi- 
tion, and in descending along the ex 
pansion line it caught for an instant on 
the point marked 4 in the sketch shown 
herewith, thus producing the “horn.” 

E. L. HaAveN. 

Worcester, Mass. 
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Trouble with Governor Wheel 


Not long since there was a queer thing 
happened where I was employed, that | 
never have understood. I will state the 
facts and if some of the readers can ex- 
plain it, will be pleased to have them. 


We had a_ single-cylinder engine 
of 750 horse-power, with shaft gov- 
ernor and automatic riding cut-off. One 


morning it slowed down; after closing the 
throttle we found the shaft governor 
about 4 inches ahead of the prick-punch 
marks on the shaft. After moving the 
eccentric back to the mark, we started up. 
Upon examining the governor at noon we 
found it had again worked ahead nearly 
me-half inch. The trouble continued 
more or less for some time and I would 
be glad if someone could tell what was 
the matter. 

LEIGHTON JOHNSON. 
Exeter, N. H. 





Deep-well Pump Gives Trouble. 


It seems that the cylinder, as mentioned 
on page 502 of the March 31 number, is 
not getting a full supply of water on the 
up stroke. Examine the suction pipe and 
see if it is large enough to supply the 
cylinder; or the suction may be too long. 
Put on a suction pipe the size of the cylin- 
der and put the cylinder in the water. 
Take off the air-chamber and tee and 
put them where the first elbow is now 
located. 

THOMAS GorRDON. 

Sacaton, Ariz. 


In the March 31 number, page 502, 
George K. Swalley describes the working 
of his 544x20-inch deep-well pump. I as- 
sume that his 42-inch cylinder is single- 
acting with a cage suction or check-valve 
at the bottom, and a cage discharge-valve 
in the plunger. These valves may be 
either of the flat, conical or ball type, 
but whichever they are if the check- 
valve has too much lift it will allow 
part of the water to slip back into the 
suction pipe when the plunger begins its 
down stroke. This slippage occurs in all 
the length of the discharge pipe, the water 
rushing back down the pipe following the 
plunger probably 6 inches of its stroke, 
hefore the check-valve seats. 

The 4-inch air-chamber cushions the 
ack rush of water somewhat, but the air 
in this pipe is compressed and then ex- 
panded, which allows the hammer to occur 
later in the stroke. 

I would examine any globe- or check- 
alves in the line, and would also investi- 
vate the suction valve. I don’t know how 
long his air-chamber is, but I would also 
xperiment with that. 

P. J. KEATING. 
Streator, Ill. 
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Setting the Eccentric of a Plain 
Slide-valve Engine 


The following practical method of how 
to set the eccentric of a plain slide-valve 
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FIG. I. PLACING CRANK-PIN ON CENTER LINE 
engine before commencing to set up an 
engine may be of some use to young en- 
gineers. First, take an ordinary level and 
get the center of the crank-pin level with 
the center of the shaft as in Fig. 1. 
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FIG. 2. ECCENTRIC AT RIGHT ANGLE TO SHAFT 

Then fasten a plumb-bob on each end 
of a line and hang them over the shaft, 
marking exactly their positions, either on 
a board placed at the back of the line or” 
where the points of the plumb-bobs touch 


the floor. Then place the eccentric on the 
Fala 
P _ Ecceutric \ 
z \ 
le 
Jrauk Vin ( ‘ As \ 
mel i ee 
Pesition 
Board 
" __V¥ V¥ V / ios 
Lap + Lead 
FIG. 3. ECCENTRIC IN PROPER POSITION 
shaft ahead of the crank-pin in the di- 
rection in which the engine is to run, 


put the plumb-bobs over the eccentric and 
place the eccentric in such a position that 
the distance between where each plumb- 
bob hung before and its present position 
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is the same on both sides of the shaft, as 
shown in Fig. 2; then the eccentric will 
be at right angles to the crank. After 
marking the position of the plumb-bobs 
again, roll the eccentric over the shaft 
until the plumb-bobs show on one side 
closer and on the other side farther from 
the shaft, a distance equal to the lap of 
the valve plus the lead, as in Fig. 3. Then 
mark the place for the key-way on the 
shaft or place the eccentric in permanent 
position with set-screws. The eccentric 
will then be in its proper position. 
G. ALBERT. 
Vancouver, B. C. 





Water-tube Boilers 


The inquiries of J. E. Noble, on page 
503 of the March 31 number, are worthy of 
the consideration of all engineers. There 
is probably no question upon which there 
is such a wide diversity of opinion as that 
of Recently a large firm, after 
ten years’ trial of water-tube boilers, took 


boilers. 


them out and replaced them at a great 
and much with 
At 
the same time another firm within a short 


inconvenience 
boilers of the vertical fire-tube type. 


expense 


distance enlarged its plant and put in iiy 
identical type of boiler just discarded by 
the first mentioned firm, both 
acting under the advice of expert engi- 
neers, I had 
types water-tube 


concerns 


the care of several 
and fire-tube 
twenty years’ experience 
and am yet undecided which is the best. 
Both, of course, have their good points, 
and both have many weak ones. 

Mr. Noble asks if a water-tube boiler 
was ever known to explode. Certainly 
they have, but as the parts containing wa- 
ter are comparatively small the explosions 
are not so disastrous as those of fire-tube 


have 
both 
boilers during 


of 


boilers. During my experience I have 
seen quite a number of tubes in water- 
tube boilers burst with unpleasant results. 
There is nothing agreeable in having a 4- 
inch tube let go. 

A mud-drum 18 inches in diameter and 
8.5 feet long on a water-tube boiler, situ 
ated within 1o feet of where I was sitting 
at the time, exploded, blowing out the 
brick-work. breaking off a 6-inch steam 
pipe and mixing up things generally. | 
was very much aware that something had 
happened at the time. I have never had 
any trouble keeping the tube-ends tight on 
water-tube boilers; in fact, fire-tube boil- 
ers have given me far more trouble in 
that respect. 

I have found this fact to be true: That 
That the efficiency of modern boilers de- 
pends more careful management, 
close attention to the conditions of brick- 
work and baffling, proper care of the fires, 
draft, damper, etc., than upon the style 
or type of boiler. 


upon 


S. J. Smirn. 


Lawrence, Mass. 
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To Take Down Turbine Step- 


bearings 





I see many notes in mechanical papers 
on the operation of vertical turbines, but 
they seem to be based upon instructions 
given by the manufacturers, and not on 
actual experience. 

To take down a step-bearing, after sup- 
porting the shaft by blocking in the ex- 
haust chamber, take out two tap-bolts on 
the opposite side of the bearing bracket, and 
put in two long studs with threads run- 
ning the whole length and nuts fitted 
loosely. Then take out the piping to the 
bearing and the remaining tap-bolts, and 
put an hydraulic jack underneath. Let that 
take the weight of the step; run the nuts 
down by hand and the step down on the 
jack. In this way, four men ought to take 
out an old step and put in a new one in 
about 6 hours on a 1500-kilowatt turbine. 

If the guide-bearing should get hot and 
the babbitt melt and stick to the shaft, 
do not try to take it out with the tap- 
bolts used to hold it in place; but first 
cut eight rods the right size for the holes, 
15 inches long. Thread them to within 1 
inch of the end; put these in and use a 
Stilson wrench. It will take eight bolts 
and you will have to jack the bearing all 
the way down. 

When you have a crane, it is easy to 
repair a turbine of 2000 kilowatts or less 
which has burned out twenty or thirty 
coils, and get the machine in service in 











POWER 


ring inside to put on the shaft. This ring 
has a taper fit and can be driven on with 
a small copper bar. 

In operation, the main thing is to keep 
the machine clean. The runners should 
be looked at once a week. The strainer 
and baffle in the pipe to the step-bearing 
should be looked at every time the ma- 
chine is shut down. It is well to have 
a gage on the step-pump, as by com- 
paring the reading of this gage with the 
one on the step-bearing, you can tell if the 
strainer or baffle is becoming clogged 
with anything. With an oil step-bearing 
there should be a large oil tank to give 
the water a chance to settle and the oil 
time to cool. 

Tee oe. 

Los Angeles, Cal. 





When Condensers Are Wasteful 


Would you suppose that the use of a 
condenser could increase the cost of fuel 
to three or four times what it would be 
if the exhaust were into the atmosphere? 

Take coal at $3.20 per ton, or 7 pounds 
for one cent; enough to produce 62 pounds 
of steam in a good boiler. 

Take water at 3 cents per 1000 gallons, 
or one cent per 2778 pounds; assume a 
winter temperature of 36 degrees Fahren- 
heit, and a summer temperature of 72 
degrees, and that the temperature is 
raised to within 10 degrees of that of the 
condenser, with steam pressure at 140 











24 hours from the time it burned out. It pounds according to the accompanying 
is well to have wire-rope slings made for table: 
Water Needed Souk ot Cost of Water Totai Cost 
Final Steam to Coal to of Water and, Am’t Proportion 
Presg- |POr Horse- Condense. me Condense Steam Steam of 
ag power Pounds. en ae Steam. pr. Horse-pow’r (or Fuel) Cost. 
* | per Hour. Steam per Hour. Used, 
At— ; ‘ Cents. Cents. Per Cent. 
Lbs. Lbs. seo | (72 Cents. 3° | «72 36 72° PerCt. 36 72> 
0.6 8.34 219 2196 0.134 | 0.078 | 0.78 0.212 | 0.914 53 83 358 
1 8.87 164 462 0.143 | 0.059 | 0.165 0.202) 0.308 56 79 121 
2 9.83 137 251 0.159 | (0.049 | 0.09 0.208 | 0.249 62 82 ¢8 
3 10.6 112 180 0.171 0.04 0.064 0.211 0.235 67 83 92 
5 11.7 100 146 0.189 0.036 | 0.052 0.225 | 0.241 74 88 94 
14.7 15.8 0 0 0.255 0 0 0.255 0.255 100 100 100 


such times as you may need them. Have 
one for the governor-dome, top-bearing 
bracket and armature, and three eye 
bolts for the fields. If the field will not 
come out easily, the armature can be 
pulled over it; but in going back, care 
must be taken in fitting it over the ring 
at the bottom of the armature coils. After 
taking off the dome there is one set- 
screw to loosen to take off the gov- 
ernor. Before taking top-bearing bracket 
off, be sure to take out all oil piping 
and the pan under the collector rings. 
After getting the top-bearing bracket 
on the floor, take out the bearing. This 
bearing must be left out until the bracket 
is put in place again, as there is a loose 





It appears that with water at this price 
it would cost 3.58 times as much to use a 
vacuum of 0.6 of a pound in summer, as it 
would to exhaust into the atmosphere, and 
1.21 times with a vacuum of I pound in 
summer; and that the greatest gain is a 
vacuum of I pound in winter. 

But with the condenser, much less fuel 
has to be handled, less ashes carried away, 
and much smaller boiler capacity is 
needed, all of which are of great import- 
ance. The heated condenser water might 
also be utilizable for some purposes. 

A 3-pound vacuum seems to average 
best the year round. ° 

C. B. HeEmMineway. 
Washington, D. C. 
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An Emergency Repair Job 





While visiting a neighboring plant re- 
cently I was shown a repair job which 
I think will be of interest. The engine 
on which the repair was made was a 
Bates cross-compound running condens- 
ing and belted to a Bullock generator. 
The engine ran 20 hours out of the 24 
and had been running as usual when the 
low-pressure crank broke. The broken 
crank came around, striking the end of 
the connecting-rod, which broke the main 
bearing and pushed the shaft about 6 
inches ahead of the engine; also break- 
ing the piston-rings. 

The engine was shut down and repairs 
began immediately. Two holes were 
drilled through the bearing and two bolts 
2 inches in diameter were put through 
as shown in the sketch, and drawn tight. 

The low-pressure side was put out of 
commission and the engine started on the 














METHOD OF REPAIRING CRACKED MAIN 
BEARING 


high-pressure side, running satisfactorily 
until a new crank could be forged. 


Grover C. HUNTER. 
Shelby, O. 


Problem in Storage Battery 
Connections 





A 150-volt circuit is available for light- 
ing purposes, but the lamps to be supplied 
are designed to operate on 50 volts. A 
storage battery of 75 cells is used to 
transform the voltage. In the daytime it 
is necessary to have the lighting circuit 
supplied with current for a few lamps, 
but at night all the lamps are being used. 

The problem is to use one commercial 
type switch to charge the cells in series 
on the 150-volt circuit, and discharge 
them in sets of 25 each in multiple on the 
50-volt lighting circuit. As a few lamps 
will be burning in the daytime, the light 
ing circuit must be supplied with current 
at 50 volts. This is also the time when 
the cells are being charged. Therefore, 
the lighting circuit will always be con- 
nected with the storage cells. 

E. S. LINcoLn. 


Boston, Mass. 
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Boiler Blow-off Piping 


Having noticed several articles on boiler 
blow-off piping, I thought perhaps I might 
add something that would be of interest. 
None of us likes the job of repairing a 
blow-off pipe, as it is always dirty and 
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ARRANGEMENT OF BLOW-OFF 


disagreeable work, and as the company by 
which I am employed has just installed 
three boilers, the following description of 
how I piped the blow-offs may be of some 
value to others. 

An elbow was attached directly to the 
boiler as in Fig. 1, and one horizontal 
piece of pipe leads to the outside of the 
setting. The horizontal pipe is incased 
in another pipe large enough to go over 
the end of the elbow and long enough to 
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Biow-off Main 
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with- 
All of this pipe 
can be taken down from the outside, ex- 
cept the elbow, and I doubt if that has to 
out 


can be raked with a wheelbarrow 


out second handling. 


come soon. 
James E. STANLEY. 


West Point, Ga. 





How Are Gas-engine Valves 
Cleaned ? 


Will some reader please tell me how 
to remove the carbonized oil from the 
valve-bonnets and cylinder-head covers of 
a gas engine? 

A. CHARTER. 

Hornbeak, Tenn. 





Academics and the Engineer 


On page 499 of the March 31 number, 
H. L. Dean decides “that the technical 
graduate in every case is the best man to 
manage a modern power plant.” 

One of the reasons for the technical 
man’s superiority is that while he was at 
college he had the “benefit of the expe- 
rience of his instructors, also the broad- 
ening influence which comes only from 
contact and association with fellow-stu- 
dents.” 

Not wishing to speak disrespectfully of 
instructors at colleges, especially of such 
men as Benjamin and Merrill, I wish to 
relate a true incident of one instructor 
All technical 
tomary to visit large manufacturing es 
It was 


students know it is cus 


tablishments during every term. 


on one of these trips that the instructor 











FIG. 2. 


me flush with the outside of the wall. 
ie balance of the elbow is covered with 
re-clay or 
\ heavy 


asbestos. 

angle blow-off valve is used 
da piece of pipe, put in on an incline 
shown in Fig. 2, clears the ash-door. 
he latter is nearly waist high and ashes 


PIPING ° 


BLOW-OFF MAIN 


bolts and _ set- 
screws and held them up one by one tell- 
ing what they were. “This, my boy,” the 


instructor said, “is a 


had picked out machine 


¥ex1'4-inch set- 


screw—let me see” (taking a rule from 
his pocket)—“I mean a 5¢x3-inch set- 
screw.” 
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| believe that go per cent. of the stu- 
dents at technical colleges have wealthy 
parents and that these 90 per cent. go to 
that these 
good times of drinking, carousing, ha; 


college for a good time; also 


ing, etc., make the “broadening influences 


which comes from association with fel 
low-students.” 
Let us now two men 


compare young 


starting out in life. One goes to a tec! 
nical college and the other starts to work 
The 


completes his course, gets his diploma, 


in a power plant. one at college 


and is now ready to revolutionize the 


mechanical world. Turn to page 503 
of the March 31 number and see what 
one of these technical men can do. He 
tells a man who was chief engineer 
for Benedict & Burnham Manufacturing 
Company, Nazareth Portland Cement 


Company, Pennsylvania Cement Company, 
consulting engineer for the United States 
Rubber Company, and has had other im- 
portant positions, that he “don’t know 
anything about boilers or engines.” 

The young man in the power plant has 
been fireman, oiler, engineer, and by faith- 
the 
evenings and during spare times he has 


ful duty btcome chief engineer. In 


studied with a correspondence school. 
One has knowledge, theory and practice. 
One Which will 
win out in the end? 

ae 2 


three 


has theory only. one 
Crane says, “the mere fact that 
graduates of technical schools or 
a hundred, reached high positions 
that 


these schools have special merit, because 


even 


in manufacturing, does not prove 


where one man from a technical school 
has reached a high position, fifty men who 
had no such technical training have been 
equally successful.” 

[ differ Mr. Dean in regard to 
hand-books, ete. Take hand-books like 


ent, Kidder and Tulley; surely the tech- 


with 


nical man would not come to grief by 
the formulas therein. Or _ take 
Babcock & Wilcox’s “Steam” 
and “Stirling ;” Carnegie Steel Company’s 
hand-book catalog “Steel,” or the National 
find 
anything better than the rules and for 


using 


catalogs, 


Tube Company’s catalog; can you 


mulas contained in them? 
‘7 he 


inan who has practical experience and a 


In concluding, let me say this: 
good mechanical education, whether it be 


acquired through a college course or by 
a correspondence school is the man who 


The 


engine, and 


will win out in the end. man who 


can indicate an not merely 


say what is the trouble and how to rem- 
but who can take the wrench and 
the the who 
knows what he is doing when he closes 
the 


with years of experience around engines, 


{ dy it, 


mak« adjustments ; man 


one valve and opens another; man 


boilers, pumps and condensers; the man 
with all that, and the theory, is the man 
who has the best chance. 

SUBSCRIBER. 


Allentown, 


Penn 
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An Automatic Boiler Plant 


Some time ago I was looking for a 
job in the Virginia oil fields. One night 
I asked permission to stay all night at 
a pumping plant, as there was no board- 
ing house nearer than four miles. 

This station was used for pumping oil, 
and burned natural gas, being equipped 
with a gas regulator; also a pump gov- 
ernor and feed-water regulator. 

I talked with the engineer until bed 
time, when he got down a cot from over- 
head, fixed it for me in front of the 
boiler, and made a bed for himself on the 
floor. We turned in and he was soon 
asleep. I lay there all night, wide awake, 
with the steam gage hovering around 100 
pounds and the water playing up and 
down in the gage-glass. 

The engineer said the practice of sleep- 
ing on watch was common in that dis- 
trict and told of a plant near by where 
the two engineers got on a spree and 
went away for three days. When they 
came back their plant was still running. 

G. G. CorNWELL 

Middleport, Ohio. 





Criticisms of Indicator Diagrams 


If “F. M.” in the February 15 number of 
The Engineer, had given full details with 
his indicator diagram, he could get better 
criticism on it. As it is a Corliss engine 
I think all the points in order of their 
cycle could be marked more sharply. The 
diagram of the crank end is fairly good, 
but the rounding corner at the beginning 
of the stroke in the head-end diagram 
shows that the admission is a bit late. 
This can be remedied by reducing the lap 
of the admission-valve on that end. 

A diagram from a Corliss should in 
general be more regular than “F. M’s.” 
and should show but little compression. 
I think if “F. M.” would first increase 
the angular advance a little to bring his 
admission lines perpendicular to the at- 
mospheric line, then adjust his valves by 
means of the links separately, to even the 
diagrams, reduce compression | slightly, 
cause admission earlier in the head end, 
and probably a little earlier in the crank 
end, also make both cut-off and release 
slightly earlier, he would reduce the 
knock at the ends of the stroke and have 
a cooler running main-bearing. 

R. S. WHITE. 

Milwaukee, Wis. 

In answer to “F. M.” in the February 
15 number of The Engineer, page 250, 
my criticism of the indicator diagram 
shown is as follows: In the first place, 
the admission of steam is late on both 
sides of the piston. This can be overcome 
by moving the eccentric so as to give more 


POWER 


lead. The release is also late; so late 
in fact that the exhaust valve does not 
open until the piston reaches the end of 
the stroke. “F. M.” does not state whether 
the engine is a single- or double-eccentric 
Corliss. We will assume it is a single-ec- 
centric. If so, when he has advanced his 
eccentric. to give more lead it will alsc 
give earlier release, and earlier compres- 
sion. He might shorten his exhaust links 


a little and take more cards. This he 
could do while the engine is running 
probably, at the same time watching 


whatever change it makes. He must re- 
member, however, that in opening his ex- 
haust earlier, by changing the length of 
his links, he makes his compression later 

These changes will probably stop some 
of the knocks on the ends, unless he has 
lost motion to take up. 

As to his main-bearing running warm, 
there are several things which might 
cause this. The shaft might be out of 
line, or the boxes might be worn so they 
need new oil-ways. An examination of 
them might suggest some simple remedy. 
Sometimes keying up the boxes will keep 
them cool, not to speak of keeping them 
quiet. 

W. W. WILLIAMS 

Salt Lake City, Utah. 


In the February 1 number of The Engi- 
neer, page 198, “J. C. F.” wants ¢riticism 
of indicator cards taken from his 12x18- 
inch engine. He does not state what kind of 
engine the cards were taken from, but they 
are apparently taken from a single-valve 
automatic engine with inertia governor of 
the fly-wheel type. Whether a slide-valve 
or a piston-valve it is hard to tell. If the 
engine has a slide-valve direct motion the 
valve-rod should be lengthened; if it 
has a piston-valve, the rod should be 
shortened. Now the universal fault with 
this type of engine, whether slide-valve or 
piston-valve, is that the lead and com- 
pression do not remain constant with a 
variable load. 

Another fault is that the lead is changed 
from end to end as the load changes. 
If “J. C. F.” will place the governor weights 
in the position they occupy when the engine 
is at speed and fasten them there with 
a small wooden block, then remove the 
steam-chest cover and set his valve so 
as to have equal lead on each end, he 
will find that the indicator will show a 
very much improved card. The pin on 
the governor to which the eccentric-rod is 
attached does not follow a path corre- 
sponding to the radius of its circle, but 
follows a curved line, as it is thrown in- 
ward and outward as the load decreases 
or increases. For this reason if 
valve seems to have proper and equal 
travel when the governor weights are in, 
giving the pin and valve the greatest 
throw, it may be far from right when 
the engine is up to speed and the gov- 
ernor weights thrown out toward 


the 


are 
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the periphery, drawing the pin inward in 
a curved path toward the 
revolution. 


axis of 


CHARLES E. Bascom. 
West Halifax, Vt. 





A Faulty Indicator 


A friend wished me to get him an in- 
dicator. I ordered one from the factory 
and when it arrived, he came to my en- 
gine room to see it tried. We warmed it 
up and with a 60-pound spring we got 
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FIG. I. 





DIAGRAM 


TAKEN 
INDICATOR 


WITH DEFECTIVE 








FIG. 2. DIAGRAM TAKEN AFTER REPAIRING 
INDICATOR 
Fig. 1, and after two or three hours’ 


work could not get anything different. 
Being the same make as my own I put 
my spring in and got card, Fig. 2. I sent 
his spring back to the factory with two 
sample cards. 
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FIG. 3. PISTON OUT 


They tested the spring, pronounced it 
all O. K., and it came back, when w: 
got the same kind of cards over agai! 
I then examined the head of the spring 
carefully and on top I saw a small lum; 
which caused the piston to bind in th 
cylinder, as in Fig. 3. I took a fine fil 
and rubbed it off lightly, and then 
diagrams like Fig. 2,as fast as I could 
them off. The factory had failed to dis- 
cover this defect. 


gQ 


rul 


E. P. Sousa. 


Great Bend+Kansas. 
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Accident to Corliss Valve 


An accident which might perhaps inter- 
some of the readers of Power and 
The Engineer occurred on a 750-horse- 
power vertical cross-compound engine, 
Corliss valves and shaft governor, 
used on arc lighting on all-night schedule. 
The running engineer, whose watch was 
from I1:00 p.m. to 7:00 a.m., had stopped 
the engine at the usual time, but reported 
to the chief that it had been pounding 
quite badly and would have to be looked 
over before it could be run the following 
night. 


est 


with 


The high-pressure cylinder-head was re- 
moved and the piston which was 20 inch- 
es in diameter showed about % inch low- 
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of the valve and riveted over; a couple 
of screwed dowel-pins having been put in 
as shown at D D. 

The valve is being run in this shape 
until a new one can be procured. I would 
be pleased to have readers state what they 
think caused the initial fracture, and 
whether they consider it safe to run the 
engine with the valve in this condition. 

G. U. MELLEN. 

Paterson, N. J. 


A Series of Accidents 


A series of accidents which were rather 
peculiar, recently occurred at a mill plant. 
The firm purchased an electric truck for 


use around the mill yard. The storage 














FIG. IT. SHOWING 
er on one side than the other, indicating 
that the rod had been sprung. This was 
straightened and replaced. The top ex- 
haust-valve was then taken out and here 
the initial fracture was located. As men- 
tioned before, the valves were of the Cor- 
liss type, A A, as shown in Fig. 1, being 
plugs through which the core-sand had 
been removed from the casting; B repre- 
sents a piece of the valve which had dis- 
appeared, 2x12x4% inches in size, and line 
C C shows a crack in the valve body near 
its cutting-off edge. The piece B had 
dropped out just in time to be caught by 
the valve in closing, and had thus twisted 


BREAK IN 


Sectior 


eec } 
through Break 


CORLISS VALVE 


battery was usually charged from a dy- 
namo run by a small water-wheel of about 
50 horse-power, the water for the wheel 
being taken from a pond in the mill yard. 

One Saturday afternoon, the water- 
wheel was started for the purpose of 
charging the batteries; soon after another 
workman opened the flood-gates from the 
pond, to draw down the water so work 
could be done in another place, not know- 
ing the water-wheel was running. The 
water-wheel attendant did not notice the 
gradual lowering of the water in the pond, 
and in fact took the chance for a quiet 


nap all by himself. After awhile he was 
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FIG, 2. 


the 2-inch valve-stem so that the valve 
was open the thickness of this metal 
when it should have been closed. The 
piston had struck it in this position, 
springing the rod as before mentioned, 
but the broken piece was exhausted with 
the steam and was found in the exhaust 
elbow. Yet the engine had completed its 
run of several hours. 

Now, what caused the piece to drop out 
f the valve? This surface is concaved, 
f course, and the piece could have got 
nto the valve more easily than out. 

Temporary repairs were made as shown 
n Fig. 2, by bolting on through-straps 
nade of ™%x2-inch flat iron, bent to con- 
form to the curve of the valve cavity, 
the bolts being tapped into the back wall 


Section 
showing Repair 


METHOD OF REPAIRING CORLISS VALVE 


aroused by a peculiar noise, and upon 
looking at the wheel and dynamo, he was 
greatly surprised to find everything run- 
ning backward. 

At first he thought something serious 
had happened to his powers of observa- 
tion, and that the laws of gravity had 
changed, but finally discovered the con- 
dition of things. The wires were at once 
disconnected, and the truck taken to an- 
other place where the work of charging the 
batteries was completed, but the attendant 
fergot to close the water-wheel gate. 

The flood-gates were closed at 5:00 p.m. 
and the attendants went home. About 
11:00 p.m. one of the mill watchmen 
heard a rumble and roar from the wheel- 
house, and was unable to.discover what 


“J 
nw 


Another watchman 


found who ventured into the wheel-house, 


was the matter. was 
discovered the wheel and dynamo running 
at an alarming rate of speed, and endea\ 
ored to close the gate; but the wheel gov 
-- when running in the afternoon, had 
jammed it 


to close it. 


ernor! 


open so that it was impossible 


To reach the head-gate it was necessary 
to pass the flying machinery. His cour 


age was not equal to that, so he went out 


side, and making his way along the top ot 
the dam, finally reached the head-gate and 
by means of an axe and crowbar closed 
it rh 

bid 


afternoon, the 


flood gates being closed in the 
pond filled up and when 
there was sufficient head the wheel started, 
with the results of a badly damaged wa- 
ter-wheel, a ruined dynamo and a severe 


the nerves of several men. 





A. B. CooKson. 
Providence, R. I. 
Indicators 
lo illustrate some of the uses of the 


indicator, in a certain power house there 
are several high-speed automatic piston 
valve engines, two of which were exactly 


alike, being installed at the same time and 


driving generators in parallel, each 


gen 
erator delivering the same number of am 


peres at the switchboard. One engin 


ran as ifearly perfect as an engine could 


and the other gave all kinds of trouble, 


and to use the engineer's expression mad 
more noise than forty engines should 


The 
eral months trying to find out the trouble 


chief and his assistants worked sev 


and set the valves in about every possibl 
but it Finally the 
night man who, by the way, was a young 


way, did no good. 
man, got an indicator and one night took 
some diagrams and they discovered that 
one engine was doing much more worl 
than the other, and found the trouble to be 
due to electrical the 
generator. After slightly changing the volt 
age so as to decrease the load a little, the 
engine 


excessive losses in 


more trouble and 
runs as good as the other one. In an 
other case, a slide-valve engine of about 
50 horse-power, 


gave no now 


after running several 
years, got so badly worn in the eccentric 
that it decreased the travel of the valve 
so much that steam was admitted at about 
7, of the stroke. As it was impossible 
for the engineer to put on a new eccentric 
or get the old one repaired, he did the 
next best thing: added lap to the valve 
the get the 


steam at about 


shipped eccentric to 
lead cut off 
¥g, making a saving of 3 pounds of steam 


and 
proper and 
per horse-power, and the engine ran much 
more quietly, doing all the work required 
of it 

He did not get his pay raised but had 
hot “and a better 
engine to take care of. 


fewer bearings much 


HAR 


Elyria, O. 
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291,500 copies of POWER. 
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Gelatinated Oil 


We 


where the lubricating system of a steam 


have recently learned of a case 
turbine ceased to operate because, as it 
was found, a considerable portion of the 
the had turned to 
jelly, completely stopping up the delivery 
pipe. The oil had seemed to have taken 
water, emulsion which, 
when cooled, had set as described. We 


should be glad to learn of any other in- 


oil in elevated tank 


up forming an 


stances of this kind which have come to 
the notice of our readers. 





Electricity for Public Buildings 


The station cost for delivering current 
to the switchboard is somewhere around 
one cent per kilowatt-hour. Some of the 
large metropolitan stations are doing it 
for six-tenths of a cent. 

When this is urged against the 10 cents 
and upward which is ordinarily charged, 
the fact is pointed out that this includes 
only the fuel, wage and supply costs; that 
in addition to this there must be consid- 
ered the interest on the investment, depre- 
ciation, insurance, taxes, distribution, ad 
ministration, collection, ete. 

Not far from New York there is a pub 
lic building 
nected 


with direct-con 


steam-engine-operated 


equipped 
generators 
and a complete lighting outfit, together 
with the pumps, elevators, ventilating and 
other apparatus usual in a building of this 
kind, and boilers enough to run them and 
To run these boilers 
and the machinery a full corps of. fire- 


to heat the building. 


men and engineers is employed. To run 
the electricity it 
would be necessary only to run the steam 


engines and generate 
through the engines to the heating sys 
tem, instead of through reducing valves. 
\n oiler or two would be all the 
help required, and yet the custodians of 


extra 


the building have been allowing the plant ' 


to lie idle and paying the lighting com- 


kilowatt-hour. They 
the 
public 


doubt, 


pany six cents per 
renewed 
the 


prompting, no 


have just contract at 534 


cents, and prints, without 


are commending 
them for their active attention to the in- 
terests of the State, and telling how much 
cheaper this is than to make light them 
selves. 

\dd kilowatt-hour, 
Messrs. Commissioners, the interest and 


to 534 cents per 
depreciation upon your plant, the insur- 
ance and taxes and all that is chargeable 
to the electric-generating outfit, and see 
how much your current is costing you. 
much extra he 
lights, assuring 


Ask your engineer how 
will want to run 
him that he does not put his job in jeop- 
ardy by telling the truth, and see how it 
compares with the cost under your new 
contract. : 


those 


There are a lot of commissioners, and 
they are not all around New York, whose 
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constituents would profit if they would 


follow out an investigation along these 


lines and act upon what it revealed. 





Engineers’ License Laws 
for 


laws work 


Do they protect 


Do engineers’ license 
the good of anyone? 

the public, who are supposed to be pro 
tected, from the evil effects of ignorance 
and incompetence on the part of unquali 
Do they the in 
telligent engineer (who is also supposed 
to be protected) from the competition of 
and ignorant workmen 


lower market rate? 


fied operators ? protect 


inferior whose 


services command a 

The engineers’ license laws of the State 
of Massachusetts have often been pointed 
out as models of excellence and efficiency. 
If the position of the admirers of the 
Massachusetts laws is justified in the re 
sults of the working of these laws, then 
conditions in Massachusetts must 
superior to those in States where such 
laws not The engineers must 
be the most intelligent of their class, with 


be 


do exist. 
wages higher than those of men in the 
same trade in other States, and higher 
than the wages of the workmen in other 
trades, whose hours of work are shorter 
and upon whom less responsibility rests ; 
and the public must be 
the better condition of power plants, and 


safeguarded by 


workers not exposed to the dangers r 
sulting from intrusting possibly danger 
ous combinations of steam-generating ap 
paratus to the care of incompetent and ig 
norant men. 

Now, are Massachusetts engineers bet 
ter paid than engineers of States wher 
the cost of living is no higher than in 
Massachusetts? Are they better paid than 
workmen of other trades whose work 1 
ot 


increase in 


lighter and whose hours work ar 


When the 
of living is considered and the advance: 


shorter ? the cost 
in wages in all trades is carefully looked 
into, must it not be admitted that, meas 
the the 
living and the wages of other workmen 


ured by two standards cost ol 
the wages of the Massachusetts engine! 
have actually declined since the enactmen! 
of the And.as to publ 


safety, it can hardly be said that Mass: 


license law S ? 


from. disa 
the 


pays for boiler inspection and protectio 


chusetts has been immune 


trous boiler explosions. If publi 
from the results of incompetent and ig 
norant boiler manipulation, the public | 
entitled to have the goods delivered. ‘Uw: 


than on 


disastrous explosions in less 
year indicate to some extent the interes! 
taken in the public welfare by the Massa 
chusetts district police. If the engineers 
license laws do not directly benefit th 
engineer socially, intellectually or finan 
cially, and if these same laws do not tend 
toward public safety (and the stories that 
recent explosions tell proves that they 
not), it is time that they were wiped from 
the statutes. 
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Lead and Compression 


This question sometimes comes to the 


perating engineer: Shall I set the 
valves on a Corliss engine differently 
when running condensing from what | 


would if running non-condensing ? 
Some engineers think it necessary to 
ise lead and compression to an extent 
that to some others looks like a case of 
horrible while the diagram 
from the no-lead engine gives the com 


example,” 


pression man the shivers. 

The engineer who insists upon lead in 
order to have full steam pressure on the 
piston at the beginning of the stroke, and 
compression to fill the clearance 
with cheap steam, ane stop the moving 
the the stroke without 
hock, finds that when he must run non 


space 


parts at end of 
ondensing a change in valve setting is 
prevent the clatter of the 
steam valves as they rise from and _ fall 


necessary to 


back to their seats at every stroke. 

The non-compression man secures quiet 
running — by keying, and if the 
vacuumis lost the fireman usually notices 


close 


it as soon as the engineer, for nothing in 
the behavior of the the 
change. The governor balls will revolve 
ina lower plane and the receiver pres 


engine shows 


sure will rise, but the engineer notices no 
change in the familiar sounds of the en 
room. Then there is another little 
difference. The engineer with the hand 


gine 


some compression curve always wonders 
why the engine builders put in such small 
that the line of the 
diagram falls off so much after the pis 


steam) ports steam 
The fellow with the later ad 
nission and no compression to speak of 


ton starts. 


finds the same steam ports nearly, if not 
quite, large enough for economical steam 
distribution. 





Hope Deferred 


\ half-dozen ago at least the 
writer was shown, at a shop in Chicago, a 


Steam 


years 


of construction 
which its inventor, John I. Brady, claimed 
Was going to develop a horse-power on 
three pounds of 


turbine in course 


steam per hour per 


horse-power. An attempt to demonstrate 
to him the impossibility of getting more 
out of the steam than there was in it was 
met by an amusing assumption of an air 
0! lofty superiority. 

We have heard of the turbine from time 
to time since.. The original design was 

found impracticable and it was aban- 
doned. Tf it had been mechanically prac- 
ticable there was not a feature in it which 
would 


elhorencies. 


have improved current turbine 


cently we learned that a turbine had 


at last been evolved that would run and 
that it had been sent to the University of 
Indiana to. be tested. The results are not 


publication, but are variously stated, 
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among the knowing, as from 21 to 71 
pounds. 

Mr. Brady, by his intercourse with the 
professors, seems to have caught a glim 
mer of the principles involved in turbine 
design and has issued an appeal to his 
stockholders for more time 

with which to “make good.” 

The difference between 


and money 
3rady and the 
promoters of some of the other asininities 
that we that he 
backed his ideas and manifested his faith 


have exposed is has 
in himself by investing his own money 
He may get something if he keeps at it 
long enough, but he started without even 
an elementary knowledge of the subject 


with nothing but an impracticable me 
chanical construction in his head—and he 
does not seem to have got very far yet 


If his backers had wanted to develop 
an inventor they 
found 


could ten 
better 


srady appears to be now. 


years ago 


have one equipped = than 


Originality 


It has been said that there is nothing 
new under the This 
in part, because practically 


sun. may be true 


every new 
thing has something about it suggestive 
of some other thing which has gone be 
Men think and the 
same lines, and so it is very seldom that 
we hear of an entirely original idea. If 
a new idea is presented, it is taken up 


fore. work along 


and overworked to such an extent or so 

badly mutilated that it loses considerable 

of its value. 
In machine find 


design we many in 


stances of idea been 


worked out by someone else being also in 


a good which has 


corporated in the new apparatus, and the 


borrower, even when he does not claim 
the idea as original, goes to no. great 
trouble to inform the misinformed that 


the idea is the product of another's brain. 

Recently we saw an engine of ancient 
make which had originally been equipped 
with a single eccentric. Some time dur 
ing recent years it was equipped with a 
second eccentric, the credit of which is 
claimed by two engineers, one the oper 
ating engineer and the other a man higher 
in authority. One of these men doubtless 
the that 
would be a help to the geheral operation 
that 


idea SO to 


conceived idea two eccentrics 
of the engine, but it is safe to say 
both did the 


equip it. Ifonor should prevent us from 


not originate 


taking credit when it does not belong to 


us. There is a distinction between hon 
esty and honor. Albert Mathers states 
that “honesty will unflinchingly take to 


itself the benefit of a doubt in its favor; 
honor, however, will voluntarily give up 
that doubt, even to its enemy.” 

Not long ago the writer cxamined the 
plans and viewed the first working prod- 
uct of a new rotary steam engine, and a 
few days later saw under construction the 
first easolene eneine 


working rotary 





Strange as it may seem, the two cylin 


ders were wonderfully alike in design; in 
fact. several features of one were em 


bodied in the other. Doubtless both inven 
tors would lay claim to the original idea, 
but it is hardly probable that both hap 
pened to hit the 


told that an idea has 


upon it at same time. 


llow often are we 


been stolen from such and such a maker. 


In many instances this may be true, and 


the originator of the idea, while perhaps 
receiving some returns from his labors, 
finds that another claims a portion of the 
vlory, if there happens to be any. 

It is that 


others shall respect their ability, but re 


natural for men to desire 


spect can be obtained more easily by 


hetne fair and above-board. 


Cost of Preventing Boiler Scale 


Arthur DD. 


Some time ago, Little, a 
Boston chemist, was called upon by a 
client who controlled a number of boiler 
plants, to study the conditions therein 


with a view to standardizing the methods 


of preventing boiler scale and reducing 


the expense therefor. In seven mills he 


found soda ash and kerosene in-use, 


either alone or in combination with each 


other, while in three mills a sumae com 
pound was employed 


latter 


The price of the 
was ten cents per pound, its ap 


proximate composition being: Water, 28 


per cent.; insoluble matter, 9 per cent 
soxdium carbonate, 43 per cent.; sodium 
phosphate, 13 per cent.; organic matter 
(tannin), 7 per cent 


Another mill was using a special com 
pound costing only 234 cents per pound, 
with an approximate composition of 14 
per cent. of alkali, 5 per cent. of insoluble 
and &1 
organic matter. 

Still 


pound at 6 cents per pound, composed 


matter per cent. of water and 


another mill was using a com 


of 10 per cent. water, 53 per cent. soda 


ash, 33 «per cent. common salt, { per 


cent. organic matter. 
found that all 
combination 


It was the mills in the 


which used special com 


pounds were expending nearly $1300 per 


year for boiler compounds. Those which 


wete using only seda ash and keroser 


were expending very much less per hors« 


power, although practically the same 


water supply was provided 


The method of applying the soda ash 


was investigated and it was found that 
in the case of a number of mills there 
was a mistaken idea of the use of a boiler 


The 


while differing 


compound methods 


these 


employed in 
mills, somewhat 11 
details, were to add the soda ash once a 
The 
the 


week true method is, of 
to add 


continuously, keeping the precipitated mat 


COUT s+ 


soda ash in small quantity 
ter in such condition that by frequently 


blowing it off the boiler is kept clean 
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Book Review 


TABLES OF THE PROPERTIES OF SATURATED 
STEAM AND OTHER VAPORS AND TEM- 
PERATURE-ENTROPY TABLES. By Cecil 
H. Peabody, professor of naval archi- 
tecture and marine engineering, Massa- 
chusetts Institute of Technology. Sev- 
enth edition; rewritten. Published by 
John Wiley & Sons, New York; 
1907. Cloth; 131 pages, 6x9g inches. 
Price, $1. 

Professor Peabody’s well-known tables 
were calculated 20 years ago, to accom- 
pany his “Thermodynamics of the Steam 
and are now recalculated to in- 
clude the information made available by 
Cal- 
lendar, Barnes, Knoblauch, Jakob, Thomas 
and others. To the tables for saturated 
steam added columns of the 
entropy due to vaporization, and the table 
‘n metric units has been made into a 
version table by printing the metric 
British units in parallel columns. 

The most important addition to the vol- 
ume is a temperature-entropy table, by 
which the solution of adiabatic and other 
problems is much facilitated. Imagine a 
temperature-entropy diagram drawn to 
such a scale that the quality can be read 
to four decimal places for steam contain- 
ing moisture and to even degrees of 
superheat; the heat contents to four in- 
teger places, and the specific volume to 
hundredths of a cubic foot; and then the 
values read and tabulated for each degree 
of temperature and each one-hundredth 
of a unit of entropy, and you have an idea 
of what this table is. The temperatures, 
varying by even degrees from 420 to 85 
degrees Fahrenheit, are given, with the 
corresponding pressures, at the left, and 
the lines across the table are, therefore, 
constant-pressure lines, and for saturated 


Engine,” 


the experimental investigations of 


have been 


con- 
and 


steam constant-temperature lines. 
The table is so arranged that 
lines extend across the two facing pages, 
and it is divided vertically into triple col- 
umns headed by the entropy values, so 
that the vertical lines, as in the diagram, 
are lines of constant entropy. The table 
is further divided by a broken line fol- 
lowing, as nearly as the variation of the 


these 


units permits, the line of saturation. . If 
the initial pressure and quality are given, 
the former is located at the left and the 
line followed horizontally until the given 
quality, whether in moisture or superheat, 
is reached, when the specific volume and 
heat contents will be found with it, and 
the entropy at the head of the column. If 
the energy developed by adiabatic expan- 
sion to another temperature and _ pres- 
sure is desired, one has only to seek the 
intersection of the line corresponding to 
that temperature with a vertical column 
(it will probably be on another page) of 
the same entropy as that found for the 
initial state, where he will find the qual- 
ity, heat contents and specific volume of 
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the expanded steam. The difference be- 
tween the heat contents for the initial and 
final condition will be the heat converted 
into work and may be translated into 
foot-pounds by multiplication by 778. 
Many other applications of the table, as 
for determining qualities in calorimeter 
work, will suggest themselves. 

As the table varies by even degrees of 
temperature the given pressure may not 
be found within a couple cf pounds in 
the high-temperature part of the table. 
but the pressure variations get down to a 
pound and a half around 100 pounds, 
allowing one to get within three-quarters 
of a pound in this vicinity, while at one 
or two pounds absolute the pressures vary 
by hundredths of a pound. As the heat 
contents in the upper end vary by only 
about a heat unit in some 1200, little ac- 
curacy is sacrificed by the inability ww 
locate the exact pressure and little would 
be gained by expanding the table, which 
already occupies 52 pages, to fractional 
degrees in this portion. 

The difference of one-hundredth of.a 
unit in the entropy, on the other hand, 
makes a considerable difference in the 
heat contents, specific-volume and quality. 
If the heat contents at a low temperature 
be taken from those at a high tempera- 
ture in one vertical column and the pro- 
cess repeated for a contiguous column, 
the differences will be found to be very 
so that whether or the other 
column were chosen for a given quality, 
heat content or volume would make little 
difference in the final result, and inter- 
polation will rarely have to be resorted 
to for the attainment of a degree of 
accuracy sufficient for any ordinary pur- 
pose. 

The the table deals 
with temperatures from 420 to 373, and 
with entropy from 1.52 to 1.50. 


close, one 


first opening of 
The next 
opening instead of carrying the entropy 
along for the same temperature range of 
the diagram, deals with the same units of 
entropy from 372 to 325 degrees of tem- 
perature. This is continued until the low- 
zst temperature, 85 degrees, is reached, 
when the table is taken up again at the 
high temperature 420, for the next unit 
of entropy. One following the 
table horizontally, therefore, for steam of 
a particular quality or a given degree of 
superheat, is obliged to change from page 


who is 


77 to page 90, from page oI to page 104 
etc. It would have been an assistance in 
learning to use the table if these skips 
had been indicated in the margin, so that 
where the table left off on one page the 
user would be told to what page it goes, 
and on a later page from what page the 
table had been continued. When once the 
scheme of the table has been mastered, 
however, _ it very easily and 
naturally. 

The introduction has been expanded to 
include the temperature-entropy feature 
and superheated and convenient 
but contracted tables of the average spe- 


works 


steam, 
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cific heat, based upon the work of Knob- 
lauch and Jakob and of Thomas and 
Short, are given. An error of reference 
occurs in the explanation of the use of the 
latter table, where the mean specific heat 
for the example should obviously be 0.581 
instead of 0.557, as given, the value hav- 
ing been taken out of the contiguous col- 
umn by mistake. In the example of ex- 
ternal work done during adiabatic expan- 
sion on page 19, the last term in the first 
equation should evidently be 893 instead 
of 89.30. The 212 degrees at the bottom 
of page 14 1s evidently intended to be in 
the Fahrenheit instead of the Centigrade 
scale, as it is written. The example on 
page 18 gives the entropy of steam at 
100 pounds as 1.1228, while the table to 
which it is referring says 1.1227; and the 
specific volume of 15-pound steam is 
given in the following example, as 26.21, 
whereas the table says 26.20. 

The following errors occur in the bodies 
of the tables themselves: 


TABLE I 


Page 33, temperature 33—,r should read 
1091.0; does read 1092.0. 

Page 41, temperature 369—q should read 
340.9; does read 340.0. 


TEMPERATURE-ENTROPY TABLE 


Page 76, temperature 379, entropy -1.55 
—Ht. Cont. should read 1198; does read 
19908. 

Page 76, temperature 380, entropy 1.55 
—Ht. Cont. should read 1197; does read 
1997. 

Page 81, temperature 312— Pressuré 
should read 80.2; does read 82.2. 

Page 107— Headings of entropy col 
umns should read 1.71, 1.73, 1.74, 1.75; do 
read 1.64, 1.65, 1.66, 1.67. 


LoGARITHM TABLE 


Page 131— Logarithm of 783 should 
read 8938; does read 8838. 

A conversion table of inches of me: 
cury and pounds per square inch makes 
it easy to locate the horizontal line corr: 
sponding to a given yacuum. Tables of 
the physical properties of various vapors, 
of the specific gravity and volume of their 
liquids, and a separate table of the volun 
of water, and tables of common i 
Naperian logarithms, four-place, and fr 
1 to 100, are included. 





Books Received 


“Stationary Engineering.” Three 
umes. By Joseph G. Branch. Rand, 


Nally & Co., New York. Cloth; illu 
trated; indexed. Price of set, $7. 
“Profit Making in Shop and Fact: 
Management.” By Charles U. Carpent 
The Engineering Magazine, New Yor 
Cloth; 146 pages, 514x814 inches. Price, > 
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MUST BE NEW OR 


Vacuum System of Handling Ashes 





The accompanying engraving shows 
diagrammatically the vacuum system of 
handling materials installed by the Eco- 
nomic Engineering and Construction 
Company, Monadnock block, Chicago, as 
applied to the handling of the ashes from 
four water-tube equipped  witlr 
traveling grates. From an elevated stor- 
age tank the air is removed by a motor- 
driven exhaust fan. Into the top of this 
tank connect leaders from the several 
ash-pits where the ashes fall from the 
traveling grates. When it is desired to 
clean out the ash-pits a vacuum is pro- 
dluced in the storage tank by starting the 
fan, one by one the gates in the leaders 
connecting the tank to the several ash- 
pits are opened, and the contents of the 
pit are drawn up into the storage recep- 
wet down and 
cooled off ready to be chuted into the car 
or cart by which they are taken away. 

of air is sufficient to carry 
masses of clinker of considerable weight, 


boilers 


tacle, where they are 


The rush 








The 
amount of power required is small and 
the fan is run only for the few moments 
required for the actual transfer of the 
material. Ashes may at the 
rate of one hundred thousand 
pounds per minute. The system is also 
applicable to the handling of coal. 


ducted with the utmost cleanliness. 


be moved 


to one 





Uehling Revolution Indicator and 
Recorder 


The Uehling Instrument Company, of 
Passaic, N. J., has perfected two devices 
known as the “revolution indicator and 
recorder,” which are illustrated in Figs. 
1 and 2. These instruments are stated to 
be sensitive change of speed, 
the index hand of the indicator pointing 
steadily to the number of revolutions vat 
which the engine is running, while the re 
corder produces a clean-cut record, on an 
8-inch chart, of the speed of the engine 
or machine to which it is attached. 

Fig. 3 is a 


to every 


fac-simile speed record 


the variations 


INTERESTING 


ceased, the 


water 


con- 


sumption stopping during the noon hour, 


and as the 


pre 


ssure grew 


lighter, 


the’ 

















































































































































as well as the finer ash. As the pressure (reduced), showing the variations in FIG, I, REVOLUTION INDICATOR 
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VACUUM ASH-HANDLING SYSTEM UNDER FOUR 350-HORSE-POWER 
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WATER-TUBE BOILERS EQUIPPED WITH 





IRAVELING GRATES 








ithin the apparatus is less than that of 
boiler room, there is no tendency for 
ist to escape and the operation is con- 


revolutions made by a Lippincott. water speed of the motor increased, until 12:30, 
motor attached to a city hydrant. The 
chart shows that a little before 12 o'clock 


when it ran along with slight variations 





until a little after 1 o’clock, when the ir- 




















Date - Saturday Ay 
Water-motor 
Oo 








FIG. 2. REVOLUTION RECORDER 


regular drafts on the water supply again 
began and continued with greater or less 
fluctuation until after 6 p.m., and so on. 
This chart not only shows how closely 
the speed recorder indicated the changes 
of revolution, due to changes in pressure, 
but also revealed the fact that the city- 
water pressure was irregular. 

















FIG. 4. INTERNAL ARRANGEMENT OF UEHLING 
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RECORD MADE BY UEHLING REVOLUTION RECORDER 


The force required to actuate the pin 
or pointer of the recorder or indicator is 
derived from the resistance offered to a 
small paddle-wheel revolving in a bath of 
oil. With the exception of one outside 
bearing, the mechanism consists of a train 
of gear wheels submerged in oil, the pad 
dle-wheel being driven by means of gears 
A, B,C, D and E, Fig: 4. The: fatter 
being mounted on a shaft provided with a 


‘pulley, causes a pointer to move over the 
I } I 


index in accordance with the resistance 
offered by the paddle-wheel. The index 
is graduated in revolutions of the ma 
chine driving the paddle-wheel. 

The cog-wheel 4 is integral with the 
hub of the paddle-wheel; B and C are 
mounted on a shaft journaled in an arm 
which is counterbalanced by the weight /’, 
and, together with the gear-wheel JD. 
wheel A and the paddle, are free to ro 
tate independently about the stationary 
shaft H. The counterweight /° is pro- 
vided with a hub, to which is attached a 
flexible metallic band G, to which a spring 
S is held taut by a wire passing over a 
tension spool 7. The tension of the 
spring is adjustable by the set-screw 
acting upon the spur end. The pointer 7’ 
is attached to the counterweight as shown. 

The wheel E being set in motion, the 
paddle will revolve, offering a resistance 
proportional to the speed at which it 1s 
driven. The force necessary to overcome 
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this resistance is transmitted from D to C, 
and tends to rotate the arm on which D 


and C are mounted, with the counter- 
weight F, about their axis H, in the 
direction shown by the arrow x. This 


turning force is opposed by the spring S, 
which is extended as the force increases 
and permits the counterweight to rotate 
proportionally, carrying with it the pointer 
P. Since the resistance offered by the 
paddle-wheel increases with the speed and 
the spring stretches proportionately with 
the pull exerted by the force required to 
drive the paddle-wheel, and the move- 
ment of the counterweight and pointer is 
controlled by the stretch of the spring, it 
follows that the pointer will always oc- 
cupy the same position for the same speed, 
and must necessarily vary with the speed 
of the paddle-wheel, which speed varies 
with that of the machine by which it is 
driven. The pointer, which moves under 
a properly calibrated index, moves a 
point to the number of revolutions the 
machine is making at the time. 

The recorder differs from the indicator 
in that the pointer is replaced by the pen’'s 
mechanism, and that a properly mounted 
chart driven by clockwork is provided. 
These instruments are driven by a light 
¥%-inch belt running not 


on a_ pulley 


shown. 





A Simple Flexible Coupling 


The flexible coupling illustrated here- 
with, has been in successful operation for 
the last four or five years in connection 
with gas-engine direct-connected lighting 
units. 





FIG. I 


SHOWING BELT 


ENGINE AND 


The construction of this coupling is 


early shown. by Fig. 1, which also shows 
the 


arrangement of studs and the 





AND STUD CONNECTION, 
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method of connecting the belt over them. 


lig. 2 is a sectional 
engine 


appear 








FIG. 3. SHOWING STUDS IN FLY-WHEEL OF 
SPECIAL DESIGN 

detail of the belt-studs is also clearly 

shown. 

The steel studs pass through drilled 
holes in the arms of the wheel and are 
held up against a shoulder by nuts. Ona 
connection of this construction using 
wheels of six arms each, 24 studs are 
used. A double-ply leather belt is used 
on large units, but for small units a 


single-ply belt is preferal 


Knugine Wheel - 


Rolled Stud 


Double Ply 
Leather Belt 


ALSO SECTIONAL VIEWS ¢ 


GENERATOR WHEELS 


possible chance for the studs to hit each 
least 


view 


le. 


a fh 
T 








1F THE 


of 
and the generator wheel as they 
when connected by the belt. 


both 








other, as there is a clearance of at 


2 inches between the stud .4 on the engine 








the 


The 





There is no 


Generator Wheel 








wheel and the stud B on the generator 
wheel. The only thing that could happen 
would be the stopping of the generator. 


The of this construction, 


especially in electric-lighting units where 


advantages 
gas engines are used, can be appreciated 
as the generator does not have to be ex 
actly in line with the engine. 

The studs shown on the wheel in Fig. 
3 are 3% inch in diameter at the belt-end 
and 54 inch in diameter through the fly 
wheel the latter of 
stronger section than ordinarily ac 


arm, being made 
on 
count of the weakening of the parts by 
drilling the stud-holes, and for the fact 
that all of the power to the generator is 
transmitted through them. This coupling 
is the invention of G. J. McFadden, Brad- 
ford, Penn. 


The “Long” Slide Rule 


The Engineer (London) describes in a 
recent issue a new slide-rule, the essential 
feature of that the 
marked off continuously on its upper and 
lower limbs—from 1 3.2 on the top, 
3.1 to 10 the In 
other words, the divisions are enlarged, 
but in order to keep the rule within con 
venient limit of size, the scale is marked 
the top the 
bottom one. The general appearance is 


which is scale is 
to 


and from on bottom. 


on limb and continued on 
the same as the ordinary slide-rule, and 
the logarithmic divisions are used. One 
peculiarity of the method of working 1s 
that multiplication is carried out similarly 
to division on the ordinary slide-rule, and 
vice versa. This is accounted for by the 
manner in which the slide is divided. The 
divisions read from one at the right hand 
of the lower scale on the slide to ten on 
the left hand of the upper scale on the 
slider, which is, of course, just the reverse 
of the 
Once having 


markings on an ordinary rule 


become accustomed to re 
versing the usual method, there does not 
appear to be any difficulty in making cal 


culations, and a greater degree of accu 


racy can certainly be obtained. As _ ther 
is only one scale on the face of the rule, 
it is obvious that square roots cannot be 


obtained direct by moving the cursor along 
and taking the reading required on the 
The 


moved 


slider has to be re 
till the the 
root of which is required, is opposite the 


opposite scale. 
versed and number, 
same number on the seale, and the root is 
then read off at cither the left- or right 
hand of the Although this 


method is slightly longer than with the 


end slider. 
ordinary rule, the results are given more 
and 
sixth powers and roots can be read direct- 


accuracy. Cubes, cube roots, even 


ly, and expressions of the form 


a 
——, ax*, and 
1 Fa A 
e 


in which a is a constant and « varies, can 


x, av x, =» 


be read directly without movement of the 
slide. 





Business Items 


The York Manufacturing Company, of York, 
Penn., maker of ice and refrigerating machinery, 
closed recently 22 orders aggregating 619 tons 
of refrigeration. 

The San Francisco office of the Power and 
Mining Machinery Company has been removed 
from 148 and 150 First street to room 217 
Sheldon building. 


On the first of May the New York offices of 
McIntosh, Seymour & Company were removed 
from 26 Cortlandt street to rooms 1450 and 1451 
in the Fulton building of -the Hudson Terminal 
buildings, 50 Church street ’ 

The Providence Engineering Works, builden 
of Rice & Sargent steam engines, gas engines 
and general machinery, on the first of May 
moved its New York offices to the Fulton 
building, 50 Church street. 

“Directions for Setting the Valves of Rey- 
nolds Heavy-duty and Reliance Corliss Engines ’’ 
is the title of a leaflet issued by the. Allis-Chalmers 
Company. It will be sent to engineers and 
others interested upon application to the 
Allis-Chalmers Company, Milwaukee, Wis. 

The New York office of the General Electric 
Company has been removed from the Edison 
building, 44 Broad street, to the Cortlandt 
building, 30 Church = street. Approximately 
31,000 square feet, or the entire seventeenth 
floor of the Cortlandt building, will be occupied 
by the General Electric Company. 

The Wilpaco Packing Company, 109 Liberty 
street, New York City, manufacturer of ‘ Wil- 
paco" hydraulic packing, has made arrange- 
ments with the Ideal Supply Company, Keystone 
Bank building, Pittsburg, Penn., to represent 
it in Pittsburg and vicinity. Allan MacConnell 
is president of the Ideal Supply Company. 

The C. A. Dunham Company, of Marshall- 
town, Iowa, manufacturer of the Dunham 
trap, recently made a shipment of 36 one-inch 
steam and air traps to the Cerro de Pasco Mining 
Company, of Callao, Peru, South America. 
This bunch of traps, which made quite an 
impressive picture when photographed ready for 
shipment, is for use in a heating system. It 
represents one, only, of several similar ship- 
ments by this company to foreign countries. 

The Ohio Blower Company, of Cleveland, 
Ohio, has just issued a catalog descriptive of 
the Swartwout cast-iron exhaust head (and 
centrifugal steam separators. In addition to 
a popular exposition of the application § of 
centrifugal force to the separation of moisture 
and oil from steam, and descriptions of the 
heads and separators manufactured by that 
company, the catalog gives dimensioned outlines 
of the company’s product, which will be appre- 
ciated by draftsmen, together with tables of 


high- and low-pressure standard flanges, pro- 
portions of single- and = double-riveted  lap- 
joints, and double- and triple-riveted  butt- 


joints, pipe dimensions, properties of saturated 
steam, carrying capacity of pipe, circumferences 
and areas of circles, etc. This may be had 
free upon application. 

One of the signs of returning confidence in 
the business situation is the organization of 
the Canadian Crocker-Wheeler Company, Lim- 
ited, for the manufacture and sale in Canada 
of the Crocker-Wheeler apparatus. F. E. 
Lovell,, president of the new company, is a mem- 
ber of the old lumbering firm of H. Lovell & 
Sons, of Coaticocke, Que., with extensive inter- 
ests in mills and timber limits throughout 
the province. Russell A. Stinson and F. John 
Bell, vice-president and secretary-treasurer, 
respectively, have been identified with the 
manufacturing, construction and sales’ ends 
of the electrical trade in Canada for the past 
fifteen years, and are particularly well known 
in Montreal, where the head office of the com- 
pany has recently been opened in the Street 
Railway che<abers, Place d’ Armes hill. 


POWER 


. i aon 
New Equipment’ 
The Waukesha, (Wik) "Gas and,, Electric 
Company will build a new gas plant. 
The City of Moultrie, Ga., ° has 
$45,000 bonds to enlarge water works. 


voted 


The city of Pulaski, Va., will improve its 
electric-light plant. Address the mayor. 

D>. B. Caldwell, Campobello, S. C., will in- 
stall an electric-lighting and power plant. 

The Ethel Mining Company, Nevada City, 
Cal., is planning to erect an electric-power 
plant. 

The Port 
contemplates 
plant. 


Arthur (Tex.) 
installing an 


Water Company 
electric-power 


Sy 
The city of Lima, Ohio, will issue bonds 
for the erection of a municipal electric-light- 
ing plant. et 
' T). §. Sanders, Reynolds, Ga., intends in- 
stalling a» power ‘plant and will need 
equipment. ’ 
e.. = 
its pro- 


The Blacksburg Mills, Blacksburg, S. 
preparing to begin construction of 
posed plant. 

The F. C. Ayres Manufacturing Company, 
Denver, Colo., has had plans prepared for a 
mill building. 





New Catalogs 


Smooth-On Manufacturing Company,  Jer- 


sey City, N. J. Circular. Smooth-On gasket. 
Illustrated. 

The Wright Manufacturing Company, De- 
troit, Mich. Catalog. Steam specialties. I 


lustrated, 44 pages, 6x9 inches. 
Ohio Brass Company, Manstield, Ohio. Cat- 


alog D. tadiator valves and union elbows. 
Illustrated, 12 pages, 6x9 inches. 

Ohio Blower Company, Cleveland, Ohio. 
Catalog. Swartwout cast-iron exhaust head 


and centrifugal steam separators. Illustrated, 
SO pages, 6x9 inches. 


Garvin Machine Company, New York. Cat- 
alog C (English, German and_ French. 
Metal-working machine tools. Illustrated, 
$6 pages, 6x9 inches. 

Merchant & Evans Company, 517 Arch 
street, Vhiladelphia. Catalog. Hele-Shaw 
cluteh, Evans change speed gears, Star tire 
cases, ete. Illustrated, 40 pages, 8x10l% 
inches. 

Reagan Grate Bar Company, 209 North 
Front street, Philadelphia, Venn. Booklet. 


Illustrated instructions for erecting Reagan's 
improved chopping grates for stationary 
beilers. 40 pages, 314x6 inches. 





Help Wanted 


Advertisements 
for 25 cents per line. 
a line. 

W ANTED—Thoroughly 
salesmen. Box 81, Power. 

WANTED—tThoroughly competent Corliss 
engine constructor. Give references, state ex peri- 
ence and salary, expected. “A. C.,’’ PowrEr. 

WANTED—Thoroughly competent — steam 
specialty salesman; one that can sell high- 
grade goods. Address ‘‘M. M. Co.,’’ Power. 

AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago. 

WANTED—Salesman — on 
high grade power specialties. 
experience, Chas. T. Luce 
St., Boston, Mass. 

WANTED—A man thoroughly familiar with 
textile finishing machinery, boilers, engines and 
steam piping, to take position as master mechanic 
and chief engineer. Address Post Office Box 132, 
Providence, R. | 


under this head 
About six 


are inserted 
words make 


competent packing 








commission 
Address, 
Co., 160 


for 
stating 
Congress 
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Situations Wanted 


Advertisements under this head are inserted 
for 25 cents per line. About six words make 
a line. 

“ POSITION with electrical and gas. engine 


company as erecting engineer, young man 21, 
desire to make good anywhere and will go 
anywhere. _R. O. Klepinger, Glen Karn, Ohio. 
ENGINEER will pay $50.00 commission to 
anyone who secures or helps him secure a posi- 
tion as engineer, assistant engineer or station 


man in Rocky mountains or West. Box 82, 
POWER. 
WANTED—A position as_ superintendent 


of some light or power plant by a steam and 


electrical engineer of nine years’ experience. 
Fully understands. the steam and _ electrical 
business, both d. c. and a. c. system, single 


Mar- 
No. 


Hold first-class license. 
ried, 31. years old. Steady and reliable; 
1 references. Box 80, POWER. 

MASTER MECHANIC having twelve years, 
experience erecting compressors, hoisting engines, 
pumps, boilers and general mining machinery, 
would like to engage with some good mining 
company in need of honest man’s service. 
Best of references. Last place eight years as 
master mechanic. Sober and industrious. Box 
79, PowWER. 

POSITION as fireman or helper in steam or 
electrical plant with chance of advancement. 
Single, sober and reliable. Student of I. C. 8. 
in complete steam engineering course. Have 
letter of recommendation. Wages not entire 
object, as experience is what is wanted. Kansas 
or Missouri preferred. Henry Loebel, Cherryvale, 
Kansas. 


and: polyphase. 


Miscellaneous 

Advertisements under this head are inserted 
for 25 cents per line. About six words make 
a line. 

IF YOU DESIRE to learn the latest im- 
provement in steam boilers, correspond with 
the Detroit Water Tube Boiler Co., Detroit. 

ENGINES AND BOILERS, 3 to 2 hp. 
engine castings in sets. Models and general 
machine’ work. Sipp Electric and Machine 


Co., Paterson, N. J. Catalog 4c. 
PATENTS—H. W. T. Jenner, patent attorney 
and mechanical expert, 608 F St., Washington 
D. C. I make free examination and report 
if patent can be had, and exact cost. 
ENGINEERS AND FIREMEN—Send_ 10 
cents in stamps for a 40-page pamphlet con- 
taining a list of questions asked by an examining 
board of engineers. Stromberg Publishing Co., 
2703 Cass Avenue, St. Louis, Mo. 
_ ENGINEERS, fizemen, electricians, mach- 
inists, etc. New  25-page pamphlet. containing 
questions asked by the examining boards sent 


free upon request. Geo. A. Zeller Book Co., 
4468 W. Belle Place, St. Louis, Mo. Established 
1870. ° 


MACHINES DESIGNED; complete working 
and assembly drawings made to your specifica- 
tions; engines, steam pumps, condensing ap- 
paratus, valves of all types and piping a specialty; 
estimates furnished. Address ‘‘C. H.,’’ Mechani- 
cal Engineer, Power. 

A large company in England is just 
keting a new improved mechanical  stoker 
and water gas generator. Inventor has _ re- 
tained U. S. patent righis and wants partner 
to join him in manufacturing it. For inter- 
view and particulars address Box 83, Power. 

Have a non-poisonous compound that will 
absolutely prevent incrustation and_ corrosion 
of boilers. Used by British Admiralty, Rus 
sian and French governments and _ principal 
English railroads. Have bought American 
rights and want partner to help market same 
in U. 8S. For samples and particulars ad- 
dress Box 84, POWER. 


For Sale 


this head 
About six 


mar- 


are inserted 


Advertisements under 
5 words mak: 


for 25 cents per line. 
a line. 

FOR SALE—20x48 Wheelock engine and 
two 72”x18’ high pressure tubular boilers in 
good condition cheap. Address “ Engineer,” 
Box 2, Station A. Cincinnati, Ohio. 


FOR SALE—Peat digging machine for fuel 


or drainage. Daily capacity 3,000 cubic feet 
in cubes. Weight, 4 ton; price, $275. Julius 
Bordollo, Coal, Peat, Sawdust  Briquetting 


Machinery, Kingsbridge, New York City. 


COAL for suction gas producers; the Bernice 
freeburning anthracite pea coal has been proven 
the best coal mined for producers, is high in 
volatile matter; rich hydrogen gas; shipments 
via Lehigh Valley railroad and connections 
a. for prices. C. W. Mooers, shipper, Elmira, 
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A Variable 


POWER AND THE ENGINEER. 


Volume 


Air 





Com pressor 


An Unloading Device Which Varies Air Delivered by Quarter 
Loads and Maintains Full Compound Efficiency at All Times 





B Y 


The machine illustrated is a duplex- 
tandem compound compressor, each side 
being practically a complete machine. The 
principal dimensions are as _ follows: 
Diameter of low-pressure cylinders, 25 
inches; diameter of high-pressure cylin- 
ders, 16 inches; stroke, 36 inches; speed, 
revolutions per minute, 85; displacement, 


H. 


V. H A 


compressors in that region are driven by 
ropes, on the Dodge-American system, 
with long centers, usually 55 feet. The 
diameter of the ropes is usually 1% or 
1% inches. Fig. 1 is not the one belong- 
ing to the compressor, as its Own wheel 
had already been shipped. It has a 
double set of arms, and there is an arm 


’ per 


oS Ww FT 


much over its rated speed, but even at 41 
cent. higher which would 
double the stresses, the wheel would still 
be absolutely safe. 


speed, 


VARYING AMOUNT OF AIR COMPRESSED 


Attention is called particularly to the 
method of unloading the air cylinders, so 
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FIG. I. 


cubic feet free air per minute, 3474; 
diameter of rope wheel, 16 feet; diameter 
of ropes, 1 inch; number of rope grooves, 
18; weight of wheel, 26,000 pounds; 
weight of base-plate, 25,000 pounds; total 
weight of machine, 110,000 pounds ; horse- 
power of driving motor, 600. 

This compressor was built for British 
Columbia, where most of the large motor- 
driven compressors in Canada are located. 
Practically all of the large motor-driven 





LARGE CANADIAN VARIABLE VOLUME 


close to the joint on each side to support 
the heavy lugs. The net area of the bolts 
in the rim joint is about 23 per cent. of 
the net area of the rim. At the rated 
speed of 85 revolutions per minute the 
velocity of the rim is 4250 feet per minute 
and the calculated stress is 490 pounds 
per square inch in the cast-iron and 2100 
pounds per square inch in the steel bolts. 
It is hardly possible for a machine driven 
by an alternating-current. motor to run 


AIR COM PRESSOR 


that the amount of air compressed will be 
varied to suit the requirements. 
The inlet valves on both high-pressure 


and low-pressure cylinders are of the 
Corliss type, with releasing gear, but 
without dash-pots, as shown in Fig. 2. 


When the piston is compressing air the 
valve does not release, but is opened by 
the eccentric a little after the beginning 
of the suction stroke (about 3 per cent., 
to allow for the expansion of the air in 
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the clearance space), and closed by the when released by the stop on the outer Third stage—Left - hand low - pressure 
eccentric at the end of the stroke. The valve bonnet shown in Fig. 4. There’ rear valve and left-hand high-pressure 
action of the unloader is to admit air to. are eight Corliss valves, and these are _ front valve. 
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RELEASING GEAR PLAN SHOWING CUT-OUTS 

the trip cylinder, shown in section, which unloaded in pairs in the following order: lourth stage—Right-hand low-pressure 
pushes the plunger out and the trip-cam First stage—Left-hand low-pressurefront rear valve and right-hand high-pressure 


down, and releases the hook. The valve valveandleft-hand high-pressure rear valve. front valve. 




















FIG. 4. THE VALVE-GEARS AT CLOSE RANGE 


then remains open and the air blows Second stage—Right-hand low-pressure The diagram, Fig. 3, will make it 
freely in and out of the cylinder. The front valve and right-hand high-pressure plainer. The first stage unloads rz, the 


valve is prevented from moving too “far rear valve. second stage 22, the third stage 33 and 
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the fourth stage 44. This gives the fol- 
lowing variations of capacity: Full load, 
3% load, % load, %4 load, no load. At 
whichever stage the machine is working 
the cylinder ratio is the same, and what- 
ever air is being delivered is being com- 
pressed at full compound efficiency. 
There are small weights inside the large 
weights arranged to be picked up or 
dropped one at a time, at each stage, so 
that not more than a quarter of the load 
will thrown off or on at time. 
Throwing on one-quarter of the load at 
a time does not produce any perceptible 
rush of current in an alternating-current 
motor, while a large compressor in which 
the whole load is thrown on and off sud- 
denly is apt to produce surges in the line. 
An advantage of this method of unload- 
ing is that at the same time that it re- 
duces the power it also reduces the pres- 
sure on the journals; when the capacity 
is reduced to one-half, the load on the 


be one 
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the four-stage unloader, and 240 degrees 
Fahrenheit or more for the one with the 


choking unloader. The mercury went to 
the top of the thermometer; how much 
higher it would have gone is not known. 
Another machine of the same size, with 
a choking unloader and running under the 
same conditions, showed on the same day 
a discharge temperature of 278 degrees 
Fahrenheit. The latter machine was, how 
ever, of a different make, and had a very 
small intercooler. 

It is 
the air should be hotter with the choking 
than the inlet 
held open and the air allowed to blow in 
and out freely. 

The temperature 
directly as the ratio of initial and final 
When drawing a vacuum the 

low, the 
the same as in 
regular working, hence the compression 


easy to see several reasons why 


control where valves are 


final absolute varies 
pressures. 
initial 
final 


pressure is very while 


pressure remains 


+ Water 
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FIG. 5. FOUR-STAGE UNLOADER AIR SUPPLY 


bearings is also reduced to one-half, and 
when there is no load on the cylinders 
there is no working load on the _ bear- 
ings. Where the unloading is done by 
choking the intake, or closing the inlet 
valves so that the machine draws a 
vacuum, the full pressure comes on the 
bearings at the end of the stroke, no mat- 
ter how much the capacity is reduced. A 
still further advantage, and one which 
iffects the efficiency of the machine, is 
that the air is cooler than in the case of 
iny kind of vacuum control. 


Tue RESULT oF TEstTs 

An opportunity to test this occurred in 
the case of two the exact 
luplicates, and running under the same 
onditions, except that one had a choking 
inloader in the inlet pipe, and the other 
1ad the four-stage unloader described 
bove. Readings taken on the same day 


machines, 


showed a discharge temperature of 221 
iegrees Fahrenheit for the machine with 


ratio is high and the temperature is high. 
On the other hand, when the inlet valves 
are held open, as in the four-stage un 
ioader, the air blows in and out of the 
cylinder freely, the ratio of compression 
and the rise of temperature are practi 
cally zero, and the cylinders get a chance 
to be cooled by the water jackets. 

The absolute temperature of the 
charge is a rough measure of the work 
of compression. In _ the 
above where the discharge temperatures 


dis 


instance given 
were 221, 240 and 278 degrees, the work 
of compression would vary as: 

221 + 460 = 681 degrees = 100 per cent., 
240 + 460 = 700 degrees = 103 per 
278 + 460 — 738 degrees = 108 per cent., 


cent., 
showing an apparent saving of about 3 
per cent. in favor of the four-stage un 
loader. 


OTHER ADVANTAGES 


Another advantage which the four-stage 
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the above machine 
has over a cross-compound machine with 
a choking unloader in the intake pipe, 1s 
that the maximum for current 
for the motor may be less than the full 
lead. With choking control in the intake 
the load is all off or all so that in 


order to deliver even 25 per cent. of its 


unloading device on 


demand 


on, 


capacity it must run part of the time at 
full speed, while the machine with a four- 
stage unloader could run all the time at 
25 per cent. capacity. 

A summary of the 
good points of the duplex-tandem com- 


above-mentioned 


pressor with the four-stage unloader is as 
follows : 

1. High efficiency of compression due 
to maintaining constant intercooler pres- 
sure and proper cylinder ratio. 

2. Load is thrown on and off gradually, 
producing no disturbance in electric lines. 

3. Reduces load 


loads. 


on journals at part 

4. Delivers cooler air than any kind of 
vacuum control, thus also saving power. 

5. Maximum demand for current varies 
approximately with the requirements for 
air. 

Aik Supr_y to UNLOADER 

In order that the unloader may remain 
sensitive it is desirable that the air sup- 
plied to it should be clean, cool and dry. 
Fig. 5 for this 
purpose and also a starting device. The 
air supply is taken from the main receiver 


shows an arrangement 


(not shown) and passes through a length 
of water-jacketed pipe to cool it and con- 
the moisture. The moisture and 
any scale will collect in the 30-gallon tank 
the 30-gallon tank 

unloader, one to 
hottom and one to the middle. 
to the bottom of the unloader raises the 
weights, while the pipe to the middle sup 
plies the air which operates the trip cyl 


dense 


two 
the 
The pipe 


shown. From 


pipes lead to the 


inders. If these two pipes were combined 
in one, then the unloader would “hunt” 
or “dance” on account of the drop in pres 
sure in the small pipe, caused by air being 
drawn off to operate the trip cylinders 


STARTING DEVICE 
The 4o-gallon tank is intended to hold 
air over noon or night so that the machine 
may unloaded before starting. By 
turning the three-way cock, air is ad 
mitted by the upper pipe to the exhaust 
ports of the unloader and from there to 


be 


the trip cylinders, and releases all the Cor 
liss valves so that they remain open and 
the machine starts up without load 





The first annual National Architectural 
Exposition will be held during the week 
of September 14 next at Madison Square 
Garden, New York City. It will be, as its 
name implies, an exhibition of whatever 
enters the equipment 
and decoration of buildings. As is con- 
ceivable, there will be numerotis engineer- 


into construction, 


ine features 
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Failure of a Cross-compound 


Engine 


By W. H. WAKEMAN 





The accident described in this article 
happened to a horizontal cross-compound 
condensing engine, with cylinders 16 and 
30 inches in diameter and a stroke of 36 
inches for both high- and low-pressure 
sides. A study of the conditions under 
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conditions are right for a serious accident. 
The connecting-rod appears to have been 
the weaker part; consequently, as it was 
in compression, it buckled, and was thus 
shortened enough to allow the crank to 
pass the center, after which it appeared 
as indicated by the full lines. 

Up to this time none of the parts of 
this engine had been disabled, and it was 
continued in operation by the force of 
steam at a full pressure acting on the 
other piston and by momentum of the fly- 

















careful 


and 
observation of the wreck after the acci- 


which this engine was run 


dent led to the following conclusions 
concerning the cause of trouble in this 
case, and the order in which interesting 
events took place. 

The high-pressure cylinder exhausted 
into a receiver in the usual way, and as 
this caused water to collect at the lowest 
point, a trap was provided to remove this 
water without allowing steam to be wast- 
ed. As the plant was in charge of an in- 
telligent and careful engineer this trap 
was blown out each day in order to know 
that there was a clear passage through 
it. Notwithstanding this precaution it is 
evident that water collected in the re- 
ceiver until it was forced over into the 
low-pressure cylinder, which is illustrated 
in Fig. 1. 

The direction of rotation is indicated by 
the arrow, and taking the crank-pin and 
connecting-rod in the position indicated 
by the dotted lines, it will be noticed that 
the engine*is approaching the inside cen- 
ter. Owing to the low initial pressure 
the steam valves on this side of a cross- 
compound engine are given more lead 
than would be required if the pressure 
was higher, therefore if water was forced 
over from the receiver it would pass from 
the steam chest into the cylinder before 
the piston reached the end of its stroke 
in that direction. This water would not 
drop into the exhaust chest, because it is 
necessary to close the exhaust valves 
when the piston has still about one-quar- 
ter or more of the stroke to travel, there- 
fore water could be admitted to the cyl- 
inder and retained there when the crank 
is in about the position shown by the dot- 
ted lines, and this is undoubtedly what 
happened in this case. 

With water in the cylinder and the 
crank-pin nearly “on the center,” where 
the crank exerts a very great leverage 
on the crosshead and the _ piston-rod, 








wheel, etc. When this crank-pin had near- 
ly reached the outside center, the high- 
pressure crank-pin was in position to ex- 
ert much force to rotate the crank-shaft. 
The shortened _connecting-rod now 
brought the piston against the crank-end 
cylinder-head, but inasmuch as the crank 
had not reached the extreme outer center 
something had to break, and again the 
connecting-rod proved to be the weaker 
part, and it parted as shown in Fig. 2. 
The longer part of this rod at once 
dropped down out of the way, but the 
short end of it probably did not assume 
the position shown until the crank had 
made another revolution; but whether this 
is correct concerning the time, there is no 
chance for doubt about it coming into 
place as illustrated very soon, and as the 
rough end of this broken rod was planted 
squarely on the bottom of the crank-case 
it punched an irregular hole, about 6 inch- 


es in diameter, down through the com- 
paratively thin iron, which was not closely 
reinforced by masonry. Steam was quick- 
ly shut off and the machinery stopped. 
The outer end of the crank-pin was 
sprung % inch out of its normal 
position, and the whole pin was so loose 
in the hole, where it formerly fitted very 
tightly, that it was easily taken out with- 
out heating the crank for this purpose; 
but no other part of the engine was 
seriously injured. 
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Careful analysis of the above-described 
accident shows that force was applied to 
the crank-pin at three different times, but 
always in the same direction, so far as- 
forcing the pin out of place is concerned, 
as it tended to bend it toward the center 
of the crank-shaft each time. The same 
effect is found in every-day practice, as 
the stress and wear come almost wholly 
on one side of a crank-pin. 

The plan adopted for getting this er- 
gine into service before permanent re- 
pairs could be made is worthy of notice,. 
as it was submitted by the assistant en- 
gineer in charge of that particular engine,. 
and approved by the chief engineer of the- 
system, which comprises several separate 
plants. 

The loose crank-pin was taken out and 
the broken connecting-rod disconnected’ 
from the crosshead. The valve-rod and’ 
the reach-rod were removed. The bon- 
nets were taken off, the valves removed 
and the bonnets replaced. The engine 
was then started and run as a simple 
condensing engine, as exhaust steam from 
the high-pressure cylinder passed through 
the receiver as usual and was delivered 
to the low-pressure side, but it went 
through the steam and exhaust ports with- 
out doing work. It was then discharged 
to the condenser in the ordinary way, as 
illustrated in Fig. 3. 

The boiler pressure was 135 pounds ab- 
solute, which probably gave 130 pounds. 
initial pressure in the cylinder. The re- 
ceiver pressure was. 25 pounds absolute 
and this represents back pressure in the 
high-pressure cylinder. If we allow a 
drop of 5 pounds from the terminal to the 
back pressure, the former is 30 pounds 
and the ratio of expansion is 


130 + 30 = 4.3; 
therefore, steam was cut off a little ear- 


lier than one-quarter stroke, not taking: 
clearance into account. 











An indicator diagram from this engine 
is not available, but a close approximation 
of the mean effective pressure can be se- 
cured by the following rule: Multiply 
the hyperbolic logarithm of the ratio of 
expansion plus 1 by the absolute pressure, 
divide by the ratio of expansion, and sub- 
tract the absolute back pressure. Apply- 
ing it here gives the following result: 


1.4586 + 1 X 130 + 4.3 — 25 = 49 


pounds mean effective pressure. 
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With the high-pressure cylinder alone 
én use it is not unreasonable to claim 
that the point of cut-off was lengthened 
to one-third stroke, making the ratio of 
expansion 3, and it could be extended far- 
ther if necessary. The vacuum gage in- 
dicated 28 inches, therefore the back pres- 
sure may be taken at 3 pounds, as it is 
higher in the cylinder than in the con- 
denser. Applying the foregoing rule to 
this case gives the following result: 

1.0986 + 1 X 130 — 3 = 87 
pounds mean effective pressure. This 
shows an increase of 38 pounds in the 
mean effective pressure acting on the high- 
pressure piston. 

The next step is to ascertain if this 
increase is sufficient to compensate for 
the loss of pressure that formerly acted 
on the low-pressure piston. It is neces- 
sary to reduce this increase of 38 pounds 
on the small piston to its equivalent on the 
larger by dividing it by the ratio, or com- 
parative size of cylinders. The latter is 
found by dividing the larger by the small- 
er area. Then 


706 + 201 = 3.5 and 38 + 3.5— 108 


pounds. In other words, 10.8 pounds on 
the larger, are equal to 38 pounds on the 
smaller piston, when the total force acting 
on each is considered. 

The combined ratio of expansion is 
found by dividing the cubical contents of 
the low-pressure cylinder by the cubical 
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201K 84= 1.688 
cubic inches of steam. Then 

25,444.8 + 1688 = 15, 
which is the combined ratio of expansion 
for this engine. Dividing the latter by 
the ratio for the high-pressure, gives the 
ratio for the low-pressure cylinder, and 

15 + 4.3 = 3.5, 

the hyperbolic logarithm 
1.2528. 

With these data available, an applica- 
tion of the rule above given for determin- 
ing the mean effective pressure gives the 
following result: 

1.2528 + 1X 25+3.5—3=13 
pounds mean effective pressure. 

These calculations show that cutting out 
the low-pressure piston resulted in a loss 
of 13 pounds pressure on each square inch 
of its surface, but 10.8 pounds of this was 
made good by increased pressure on the 
high-pressure piston. 

Further consideration of the problem 
shows that as the large crosshead, piston 
and all of the valve-gear on the low- 
pressure side were not used, the reduction 
of friction was much more than sufficient 
to compensate for the slight differences in 
mean effective pressure; therefore, it 
was practical from a theoretical point of 
view to secure more power delivered to 
the generators (as this engine was in a 
street-railway power house) with the sin- 
gle cylinder in use, than was actually re- 


of which is 




















contents of the high-pressure to the point 
of cut-off. The stroke of both pistons 
on this engine is 36 inches, therefore, the 
low-pressure cylinder contains 


706.8 X 36 = 25,444.8 


cubic inches. The ratio of expansion for 

the high-pressure cylinder is 4.3, as above 

explained, therefore cut-off takes place 
36 + 4.3=—8.4 

inches, and previous to the closing of the 

cut-off valve this cylinder has received 








quired during a greater portion of the 
time under normal conditions. 

Although the load carried in this ser- 
vice varies greatly, the ammeters show 
these variations, making it an easy mat- 
ter to tell exactly what the load is at all 
times. Soon after this accident happened, 
a snowstorm caused an increase of the 
load, but this was carried without trouble 
until repairs were made and normal con- 
ditions restored. The theoretical calcula- 
tion above given shows why this was 
possible. 
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Device for Steadying a Generator 
Driven by a Gas Engine 


By M. W. PuLien 


A four-stroke-cycle gas engine makes 
only one power stroke in two revolu- 
tions. The result is that with a hit-and- 
miss governor the angular velocity is a 
various quantity, particularly if the fly- 
wheels of the engine are light, or the 








FIG. |! 


governor mechanism poorly adjusted. If 
the engine has a throttling governor re- 
sults are much better as far as steady 
speed is concerned. However, unless the 
engine has heavy fly-wheels, or some 
similar means are used to steady the angu- 
lar velocity, considerable variation re- 
sults, and if the driven machine be an 
electric generator the voltage will vary 
considerably. This, of course, causes any 
incandescent lamps on the circuit to 
fluctuate in candle-power and make it 
difficult to read by the lights. 

The writer has installed a few private 
electric-light plants using gasolene en- 
gines as motive power. One of these 
outfits has a 3-horse-power gasolene en- 
gine, having a throttling governor and 
very heavy fly-wheels of comparatively 
large diameter. The generator is belted 
directly from the fly-wheel of the engine 
anl gives very excellent satisfaction in 
the quality of light obtained. This plant 
has been in operation for four years. 

The main objection about such a sys- 
tem is the expense of the engine, being 
a good deal more than the ordinary en- 
gine with a throttling governor and light 
fly-wheels. The above objection 
overcome and some advantages gained 
in another installation of the same size, 
so that the extra-heavy wheels were not 
needed. In this plant it was desired to 
run a power pump as well as the gener- 
ator with the engine. For this reason a 
countershaft was used, and the pump and 
generator belted from it. It was thought 
that the extra belting and pulleys would 
absorb any variation of speed in the en- 
gine, but they did not, although the en- 


was 
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gine ran at 350 revolutions per minute, 
and the countershaft at about 450. In 
order to remedy the trouble and_ still 
avoid using an extra balance wheel on 
the countershaft, resort was made to the 
device shown in the accompanying illus- 
trations. The cure for the trouble was 
radical and much cheaper than a balance 
wheel. 

Referring to Fig. I, the driven pulley 
and engine belt are seen between the pul- 
ley and belt for the generator at the left, 





FIG. 2 


and those for the pump at the right. The 
driven pulley is not set solidly to the 
shatt by means of set-screws, as is usu 
ally done, but is loose, except for the 
spiral spring, shown in Figs. 1 and 2, 
which connects the rim of the pulley to 
a collar which is solidly secured to the 
shaft. 
spring material and is about 14 inches 
35/10 thick. The 
makes about one and three-quarter turns. 
With fewer turns the springs were found 
to break too easily, but the one shown has 
lasted for the 
shows the arrangement as to some minor 
details. 

The the simple. 
When the engine slows up on compres 
sion the spring gives one way, the inertia 
of the armature, shafting, etc. keeping 
the motion uniform. The driven pulley 
and shaft will then be at their extreme 
angularity back from the normal posi- 
tion at compression. The 
power stroke now takes place, and the re- 
lation’ of the pulley to the shaft is the 
forward extreme, the inertia of the arma- 
ture and other parts again helping out 
the action as before, thus absorbing the 
violent fluctuations of angular velocity 
and steadying the electric lights. 

When the machinery is not in use, a 
perscn can readily vary the position of 
the shaft with respect to the driven pul- 
ley about 60 degrees by rotating the gen- 
erator pulley with one hand. The 
amount of variation under running con- 
ditions of course is not known, but is 
ample for the purpose intended. 

Aside from the advantage of 


The spring is made of carriage 


wide by inch spiral 


past five years. Fig. 


action of device is 


maximum 


steady 
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lights gained, the machinery is easier to 
start, since in cranking the engine the 
spring gives a little ani th: engine is 
under motion before the generator moves, 
being somewhat after the fashion of a 


‘Incomotive starting a train, car by car. 


The explosion of the first charge in the 
engine is partly taken up by the spring, 
and so there is much less strain on the 
belts at this severe perio] than with a 
rigid connection. The belts run much 
more smcothly, also; in fact, as smoothly 
as many belts the writer has seen in 
steam-driven plants. Thus a flexible con- 
nection between a gas engine and its load 
has several advantages that could not 
very well be gained in other ways. 





A Model Hotel Plant 


By R. D. SpraGue 





The object of this article is to show 
that electricity can be produced as cheap- 
ly, and in fact more cheaply, in the West 
than where labor and all other expenses 
are higher. The illustration the 
engine room of the Hotel Vancouver, at 
Vancouver, B. C. The steam plant con- 
sists of three return-tubular boilers 73 
inches by 18 feet, with 72 four-inch tubes, 


shows 
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right in the illustration, the boiler room 
being just beyond the wall. The floors of 
the boiler and pump rooms are on the 
same level, nine feet below the engine- 
room floor. The pump room contains a 
3x2x5-inch simplex pump, which pumps 
the condensation from the house-heating 
system to the open heater, thus saving 
this water. There are also a 6xgxI0-inch 
low-pressure simplex pump on the heat- 
ing system in the opera house, which is 
lighted by the hotel plant, also; one 3x2x3- 
inch pump on the returns from the kitchen 
and hot-water heaters; 12x18x12x16- 
inch tandem compound and one 12x7x10- 
inch duplex pumps for elevator service. 
The exhaust-steam heater shown at the 
left in the illustration does the heating for 


one 


the laundry. 

The engine-room equipment consists of 
two Robb-Armstrong engines, with 13x14 
inch cylinders, direct-connected to 75-kilo- 
watt six-pole generators built to stand a 
50 per cent. overload for two hours, with- 
out excess heating. The switch- and gage- 
boards are of marble. 

A door in the rear right-hand corner 
leads into a large shop where repairs art 
made, 
engines leads down under the floor and 
comes up through the room, as shown, 
where the heating-system main is taken 
off below the back-pressure valve. The 


The exhaust-steam pipe from the 





ENGINE ROOM OF THE VANCOUVER HOTEL 


The fuel 
fir slabs, and on an 
average 8.65 loads per day, of from 1 to 
1% cords per load, are consumed. 

The boilers are fed by a 10x6x12-inch 
simplex pump, the 
heated, by an open heater, at from 200 to 
220 degrees Fahrenheit, according to the 


rated at 150 horse-power each. 
consists of 4-foot 


feed-water being 


back pressure on the heating system, the 
hotel and opera house next door being 
heated by exhaust steam. The heater and 
pump are situated under the bridge, at the 


kitchen steam supply runs under the heat 
ing main and supplies steam for the stean 
cookers, warming closets, etc.; also f 
two hot-water heaters supplying th: 
All of this piping, as well as th: 
elevator-supply and return pipes, is ru! 
to the main building through a brick tu 
nel, 6x7 feet in size, the plant being | 
cated in a separate building. 

The daily expense of operation, base‘ 
on an average per day per year, is as fo 
lows: 


rooms. 
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Fuel, 8.65 loads of slabs $20.98 


Engineer's and firemen’s wages... 10.74 
Water, oil, packing, repairs, ete. 3.71 
Oe ee ene ee ener Sere $35.43 


By close observation it has been esti- 
mated that the steam used for the pumps, 
heaters, laundry and kitchen will amount 
to as much as the engineconsumes. The ex- 
haust steam is used for heating, which with 
the work done by engineers in the build- 
ing will readily cut the cost of operating 
the electrical output to one-half the total 
cost, or $17.71. The average daily output 
in kilowatt-hours is 929.33, therefore 17.71 
— 929.33 = I.g cents per kilowatt-hour at 
the switchboard. This shows a saving of 
1.1 cents per kilowatt-hour over outside 
charges. The illuminating company gives 
a three-cent rate to large consumers on 
the sliding-scale basis, three cents being 
the lowest and 10 cents the highest. 

This shows a net saving of 1.1 & 929.33 
= $10.22 per day, which will make pretty 
good interest on $7500, the cost of the 
engines, generators and switchboard, ete. 
The year before that of which the above 
average was taken the cost was only 1.49 
cents per kilowatt-hour. The 
was due to the increased cost of fuel and 
labor. 


increase 





Driving a 36-foot Well 


By GrorGeE P, PEARCE 

This description of the various difficul- 
ties and obstacles that were evercome in 
driving a 30-foot well is written in hope 
that it may help others who contemplate 
obtaining their own water from a driven 
well. The factory was medium-sized and 
used a fairly large supply of water; in 
fact, the water bill averaged about $300 
annually, and every drop was metered. 
When I suggested saving this amount of 
money by driving a well, I was told that 
this had been tried, and was a complete 
failure; also, if water could be got it 
would be so hard that the boiler troubles 
would be awful. 
ment like this did not help much toward 
getting over-enthusiastic on this.idea, &till 


Of course, encourage- 


I had my own views and the power to 
prove them out. 


CuHoosinc A Suirasite Location 
The first thing I did was to locate a 
suitable place for the well, and in doing 
this I picked one convenient to the line- 
shaft and on natural ground, because 
“filled-in” ground is liable to have boul- 
ders in it. I was fortunate in having a 
secondary line shaft on the third floor 
The next 
thing was to order four 12-foot lengths 
of 2-inch double-thick galvanized-iron 
pipe; one 2-inch drive-point, with a No. 
60 brass gage jacket; four 2-inch coup- 
lings: one 2-inch malleable cap; one 2-inch 


directly over this location. 
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to 1!5-inch reducer for the pump connec- 
tion, and one common 3-inch diameter by 


7-inch stroke single-acting pump, with 
windmill top. 

While we were waiting for this ma- 
terial I had about 3x3 feet of the floor 


ripped up and a hole dug about two feet 
deep, so as to get level with the founda 
tions and be sure there were no founda 
tion stones in the way of a straight drive. 
Then [ hunted around for a drop weight 
and finally found a piece of machinery 
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FIG. I 


steel 4/2 inches in diameter and about 36 


inches long, which weighed about 160 


pounds; in one end of this a 1-inch hole 
was drilled and tapped, and a 1-inch eye- 
bolt was 
lock-nut. 


and locked with a 
For a trip, we took some flat 
iron and made it as cheaply as possible, 
as shown in Fig. 1. 


screwed in 


Next the carpenter 
made a rough box out of 11-inch hem- 


lock, 5 inches square inside and about 8 


feet long, with a 14-inch slot running 


centrally the full length of one side. The 
top and bottom were bound with hoop 
iron. Then two holes were cut through 


the tirst and second floors large enough 
for this trough to slide through. 

By this time we had received the ma 
terial, so we took the drive-point, screwed 
on the malleable cap and, with a sledge, 
drove it down to within about 4 inches 
of the ground; then the first 12-foot sec 
tion of 2-inch pipe was coupled on, the 
cap put on the top and the box slipped 
over this, so that the top of the pipe was 
about 18 inches inside the box, which was 
fastened and braced in this position. The 
weight was let down in the box until it 
rested on the pipe, next a length of %- 
inch diameter rope was attached to the 
trip around the distance piece 4, Fig. 1, 
and slipped down the box with the trip 
arm projecting through the 14-inch slot 
and the trip caught in the 1-inch eyebolt 


of the drop. The other end of the rope 


had two turns taken around the second 
line-shaft on the third floor. A cleat was 
nailed across the slot about 3 _ feet 
above the trip, and everything was 
ready. 
How THE Drivinc was DONE 

A laborer on the third floor was then 

put to work pulling on the rope, thus 
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tightening it on the revolving line-shaft, 
which would haul the drop up until the 
trip caught the this 
would knock it off and allow the weight 
to drop, like a pile-driver, on the end 


against cleat, and 


of the pipe. As soon as the drop was re- 
leased the rope would cease winding up 
and by loosening back it could be dropped 
and the trip hooked to the drop again by 
a boy on the second floor. It was neces- 
sary to keep the pipe straight, which was 
Unfortu- 
nately it could not be turned because the 


head 


done by plumbing and guying. 


and 
The driving proceeded finely for 
the malleable cap 
became so stretched that it loosened up, 


drive-point was hexagonal 
flanged. 
about 3 feet, when 
the 


threads on the pipe, so it was replaced 


and I was afraid would’ soon spoil 
with a coupling on which a short piece 
of 2-inch pipe was screwed so that the 
two pipes butted. 

Then a cap was made by boring a hole, 
as large as the outside diameter of the 
pipe, in a piece of 4-inch diameter ma- 
chinery steel 32 inches long; this was 
slipped over the short piece of pipe and 
\fter this we 
had the 


cotter-pinned there. went 


first 12- 


and 


along ©. K., 
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foot section, together with the 3-foot 


point, driven. Of course we had to lower 
the box from time to time as the pipe 
descended, and also move the tripping 
cleat so as to allow about a 4-foot fall to 
the drop; more than this would quickly 
bulge and telescope the short piece of 
2-inch pipe. The rate of descent was about 
'4 inch per blow on this first section. 

section was 
started we struck a very hard stratum, it 
taking 20 to 30 blows to drive 1 inch. 


Shortly after the second 
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This stratum was about 5 feet thick. After 
this came 4 feet of softer material, and 
then we struck something so hard that it 
must have been almost rock, for it took 
40 to 80 blows of 5-foot, and even 6-foot, 
drop to drive 1 inch. This hard stratum 
must have been very thick, for we worked 
all the second section down and about 4 
feet of the third, and were still in it when 
we tested to see if there were any signs 
of water. The plumb-ball went down the 
full distance and came up dry. In its 
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FIG. 3. DRIVE END OF PIPE 


descent I noticed that during the last 8 
feet it seemed to roll down, rather than 
fall, and this suggested that the pipe was 
bent. This suspicion was soon confirmed, 
for upon lowering a bar % of an inch in 
diameter by 12 inches long, it would stick 
about 8 feet from the bottom, and an- 
other bar only 6 inches long would only 
go 14 inches farther. 


DIFFICULTY IN GETTING THE Pipe Up 
AGAIN 


It was obviously useless to attempt to 
drive the well farther, as it was only 
working sidewise, so I decided to draw 
the pipe up and try again. This was ex- 
tremely difficult to do, it taking the com- 
bined effort of six 5-ton screw-jacks for 
the first 12 feet. In doing this, we rigged 
up, as shown in Fig. 2, a very cheap and 
quick arrangement. After this four and 
finally two jacks were sufficient to draw it. 

We were greatly surprised when the 
last section of pipe came up, which was 
‘badly crooked, to find that the 3-foot 
drive-point was broken off and left some- 
where in the ground. I was not sorry 


at this loss, however, and taking a piece 
of 2 7/16-inch shafting, I soon had a 
This was 


point made as shown in Fig. 3. 
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FIG. 4. 


driven into the end of one of the good 
sections of pipe and pinned there as 
shown; then the pipe was drilled for 
about 30 inches from the point with 5/32- 
inch holes, spaced about % inch length- 
wise and '% inch crosswise, and staggered 
so as not to weaken the pipe unneces- 
sarily. 

After this we were ready to try once 
more. It was inconvenient to move the 
well location more than 3 feet from the 
first position, and this was done and 
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everything rigged up again. This time 
we drove the pipe without a hitch, tak- 
ing care to keep turning it as long as 
possible, which was until nearly 20 feet 
had been driven; even in the hardest 
places it never took more than 25 blows 
to the inch, and in soft places 3% inch 
per blow was reached. I attribute this 
easy driving to keeping the pipe straight 
and loose by turning, also to the hardened 
point. At 30 feet down there were signs 
of water, so we drove to 36 feet to get a 
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good supply, which was easy work, as we 
were now in sand. 


CLEANING OuT THE PIPE 


The next thing was to clean out the 
pipe, as there was about 3 feet of fine 
gravel, clay, sand, etc., at the bottom. 
This was easily done by attaching 36 feet 
of I-inch pipe to the pump and putting 
this down the well; water°was next run 
down from a hose and pumped up through 
the I-inch pipe. This soon pumped up 
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all the dirt, and then the pump was at- 
tached directly to the well and pumping 
commenced.- By hard work we succeeded 
in getting 30 buckets of water in the 
first hour, and about one bucket of sand 
came with it. This poor supply was be- 
cause most of the small holes had be- 
come filled with clay during the driving 
and so prevented the water from enter- 
ing, and as the level of the water stood 
28 feet below the pump there was not 
much force of suction at the bottom. 
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However, these kept washing away and 
sand kept drawing in, thus forming an 
open pocket round the pipe until by the 
end of the day one man could easily pump 
from 60 to 70 buckets per hour. 

The next day we rigged up a counter- 
shaft, as shown in Fig. 4, and put this 
over the pump. We made an adjustable 
connecting-rod out of 1%4-inch and 1-inch 
pipe, as shown in Fig. 5, and soon had 
the pump running at 30 strokes per 
minute. We let the water run to waste 
for a few days, while we made a sand 
separator and air vessel out of an old 
kitchen boiler, as shown in Fig. 6, and 
put a 3000-gallon tank on the roof, 40 
feet above the pump. Then we speeded 
the pump up to 68 strokes per minute, 
the maximum that the arrangement would 
stand, connected it to the separator and 
tank, and used the water throughout the 
factory. 

At first we hardly got sufficient water 
for all purposes and had to help out with 
the city supply, but six weeks after this 
the output had increased enough so the 
pump would supply plenty of water for 
everything, and a test proved it to be 
pumping more than 3% tons per hour, 
which is very good for a single-acting 
pump of that size and is 96 per cent. of 
the theoretical amount for that speed. 
The water was excellent, and although 
it did make more scale in the boilers 
than the city water, still a little more 
kerosene than usual in the feed kept this 
well cut up so it could easily be blown 
out. The total cost of this outfit, in- 
cluding labor, was about $250. 





May Meeting of the A. S. M. E. 





Henry Souther, of the Souther Engi- 
neering Corporation, of Hartford, Conn., 
was announced to read a paper at the May 
meeting of the American Society of Me- 
chanical Engineers, on May 12, his subject 
being “Clutches,” with especial reference 
to the types used on automobiles. 
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Tests on Live Steam Feed Water Heating 


Experiments Conducted in South Africa to Observe the Heat 
Transmission through Boiler Plate under Varying Conditions 





BY 


By “live” steam I mean steam direct 
from the boiler, and not from any inter- 
mediate receivers of expansion engines. 

The first man to apply live boiler steam 
to heat the feed-water was John Kirkaldy, 
and it was to a marine boiler; but his 
object was not economy, but to cause more 
equal strains in the boiler plates. Since 
then it has been very definitely asserted 
that whenever this type of feed heater 
was installed, there was a saving in coal 
consumption. At first this vouched-for 
economy was ridiculed, and naturally so, 
for did it not seem absurd to condense 
a portion of the live boiler steam to heat 
the feed-water, when the feed might have 
been heated direct in the boiler itself? 
Then came the experiments of Sir Will- 
iam Anderson in 1872, and later of Sir 
Frederick Bramwell—both of them prov- 
ing that the rate of heat transmission 
through a plate to water was very much 
greater when the water was boiling, than 
when the water was cold, and simply 
being heated to the boiling point. If this, 
then, was the case, the paradox of the 
economy of live-steam feed heating was 
easily explained ; for any boiler would be at 
its best efficiency when all the water was 
boiling vigorously all the time, and not 
cooled at any point by a cold feed. Then 
later, still going on this principle, which 
had its origin in the experiments of these 
two eminent men, it became asserted 
that the true object of a boiler was to 
only evaporate water, and not in any 
be burdened by heating the cold 
feed-water. The cold feed could easily 
be heated in a live-steam feed heater, and 
the only loss possible was a little extra 
radiation. 

The experiments of 
Bramwell 


way 


Anderson and 
were conducted with steam- 
jacketed pans, and the rate of transmis- 
sion of heat measured, first, when the 
water was cold, and second, when boiling 
away vigorously. Anderson’s showed an 
the B.t.u. transmitted when 
boiling over that of cold water of no 
less than from 80 per cent. to 133 per 

Bramwell’s an increase of about 
4 per cent. 1 
Now, the temperature of a steam jacket 
‘ould not be much over 400 degrees Fahr- 
nheit, unless capable of withstanding 
ver 250 pounds per square inch pres- 
The water in the pan boiled at 212 
degrees Fahrenheit, so the degrees dif- 


increase in 


sure 
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ference in temperature would be possibly 
about 200 degrees Fahrenheit. Does it 
therefore follow that the same law of 
rate of heat transmission would hold good 
if the temperature difference is, say, 2000 
degrees Fahrenheit, as is the case be- 
tween the fire and the boiler water? It 
might—but no one can be surprised if the 
law does not hold good. 

Yet on this very long assumption, viz, 
that the rate of heat absorption through 
a boiler plate increases enormously if 
the water is boiling and not cold, the fol- 
lowing theories are based: That a film 
of hot water, or water and gas, exists 
on the inside of boiler plates, causing slow 
transmission of heat; that this film is only 
removed by rapid circulation, and con- 
sequently a boiling-hot feed which would 
produce continuous and rapid ebullition 
in the boiler if necessary, and this end is 
best attained by the use of a live-steam 
feed heater, and herein lies the economy 
of this apparatus; and also that the 
water-tube boiler, having so much greater 
rate of circulation than any other type, is 
bound to be more efficient than a type 
with slower circulation, because the brisk 
circulation sweeps the film of hot water, 
and adhering gases, from the surface of 
the plates, and, in consequence, absorbs 
heat from the fire at a much greater rate; 
and are not these theories clearly borne 
out by the experiments of Anderson and 
Bramwell? If you have had a long quiet 
chat with the representatives of the water- 
tube-type boiler, these principles will be 
indelibly imprinted on your memory. 

It is a good example from history of 
how many theories can be built one on 
the other, and conclusions drawn, one 
being accepted after another, all relying 
on each other, like a pack of cards sup- 
ported at one end, and the whole built 
on a foundation, an experimental founda- 
tion it is true, for no other would be per- 
missible, which has not, yet been proved 
to apply to the superstructure of theories 
piled on top of it. 


PURPOSE OF THE EXPERIMENTS 


It was to ascertain the exact extent of 
this foundation or even see if it existed at 
all, that the following experiments were 
carried out, i. e., to find more exactly the 
different rates of heat absorption of a 
boiler when containing cold water, hotter 
water and water boiling vigorously all the 
time, and the source of heat being, not a 
steam jacket, but actual flames produced 
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by combustion, and all conditions as nearly 
as possible analogous to the generation of 
steam on a commercial scale. 

The first thing, then, was to obtain an 
absolutely constant supply of heat con- 
sisting of flames, to apply this to a boiler 
containing a known weight of water—to 
measure the rate of rise of temperature 
per minute up to the boiling point—then 
to allow the boiler to evaporate a con- 
siderable quantity of water, and note 
accurately the time taken. 

By knowing the weight of water in the 
boiler, the weight of boiler, the weight of 
scale, if any, and the per cent. of mois- 
ture in the scale, and the specific heat of 
each, and then measuring the rate of rise 
of temperature, we at once deduce the net 
rate of heat absorption in B.t.u. per 
minute. This should show a gradual de- 
crease due to the radiation increasing as 
the boiler becomes hotter—till the boiling 
point is reached, when the temperature 
remains steady. This gives us the net 
rate of heat transmission through the 
boiler plate when heating cold water to 
its boiling point. 

Then, by weighing the amount of water 
left in the boiler after boiling for about 
2% hours and multiplying by its latent 
heat, and dividing by the time, we arrive 
at the rate of heat transmission per 
minute during the operation of constant 
and rapid ebullition. If there is any econ- 
omy in live-steam feed heating or in rapid 
circulation of boiler water, the heat ab- 
sorbed when boiling vigorously should 
greatly exceed the heat absorbed by cold 
or luke-warm water. 


DESCRIPTION OF APPARATUS 
The boiler and general arrangement of 
apparatus are shown in the accompanying 
illustration. The boiler was a_ vertical 
cylinder, with flat and slightly 
curvedtop. The scale formation on the sides 


bottom 


was % inch thick, and of a fairly soft 
porous nature. That on the bottom varied 
from 1/32 inch to 1/16 inch thick, and 
was very hard. This thickness was care- 
fully measured, and 3/64 inch is the aver 
age thickness over the bottom. The out- 
side of the next the flame was 
coated with a thin layer of hard-baked 
soot. 

The flame from the blow-lamp played 
over the bottom of the boiler only, and the 
hot gases rising kept close to the vertical 
sides of boiler; but very little heat would 
be transmitted through the sides, if any at 


boiler 
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all. The flame did not extend beyond the 
bottom of the boiler. 


Source or HEAT 

for the success of the 
experiment that the source of heat should 
be as nearly as possible absolutely con- 
stant both in temperature and quantity of 
heat. 

No fire can be kept constant, however 
carefully managed. Electric heating 
would not be analogous to actual practice, 
as the nature of flames is very different 
from the pure radiant heat of incandescent 
wires or substances made hot by the elec- 
tric current. Gas jets and burners would 
be fairly good, but a separate gasometer 
would be required, and the pressure of gas 


It was essential 


Gas 


taken from the town mains would be out 


would need to be kept very constant. 


of the question as the pressure 1s never 
really constant—the opening and shutting 
of gas jets in the neighborhood altering 
the flow to a considerable extent. 

The blow-lamp using paraffin oil, with 
a mercury manometer attached to the cis- 
tern under pressure, gives as constant a 
supply of heat as could be wished for. 
The pressure falls very gradually in the 
cistern, and is not fluctuating, so by using 
the pump every few minutes the mercury 
manometer can be kept steady to within a 
fraction of an inch. 
of heat is maintained constant in 
quality and quantity for three or four 
hours. 


A continuous source 
thus 


The character or nature of the flame is 
important. It was not a pure blue and 
colorless flame, but contained considerable 
quantities of yellow, smoky flame, about 
half yellow and half blue. ‘This was due 
to the nipple of the vaporizer being slight- 
ly enlarged; and, moreover, this mixture 
of blue and yellow flame would be more 
comparable to a coal fire, the flames of 
which are also a mixture of burning CO 
gas, which is blue, and gaseous hydro- 
carbons. This flame and lamp gave per- 
fect satisfaction throughout the whole of 
Not the slightest differ- 
ence in the appearance of the flame at any 


each experiment. 
time could be detected. Small circulating 
eddy currents among the flames remained 
apparently in the same condition through- 
out both tests, each of which lasted about 
three hours. 

Nevertheless, the precaution was taken 
of pricking the nipple of the vaporizer 
every twenty minutes to make certain it 
was not in any way diminishing the flow 
of vapor. This precaution was not un- 
dertaken the flame showed any 
signs whatever of change, but more as a 
matter of principle. 


because 


This operation never 


took longer than two seconds to 


form. 
and was clean and colorless. 


per- 
The fuel used was white-rose oil, 


THE THERMOMETER 


The of 


= 2.5 degrees Fahrenheit. but this amount 


thermometer had a correction 
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has not been deducted from .the readings, 
as we are only concerned with differences. 
It was mercury in glass, and graduated 


in fairly large divisions of 2 degrees 
each. It was calibrated, but the errors of 


calibration were less than the errors of 
observation. 

The readings were taken every minute, 
the time being measured by the second- 
hand of a clock. In plotting the results, 
however, the rise in degrees Fahrenheit is 
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solved air than the total feed on a plan? 
using condensers. 

Following are the data of water evapor- 
ation: 


EXPERIMENT NO. I 
Specific heat of water, I (constant). 
Specific heat of scale, 0.217. 
Specific heat of metal (iron), 0.115. 
Average specific heat of scale, plus 
moisture, ©.507. 
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Mercury Manometer 


EXPERIMENTAL APPARATUS FOR 


DETERMINING 


Vil Vapor Blow Lamy 


HEAT TRANSMISSION 


THROUGH BOILER PLATE 


one at the government observatory, and 


read 24.44 inches mercury. The man- 
ometer was kept constant with a head 
of 18 inches of mercury. 

The weighing apparatus was a lever 


scale with checked weights, reading in 


pounds and ounces. The error of weigh- 
ing would be about 
The water used was Johannesburg tap 


water—not previously distilled or boiled. 


ounce. 


It would therefore contain dissolved air 
or gases in quantity equal to any of the 
make-up water usually supplied to boilers, 
and would contain considerably more dis- 


6:62; = 2375. P. 0.507 = 1.204 water 
equivalent. 

Weight of boiler = 3 Ib. 0.75 oz. 
3.05 lb. X 0.115 = 0.350 water equivalent 


10 Ib. 15 
10.938 wate! 


Weight of water in boiler 
OZ. 10.398 Ib. x 
equivalent. 


— [oS = 


Total water equivalent = 12.492 Ib. 
Net water evaporated from and 
202 deb. F. = 8 lb. 0.875 0z. = 8.05 Ib. 


Net B.t.u. absorbed per minute during 

evaporation 

8 05 X 972 8 
149.3 









= §!1.2 


= §2.2 X 98 % 

















May 12, 1908. 
Steam dryness taken at 98 per cent. 
Pounds of water evaporated per hour 
per square foot of flame-heating surface 


= 6.95. 
EXPERIMENT No. 2 


Specific heat of water, I (constant). 

Specific heat of metal (iron), 0.115. 

Latent heat of steam at 24.44 in. baro- 
metric pressure, 972.8 B.t.u. 

Weight of boiler = 3 lb. 0.75 0z. = 3.0 
lb. X 0.115 = 0.350 water equivalent. 

Weight of water in boiler = 11 Ib. 13.73 


un 


og, = ks Bb. X 10 = 1185 water 
equivalent. 
Total water equivalent = 12.20 Ib. 


Net water evaporated from and at 202 
deg. F. = 8 Ib. 12.5 oz. = 8.87 lb. 

Net B.t.u. absorbed per minute during 
evaporation = 


8.78 & 972.8 


— = 569 X 98% = 55.8. 


Steam dryness taken at 98 per cent. 
Pounds of water evaporated per hour 
per square foot of flame-heating surface 


= 7.54. 
SUMMARIES OF EXPERIMENTS 


Test No. 1. With 3/64 inch of scale 
on the plates: Net B.t.u. absorbed per 
minute when heating cold water, 50.4; 
ditto when boiling the water, 51.2; in- 
crease when boiling, 0.8, or + 1.6 per cent. 

Test No. 2. Without any scale: Net 
B.t.u. absorbed per minute when heating 
cold water, 56.7; ditto when boiling the 
water, 55.8; decrease when boiling, 0.9, 
or — 1.6 per cent. 

Test No. 1: Total B.t.u. transmitted 
per minute through plate with 3/64 inch 
of scale, 61. 

Test No. 2: Total B.t.u. 
per minute through plate without scale, 


transmitted 


70. 


Increase, 15 B.t.u. 


efficiency and capacity increase on 61 
= 25 per cent. 
ficiency and capacity decrease on 76 
= 20 per cent. 
DEDUCTIONS FROM THE RESULTS 


From a study of the results it was ob- 
vious that there was no increase in the 
heat transmission through the 
boiler plate, when the conditions approxi- 
mated those found in actual practice on a 


rate of 


large scale. The very close agreement of 
both the tests, one having a heavy de- 
posit of scale, and the other with that 
scale removed, yet neither showing any in- 
crease or of heat 
when the water was boiling, was a great 


decrease transmission 
surprise in view of current theories. 
Experiment 1 showed only a difference 
of 1.6 per cent., an increase, and No. 2 
exactly the same difference, but a de- 
crease of 1.6 per cent. This very small 
beyond the experi- 


difference is quite 


mental error or our knowledge of specific 
eats and latent heat of steam. 


h 


Without 
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hesitation I would call them exact dupli 
cates. 

After the first experiment showing only 
a difference of 1.6 per cent., it was thought 
sufficiently conclusive not to need any 
further proof. But as all the scale had 
to be removed from the boiler in order to 
weigh it—the second trial was made to 
see the effect of the scale as well as to 
confirm No. 1. The 
perfect, and the effect of the scale is 
not without The only ex- 
planation ever yet offered to justify the 
feed heating from 
an efficiency point of view is that the 
boiler heat boiling 
than when heating the colder feed, pre- 


ci nfirmation was 


information. 


system of live-steam 


absorbs more when 
sumably on account of better circulation, 
no adhering gas bubbles to the plates, and 
no hot retarding film of water, and the 
Bramwell 


figures of Anderson and are 


advanced as experimental proofs. These 
wonderful 


in- 


figures, which reveal such a 
phenomenon as over 100 
créase of heat transmission under certain 
conditions, have their 
when applied to the theories of steam- 


per cent. 


true application, 
jackets, heating coils and condensers, but 
cannot be applied to the generation of 
steam in boilers by fire. 

There will be little or 
in employing live-steam feed heaters, but 
there will be no gain. 


next to no loss 


The apparatus may be useful to deposit 
scale, and it is possible to work a boiler 
without feed-pumps by that system, but 
in this paper I am only referring to it as 
an economizer of heat or fuel, which is 
its chief claim; and if its chief use is to 
deposit scale, it had better be called a 
water softener at once. 


I would here emphasize that during 
boiler tests carried out to prove the extra 
efficiency of the live-steam feed heater, 


all other causes which might conduce to a 


gain must be carefully eliminated. A 
saving in coal over a lengthy period may 
be due to many causes, not the least of 
the the 


house would receive by the higher author 


which is extra attention boiler 
ities in charge, due to a new piece of ap- 


paratus being installed. 


THE ScatE Was Very Harp 


The experiments were each complete in 
itself, the one confirming the other, but 
they are also comparable with each other 
with regard to the effect of scale in a 
boiler. The source of heat was kept ex- 
both tests—and all 
conditions were exactly the same, except 
the scale. It must be said that the scale 
was very hard, of a crystalline structure. 
almost pure white, and stuck to the plate 
very rigidly. It was in no way loose or 
porous, and perhaps this accounts for its 


actly the -same for 


great inefficiency as a heat transmitter, 


though only 3/64 inch thick. 
In experiment No. 1, with scale, the 
heat absorption was 61 B.t.u., without 


scale it is 76, an increase of 25 per cent 
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But it 
does not follow in my opinion that the 


on 61, or 20 per cent. loss on 76 


capacity or efficiency of a boiler is re- 
duced by 20 per cent. with a 3/64 inch 
scale deposit ; for this is only the loss 
immediately in the neighborhood of the 
flames or fire. It may not be so great a 
loss for the remainder of the heating sur- 


face which is played on by hot gases, 
which are very much cooler than the 
flames. The effect of scale may be less 


detrimental with lower temperatures. In 
other words, if the loss of capacity and 
efficiency is 20 per cent. against the flame 
heating surface, will not a portion of this 
loss be recovered by the remaining heat 
ing surface, especially as the gases will 
leave the combustion chamber hotter by 
that 20 per cent.? It is not a conclusive 
enough test to apply to a boiler, plant, es- 
with though it 


pecially economizers, 


shows what a serious loss is incurred in 


the combustion chamber (where usually 
60 to 70 per cent. of the steam is gener- 
ated) due to a thin layer of hard, tena 
cious scale only 3/64 inch thick 

With reference to circulation in a boiler, 
much information was also afforded. 

It is that the 


water in vessel is 


obvious circulation of 


any increased many 
times over once the water begins to boil, 
the 


Hence in these experiments 


when heated from bottom or at the 
lowest point. 
the circulation during the latter portion of 
the trial than 
during the first half hour, while the water 
remained below the boiling point. The 


difference in the rates of circulation be- 


was many times greater 


tween boiling water and cold water would 
be many times greater than the difference 
in rates betwen the best water-tube boiler 
ever made, and an ordinary cylindrical 
But 
trials show that the rate of heat absorp- 


vessel—if both were boiling these 
tion is exactly the same to stone cold 
water with very poor circulation as it is 
to boiling water with very vigorous, al 
most explosive circulation. Hence any 
increased efficiency claimed by the water 
tube boiler makers on account of a more 
rapid circulation than in, say, the Lan- 
multi-tubular 


boiler, must be regarded as a quantity so 


cashire or any under-fired 
small as only to be measured by higher 


mathematics. 


Upon this subject Charles Whiting 
Baker writes as follows :* 
“Let it be understood that I am refer- 


ring to circulation only as affecting the 
transfer of heat and the consequent econ- 
omy and capacity of the boiler. Good cir 
culation is desirable to prevent unequal 
the consequent 


straining, and it may be desirable in pre- 


heating of boiler, and 
mud in 
places where they are least desirable; but 


venting deposits of scale and 
that it has any appreciable effect on econ 
omy and capacity is not proved, and prob- 
ably cannot be.” 


*Trans. A. Soc. Mech. Engineers, Vol. XIX, 
p. 579, or 
p. 241. 


Kent's “Steam Boiler Economy,” 
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The author respectfully submits that 
the experiments described in this paper 
have proved it, and in no uncertain way, 
and, further, that they completely justify 
Mr. Baker’s cautious conclusions and pre- 
dictions. 


CONCLUSIONS 


1. That the rate of heat transmission 
through a boiler plate is exactly the same 
from a fire or flames to cold water as it 
is to boiling water. 


2. That the rate of heat transmission 
through a boiler plate from a fire or 
flames is independent : 


(a) Of the circulation of water in 
boiler. 

(b) Of any layer of gas bubbles ad- 
hering to the plates. 


(c) Of any hot film of water next 
the plate. 





POWER AND THE ENGINEER. 


Dimensiors of Engine Parts 





By E. H. LAne 





Fig. 1 shows the latest design of the 
crank end of a connecting-rod, and the 
dimensions are as nearly correct as can 
be ascertained by rough measurements. 
The dimensions were taken from a 34 and 
72 by 48-inch vertical cross-compound 
engine, running at 80 revolutions per min- 
ute, with 180 pounds steam pressure. The 
pin is 12 inches in diameter and Io inches 
long. This gives a bearing surface of 120 
square inches. Assuming the diameter of 
the cylinder to be 34 inches, the area of 
which would be 907 square inches, 
multiplying this by the steam pressure mi- 
nus the receiver pressure will give 
165 X 907 = 149,655 pounds pressure on the 
pin, neglecting the weight of the rod, 
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and tapers toward the crosshead end. 
The crosshead end has the accepted solid- 
end construction. The bolt which controls 
the adjusting wedge is 114-inches in diam- 
eter and has six threads to the inch. In 
keying up it is customary to draw it up 
solid and then back up one-fourth turn 
and tighten the lock-nut C. 


SoLip-END TYPE OF CRANK-PIN 


Fig. 2 shows a solid-end type of crank- 
pin end of a connecting-rod. This is the 
strongest rod that can be made, I believe, 
at least I have never known one to fail, 
while I have had to remove broken bolts 
from the type shown in Fig. 1, although 
a smaller end. The steel bolts used in 
the smaller rods, the type shown in Fig. 1, 
sometimes crystallize and the head breaks 
off. This rod-end shown in Fig. 2 is 
used on a 36 and 72 by 60 horizontal 
cross-compound engine, and as will be seen, 
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. That there is no gain in efficiency by pistonandcrosshead. Dividing this weight the pin is 12 inches in diameter and 
8 td p 8 p 
live-steam feed heating in so far as it by the bearing surface of the pin, we have 11 inches long, which gives a_ bearing 


is dependent on the above principles, and 
it is not known to depend on any others. 

4. That the effect of a layer of hard, 
tenacious scale 3/64 inch thick, reduces 
the rate of heat transmission through a 
boiler plate, and therefore its efficiency 
and capacity to generate steam, by 20 per 
cent. in the neighborhood of the combus- 
tion chamber and flames. (This loss may 
be partially recovered by the remaining 
heating surface or economizers. ) 

5. The rate of evaporation in these ex- 
periments is about 7% pounds of water 
per square foot of flame-heating surface 


per hour, which is quite a common figure 
in actual practice. 





The graduating exercises at Purdue 
University, Lafayette, Ind., will be held 
June 10 next, when the address will be 
delivered by Dr. Harvey W. Wiley. 


1247 pounds per square inch of bearing 
surface. Of course a crank is not sub- 
ject to this pressure all the time, but 
when one remembers that this type of 
engine has a possible cut-off of five- 
eighths stroke and that they frequently go 
the limit, it would really mean nearly a 
constant pressure. There is a modifica- 
tion of this end in general use, however, 
in which the adjusting wedge is placed on 
the other side of the pin. This is a good 
feature, for it enables one to keep the rod 
length constant. Fig. 1 shows that this 
type of end has all the advantages of the 
marine end, in that it can be readily taken 
apart and reassembled by simply removing 
the large bolts A and B, which are a driv- 
ing fit. It also possesses the advantages 
of the solid end in the ease of adjustment, 
and the fact that there is no movement 
of a strap. 

The connecting-rod is flat on two sides 


surface of II X I2 or 132 square inches. 
The area of the 36-inch piston is I017 
square inches. Take the steam pressure 
at 180 pounds and subtracting the receiver 
pressure we have 1017 X 165 or a total for- 
ward pressure of 167,805 pounds. Divide 
this by the bearing surface of the pin, we 
obtain 1271 pounds per square inch of 
bearing surface. This engine has a pos 
sible cut-off of five-eighths stroke, runs at 
75 revolutions per minute and about twen- 
ty hours per day. As the engine was built 
about seven years ago and the brasses 
have never been rebabbited, the designer 
evidently made no mistake when he de- 
signed it. As far as strength of the end 
proper is concerned, it will readily be seen 
that the weakest part is the section 
through which the 134-inch hole is drilled 
for the adjusting cap-screws C and D 
This has a cross-sectional area of 334 X 7% 
or 24.46 square inches. Since there are 
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two such sections, the total area would be 
48.92 square inches. 

The total pull on this ‘section is 167,805 
pounds, which divided by the cross-sec- 
tional area, 48.92, equals the tensile strain 
per square inch of metal or 3430 pounds. 
It will be seen by this that there is a 
large factor of safety allowed. The cap- 
screws controlling the adjusting wedge 
are 1%4 inches in diameter with six 
threads per inch. On keying up, the low- 
er cap-screw D is loosened and the wedge 
drawn up as far as possible with the bolt 
C. Then slack off the top bolt C one- 
fourth turn and tighten the lower bolt D. 
If the brasses are in perfect condition 
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square inches. Since the engine is a tan- 
dem, the work of both pistons is trans- 
mitted to this one pin. The area of the 
low-pressure piston is 2827 square inches. 
The receiver pressure may be as high 
as 20 pounds, and with: 13 pounds 
vacuum would be 33 pounds per square 
inch on the piston or 33 X 2827, which 
would be 93,291. The area of the 30- 
inch piston is 706 square inches, and the 
steam pressure 160 pounds per square 
inch. The total pressure for the high-pres- 
sure piston would be 160 X 706 or 112,- 
960 pounds. Add to this the total pres- 
sure of the low-pressure piston and we 
have 206,250 pounds on the crank-pin. Di- 
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and the main shaft does not move any, 
it is possible to run with only one square 
or one-sixth turn of slack on the wedge 
bolt. 


ANOTHER TYPE OF ROD-END 


Fig. 3 shows the crank-pin end of a 
connecting-rod for a 30 and 60 by 48 tan- 
dem-compound horizontal engine. This en- 
gine was built eleven years ago and at that 
time was probably considered quite the 
correct thing. As will be seen, it consists 
of a strap and brasses, two gibs and a 
key. The gibs have a round head on one 
end and the other end terminates in a 
1%-inch bolt. The crank-pin is II 
inches long and 11 inches in diameter, 
which gives a bearing surface of 121 





vide this total pressure by the bearing 
surface of the crank brass and we have 
1704 pounds per square inch of bearing 
surface. This is a little too much, for 
while this pin does not get hot, so to 
speak, yet it requires rather close watch- 
ing and runs warmer than other pins with 
their regular load. 

In regard to the strength of this type 
of end it will be seen from the sketch 
that the cross-sectional area of the two 
gibs and the key, which are subject to a 
shearing stress, would be the product of 
the thickness of the key and their com- 
bined width, which would be 2% X I2or 
27 square inches. Since the key and gibs 


are subject to shear at both ends, the to- 
tal area would be 54 square inches. The 
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total pull on the rod, due to steam pres- 
sure, would be 206,250 pounds. Divide 
this by 54 and the result is 3820, the 
shearing strain per square inch of cross- 
sectional area of the key and gibs. The 
weakest part of the strap will be the sec- 
tion through which the keyway is cut. 
This would be represented as the product 
of the thickness and the net width of 
the strap or 634 inches. The cross-sec- 
tional area of this is 26.15 square inches, 
or for both legs of the strap, 52.3 square 
inches. Dividing the total tensile strain on 
the strap, 206,250 pounds, by this area 
gives the strap a tensile strain per square 
inch cross-sectional area of 3943 pounds. 

In Fig. 1 the large bolts are in a shear- 
ing stress also. Their combined cross- 
sectional area is 38.48 square inches. The 
total pull on them is 149,655 pounds, or 
3860 pounds per square inch of cross-sec- 
tion. The weakest part of the strap in 
Fig. 1 is the section through which the 
bolts pass. The area of this section is 
therefore 3.25 X 4.5 or 14.625. In both 
legs of the strap there would be 29.24 
square inches. Since the total tensile 
strain on the strap is 149,655 pounds, this 
would mean a tensile stress of about 5100 
pounds per inch of cross-section of the 
strap. The pressure per square inch of 
the bearing surface for the crank-pin 
brasses is calculated as using the full 
projected area of the pin. This hardly 
ever happens to be the case, however, for 
the edge of each brass is usually scraped 
away for perhaps ™% inch. While 
these engines are not expected to go up 
against a heavy overload all the time, yet 
they must be designed for the maximum 
load and pressure. 





Summer Courses in the University 
of Wisconsin 





Engineering courses, laboratory prac 
tice and research work of interest to prac- 
ticing engineers, contractors, and gradu- 
ates of technical schools will be given in 
the coming summer session of the Uni- 
versity of Wisconsin, beginning June 22 
and continuing weeks. Work 
offered in the following departments: 
Chemical, electrical, hydraulic, steam and 
gas engineering, mechanical drawing and 
machine design, mechanics and testing of 
materials and shop work. 


SIX is 


In addition to the above engineering 
courses, the eighth annual session of the 
Artisans School will be held during the 
same period, in instruction of 
more elementary type will be given in the 
larger portion of subjects noted above, 
this instruction being adapted to the re- 
quirements of students who have com- 
mon-school training or practical experi- 
ence. 

Bulletins describing the courses of 
study in detail in both schools may be ob- 
tained from F. E. Turneaure, dean of the 
College of Engineering, at Madison, Wis. 


which 
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The Chief Requisites for Successful 
Gas - producer Operation 


By A. S. ATKINSON 


The change from one system of power 
production to another invariably brings 
with it a long train of irritating annoy- 
ances which for a time at least raise 
doubts as to the wisdom of the choice. 
It took engineers and manufacturers a 
long time to establish the gas engine be- 
cause the breaking down or interruption 
of a single engine would produce preju- 
dice against the engines among many 
who were contemplative purchasers. Now 
that the gas engine has become well 
established these early difficulties can be 
looked upon with a certain degree of 
complacency. 

But apparently the producer-gas plant 
is having some of the same sort of dif- 
ficulties to contend with that the ordinary 
gas engine had in its early development. 
There are sufficient data to show that the 
producer-gas plant is an important de- 
velopment in the power field and that for 
certain kinds of work it has no superior. 
Manufacturers, the economy 
and efficiency that can be obtained from 
their producers, are going ahead in a no 
uncertain way in their manufacture. 

Nevertheless, troubles come and multi- 
ply, and engineers are kept busy trying 
to make good with the plants. It is pos- 
sible that a good deal of the trouble 
comes from the fact that many of the 
manufacturers advertise their systems as 
being so automatic in operation that it 
requires the attention of one man only a 
very small part of the time, leaving him 
free meanwhile to attend to other duties. 
A great many operators have taken this 
so literally that they loaf on their jobs 
and let plants run themselves to such an 
extent that the proper not 
obtained. 

This attitude may be illustrated by the 
following confession of an old licensed 
engineer of a large steam plant: “I’m 
going to take charge of a producer-gas 
plant, for the work is simpler and easier— 
leaves plenty of time to read and rest up. 
I’ve been tied down to a steam engine 
the greater part of my life, and now I’m 
going to take it easier.” 


certain of 


results are 


This man was an expert steam engi- 
neer and had always proved a safe, reli- 
able man, but he was leaving his old job 
to try something else that “was easier.” 
His qualifications for the new duties con- 
sisted chiefly of a little reading and the 
training he had received at a night school. 
He thought he understood the operation 
of a gas-producer plant, and he did so 
long as everything worked smoothly. But 
when the first trouble came he was all at 
sea, and the plant had to be shut down 
for several days while an expert from a 
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distant city hurried to the rescue. And 
the trouble had developed owing to his 
neglect of the plant. He had taken it 
easy and his employers paid heavily for 
it. The cause of the breakdown, however, 
was attributed to the plant and not to 
the operator. 


Operators Must Have SKILL 


No producer-gas plant has yet been de- 
vised that does not depend a good deal 
more than is generally supposed upon the 
skill and intelligence of the man in charge. 
The quality of the gas generated depends 
chiefly upon the nature of the fuel, but 
it also depends largely upon the way it is 
utilized. One man will save Io per cent. 
of the fuel in a steam plant and produce 
just as much steam pressure as another 
who does not understand properly good 
firing. The difference is almost as great 
between the man who understands run- 
ning a gas producer and one who 
doesn't. 

The operator requires, first of all, 
knowledge of the whole process from the 
time the coal is put in the producer until 
the gas is exploded in the engine cylinder 
and passes through the exhaust port to 
the atmosphere. Unless he has an under- 
standing of the man in 
charge cannot prove efficient in his work. 
Then there should be that intuitive knowl- 
edge which comes from experience and 
association with an engine, and which 
enables an engineer to detect symptoms 
of troubles before they have developed 
into something dangerous. 


this process, 


It is the same 
class of knowledge which enables an en- 
gineer to know by the sound and action 
when a steam engine is working freely 
and easily or a dynamo is running 
smoothly. Added to these two qualifica- 
tions should be the ambition to get the 
most out of the plant and to keep it at 
all times up to the highest physical con- 
dition. If an experienced operator. has 
the qualifications and the desire to do 
his duty well, he will have time to attend 
to other duties at times and keep his 
plant in fine working order. 

as bad as 
For.instance, !n a large pro- 


Misdirected zeal is almost 
lack of zeal. 
ducer plant in an [astern city the lin- 
ings of the generator were ruined through 
the misdirected attendant 
who zealously poked away to dislodge 
clinkers without making much distinc- 


tion between the lining and the clinkers. 


energy of an 


The damage to the lining was so great 
that within a month after installation the 
damage had to be repaired. While it is 
essential that clinkers should be properly 
removed, and that the fire be kept burn- 
ing properly, it is not supposed that the 
engineer in charge is to poke away with- 
out some reason. Yet this is a weak 
point with many beginners. They mistake 
zeal for good work in running the pro- 
ducer. 
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Tue VAporIzER A VitAL Part 

The vaporizer is usually one vital part 
of the plant that should be immune from 
destruction or injury through carelessness 
or ignorance. Yet in the hands of a poor 
man it may come in for some pretty 
rough handling. The size, shape and de- 
sign of the vaporizer differ in different 
producers, and it is essential that the man 
in charge should understand what type is 
under his charge. In a small producer 
plant the 
shape of a pan forming the top of the 
producer, a pipe and an 
overflow pipe were connected to it. The 
steam and the necessary air were conveyed 
to the under side of the grates by means 
of pipes which passed down 
fire-brick lining; these pipes 
quently very hot, and they superheated 
the air and steam. The water for the 
supply was obtained from a_branch-ser- 
vice pipe. The successful operation of 
this whole process depended therefore 
upon the reliability of the water supply, 
or the uniformity of the pressure. To 
obviate any uncertainty as to the pressure, 
a storage tank had been put up and con- 
nected with the supply pipe, through a 
the 
tank was furnished by gravity under about 
the same pressure as that from the ser- 
vice pipe. 


where the vaporizer was in 


water-supply 


through the 
were conse- 


stop-cock. The water from storage 


Everything had apparently been done 
to prevent any accident, and there was 
no earthly reason why a mishap should 
follow. But one day the vaporizing pan 
was burnt and fractured badly through a 
sudden and somewhat prolonged reduc- 
tion in the pressure of the water supply. 
The reason was that the attendant had 
that day cut off the water from the stor- 
age tank by turning the stop-cock, and had 
left it so. 
didn’t 


His explanation was that he 

that the tank was 
of any use except when the service pipe 
was 


know storage 


out of use. He learned his lesson, 
but the owners of the plant paid rather 
heavily for his edgication. 
EXAMINATION OF FirE 
REQUISITE 


FREQUENT 


Not until it is understood that the at- 
tendant must examine his fire every half 
hour or oftener will we get the highest 
results from producers. Instruct him in 
the fallacy that his services are needed 
for re- 
will follow, 
sooner or later serious troubles will come. 


only every two or three hours 
charging, and neglect and 
There are differences in producers and 
differences in coals, and these differences 
make for trouble unless the man in charge 
knows enough to adjust things properly. 
To work economically the engine must 
have just as constant a supply of good gas 
under heavy loads as when working light. 
To obtain this the man in charge must 
know something more than simply feed- 


ing a fire and shaking it down. The 
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tnaintenance of the proper temperature 


fuel bed under all conditions 1s 
not a: simple matter for the novice; it 
requires knowledge, skill and experience. 

The chief thing for an operator to learn 
is to keep the proper depth of fuel bed, 
changing it only when the load falls off 
or increases. Now, hard-and-fast 
‘ule regarding this is almost impossible 
to formulate. The man 
set schedule of stoking 
unvarying intervals and 


in the 


any 


who follows any 
and cleaning at 
then recharging 
fuel, and he will 
frequently furnish the engine with an in- 
ferior grade of gas. 


will be very apt to waste 


No engine was yet 
designed that can adapt itself automati- 
cally to all sorts of gas quality, and if 
the quality drops there is bound to be 
irregular action of the engine. 

One of the next important fundamental 
mistakes made by unskilled operators is 
to make such a complete change in the 
recharging that the fuel bed is cooled off 
and requires a long time to get up to the 
proper temperature again. In other words 
they rake and shake down the furnace 
100 much at one time and then let down 
too much fresh coal. This chills the fire 
and has a depressing effect upon the oper- 
ation of the whole plant. Where an am- 
ple supply of fuel is carried in a storage 
reservoir above the generator, it is a 
simple matter to let down fresh coal grad- 
ually to replenish the fire without cooling 
it off. 

Cleaning the fire of clinkers and ashes 
is something that can be done with skill. 
1 in a very clumsy, costly way, as in 
the case already cited. Poking at the 
‘linkers roughly may injure the lining of 
the generator; they must be removed fre- 
quently but carefully. Some operators, by 
removing the clinkers gradually and keep- 
ing the fire burning uniformly, have rec 
irds of running a generator as long as 
700 hours without a complete cleaning. 
lhat means high plant efficiency, and suc- 
‘essful operation. But no one would un- 
lertake to say that this could be accom- 
plished by a man who was anxious to be 

ff duty for several hours at a stretch. 
It can be done only by one who is willing 
10 give to the gas producer the same tire 
less attention that an engineer of a steam 
plant gives to his machinery. To this ex- 
tent at least the two are alike; they re- 
juire careful, skilled attention and 
areless and sporadic effort. 


not 





On Sunday, April 26, a delegation from 
of the N. 
\. S. E., pleasantly surprised one of their 
umber, Fred L. Johnson, by calling un- 
xpectedly at his home in Lynn, Mass., 
nd presenting him a handsome badge 
vmbolical of his office as past president 
f the State Mr. Johnson, 
ho is a Power’s editorial 


\lassachusetts Association 15, 


association. 
member of 


taff, had run home for a week-end visit, 
and his friends took advantage of it. 
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Daily Routine in an Ice Plant 


By WittiaAm S. LUCKENBACH 
AND TEMPERATURE OF 
AMMONIA 


Purity Liguip 


The pipes conveying the liquid am- 
monia and poor liquor to the expansion- 


valve and absorber, respectively, should be 





TABLE I. PROPERTIES OF SALT 
SOLUTIONS. 

1 - 3 4 5 6 7 
ss'is.1/&. ¢| ¢ 
ea OU go = = 
NS i to Do = £ 
gu, 83) 0% € | & 
elie 1 adel ir 
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1.0 | 0.084 4 8.40) 1.097 0.992) 4 30.5 

2.0 | 0.109 8 8.40) 1.015 0.992) + 29.3 

2.5 | 0.212 10 8.50) 1.019 0.992) 4 28.6 

3.0 | 0.256 12 | 8.53} 1.023 0.992)+ 27.: 

3.5 | 0.300 14 8.56/ 1.026 0.992|)+ 27.1 

1.0 | 0.344 16 8.59) 1.030 0.992) + 26.6 

5.0 | 0.433 20 | 8.65) 1.037 0.960)+ 25.2 

6.0 | 0.523 24 8.72) 1.045 |0.960|+ 23.9 

7.0 | 0.617 28 | 8.78) 1.053 |0.960)+ 22.5 

8.0 | 0.708 32. 8.85) 1.061 0.960 + 21.2 

9.0 | 0.802 36 | 8.91) 1.068 0.960) + 19.9 

10.0 | 0.897 40 8.97) 1.076 0.892|\+ 18.7 
12.0 | 1.092 48 | 9.10) 1.091 0.892) + 16.0 
15.0 | 1.389 60 | 9.26! 1.115 |0.855|+ 12.2 
17.5 1.653 70 | 9.45) 1.130 |0.855/+ 9.0 
20.0 | 1.928 80 | 9.64 1.155 0.829 6.1 
21.0 | 2.087 85 | 9.70, 1.163 0.829\+ 5.0 
24.0 | 2.376 96 | 9.90 1.187 0.829 1.2 
25.0 | 2.488 | 100 9.97, 1.196 |0.787 0.5 
26.0 | 2.610 | 100 10.04 1.204 0.787 — 1.1 


the coolest part of the build- 
in- 


run through 
damaging effect of 
crease of temperature has been fully ex- 


ing, as the an 
plained on page 1010 of the November 1 
number of The Engineer. 
tance of testing at stated times near the 


The impor 


expansion-valve has also been explained 
page 1009 the 
well as the regulation of the expansion- 


on of same number, as 
valve in order to get the limit of the ab 
sorption of heat from the brine by the 
expanded gas. We therefore come next 
to the freezing tank or bath. 


FREEZING TANK 

The density of the brine should not be 
less than &5 degrees by the salinometer ; 
this brings the freezing point of the brine 
about 5 degrees above zero, which is low 
for ice making. Whenever the 
additional salt. 
few cans in different parts of the bath, 
fasten a strong sack over the opening, fill 
it and let the salt dissolve, and the ordi- 
nary circulation will strengthen the liquor 
throughout the tank; otherwise, by sim- 
ply distributing the salt in various parts 
of the bath, much of it will sink to the 
bottom and be of little value. 


enough 


brine needs take out a 


3RINE CALCULATIONS 


of 
given strength can be easily figured from 


The amount salt required for a 


the accompanying Table 1; as for instance 





“J 
owe 
Jt 





where common salt is used and the dens- 


ity measures &5 degrees on the salinometer 
with the brine at 60 degrees Fahrenheit, 
the brine will then weigh 9.70 pounds per 
gallon, and the amount of salt per gallon 
of solution would be 2.037 pounds or 21 
per cent., and the freezing point of the 
brine would be 5 above zero. 
Now suppose the density of the brine in- 
dicates 70 instead of 85 degrees, and the 
freezing 


degrees 


point correspondingly higher, 
viz., 9 degrees above zero; by reference 
to the table we find that the brine at 7o, 
by the salinometer, weighs 9.45 pounds per 
gallon; the salt held in solution is 1.6053 
pounds or 17.5 per cent., and the amount 
of salt required to increase it to 85 would 
be the difference between 2.037 and 1.653, 
which would be 0.384 pound to be added 
to each gallon of brine in the tank. 
Suppose you had a 30-ton bath with, say, 
seven hundred and fifty-six 200-pound 
cans, the bath being 20.5 feet wide, 77.5 
feet long and 2.66 feet deep. 
would be 78.5 2.66 4280 cubic 
feet; now deduct the cubical contents of 
the cans and the balance will be the amount 
of brine in the tank. 


The contents 


20.5 


As each can occu- 
pies 3.85 cubic feet, the following would 
be the answer: 3.85 2911 cubic 
2911 1339 cubic feet or 
10,015 gallons, and the additional salt re 
quired would be 10,015 


750 
feet; 4250 
0.384 3845 
pounds. 

By referring to the chloride of calcium 
Table 2, 


a 5-degree above freezing point solution, 


it will be seen that to produce 


as mentioned above, the amount in weight 


is about 3 per cent. less than salt. It is, 


TABLE II. 
OF 


PROPERTIES 
CALCIUM 


OF CHLORIDE 
SOLUTIONS. 
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0.5 12 3 3.75\1.0241 | 29 
5 1.0 27 | 6 7.501.045 7 
7 1.25 36 gy 8.501 067 | ” 
9 1.50 40; 10] 11.25)1.076] ; 23 
10 1.75 44 11 13.00,1.085) + 21 
12 2.00 52 13 | 15.00)1.103}+ 18 
14 2.25 62 15 | 17.00)1.116}4 14 
18 2.50 | 80 20 | 19.00)1.159]+ 4 
20 3.00 88] 22 | 22.50/1.179|— 1.5 
22 3.50 95 | 24 | 26.001.199|— 8 
24 4.00 | 104 | 26 | 30.001 219|—17 
26 4.50 112 | 28 | 34.00 1.240|—27 
28 5.00 120 30 | 37.501. 261 39 
however, asserted by competent authority 


that there is no special advantage down to 
The method of determining the 
amount required to supply deficiencies is 
similar to that described for salt. 

The above tables, and others of similar 
character, should be kept handy at all 
times, and it would be well for the man 
in charge to occasionally figure out an 
imaginary loss, as it gives one consider- 
able prestige to be able to 


zero. 


inform his 
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employer, almost to a pound, the amount 
of aqua ammonia, chloride of calcium or 
salt required for any given case. 


New BrINE 


In making new brine it is essential that 
it be of the proper strength, and also that 
undissolved salt be prevented from pass- 
ing into the tank. The accompanying il- 
lustration shows a brine maker that has 
been found very satisfactory; AA is a 
false bottom 3 inches above the real bot- 
tom of the barrel, perforated with %- 
inch holes; over this bottom lay fine brass 
gauze, similar to that used in charcoal 
filters; B is the water inlet, 34 inch in 
size;*C is the outlet, %4 inch larger than 
the inlet; D is a shelf inclosed on each 
side; DE is a fine gauze screen inclosing 


the front of the shelf, the space F being 


filled with sponge. 

Now fill the barrel with salt and keep 
it full; the water, of course, must enter 
with pressure enough to percolate through 
the salt. The amount of water coming in 
at B can be regulated to get any degree 
ef brine strength desired. The outlet C 
has a hose attached leading to the brine 
tank. 


PuLLINnG Ice 


In pulling ice, do not pull more than 
the stipulated number of cans per hour if 
it is possible to avoid it, because, if the 
cans are filled much faster than usual, 
the water will be warmer; and if they 
are not filled, the brine will be that much 
lower in the tank, and, in either case, will 
have a tendency to decrease capacity. 

The brine circulation should be just 
enough to insure a uniform temperature 
throughout the tank; any more is a loss. 
Let the cans drain well after being lifted 
out of the tank, thus not only avoiding 
wet and sloppy bath lids, but the possibil- 
ity of some of this filth dropping into the 
distilled water, making eiiher a bad butt 
or a red core, or both; all this can be 
avoided without encroaching on the oper- 
ator’s time by simply allowing the cans to 
drain while he is either taking off or 
replacing the bath lids, and it will also 
make it far more comfortable for him by 
reason of things being more tidy. After 
the ice is dumped, the cans must be turned 
bottom up so as to drain inside; neglect 
of doing this generally results in bad 
butts. 

Presuming that there is an air-lift, it 
is well to have either a hand-hoist to at- 
tach to the trolley, or an ice truck in case 
of an accident. The warm water used in 
the thawing-out tub or thawing-ice dump, 
should be waste cooling water from some 
source that requires no live steam, as that 
would be a loss; it is, however, advisable 
to have a live-steam connection, as occa- 
sions may arise where it will be required. 


DISTILLED WATER 
The tank men sometimes report to the 
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engineer that there is a shortage of wa- 
ter; this is frequently due to the fact that 
they fail to start pulling when the water 
is seen at the overflow, because it happens 
to flow before the hour, thus actually 
wasting it; the remedy is plain. It is 
also sometimes due to maliciously tamper- 
ing with the regulating valve between 
the distilled-water tank and the genera- 
tor, in order to worry the engineer. There 
are two ways to remedy this, one is to 
discharge the man if he can be traced; 
another is to lock the regulating valve. 
However, should there be a continual 
shortage, a small condensing coil may be 
necessary, or if the pipe conveying the 
condensed steam from the generator to 
the distilled-water tank is so located that 
it can be sprinkled, this may be sufficient. 
Some recommend increasing the speed 
of the ammonia pump, thereby getting 
cooler aqua ammonia in the still; this 
will answer, providing it is simply to 
bridge over an unusual shortage, but it is 
poor policy to continue the practice, as it 














:— 
ARRANGEMENT OF BARREL FOR MAKING 
BRINE 





requires additional steam for the increased 
speed of the pump. 


GENERAL REMARKS 

This daily routine, which has been cov- 
ered in this and previous articles, which 
have appeared chiefly in The Engineer, may 
be interrupted by unforeseen causes, but 
should be gone over at least once during 
every watch; and the writer would add 
that there is nothing more helpful to the 
observing and conscientious engineer than 
an automatic poor-liquor regulating valve 
and a first-class governor on the ammo- 
nia pump, because he can then absent 
himself from the engine room for some 
time, investigating or improving matters 
without endangering the capacity of the 
machine; hence the expense of installing 
these adjuncts is fully warranted either 
by the increased production or decreased 
expenses, or both, that would be sure to 
follow the investigations of a thoughtful 
engineer. 


May 12, 1908. 


Advantages of Electric Drive for 
Industrial Establishments 


By Norman G. MEADE 





There are many advantages that are 
common to all industries, such as eco- 
nomical operation by reason of increased 
production, cleanliness, etc. In addition 
to the general advantages, there are spe- 
cific advantages derivable from the use of 
motor-driven machinery in several indus- 
tries, cement mills furnishing an excellent 
example. 


In Cement Mitts 


Commercially, the manufacture of port- 
land cement has many features differing 
from those of any other industry. The 
raw material is found in many parts of 
this country and its cost is low, as well 
as the expense of delivering it ready for 
the manufacturing process. The price of 
the finished cement is, therefore, largely 
determined by the cost of the different 
operations through which the raw ma- 
terial passes. It is apparent that the most 
prosperous companies must be those 
which have adopted the most economical 
means of operating the various machines 
used in the manufacture of cement. The 
general advantages of individual motor 
drive and certain inherent requirements 
in the manufacture of cement have led to 
the adoption of electric motors for this 
class of work. 

In general, the lay-out of the plant, to 
be most economical, should be deter- 
mined solely by the relative location of 
the quarries, the storage bins, the best 
available place for the machinery and the 
space available for future growth. The 
direction and distance of the power trans- 
mission should not interfere with the 
most efficient lay-out. 

Most of the machines used in cement 
manufacture start under heavy overload, 
and some are liable to short overloads 
during operation. The driving unit must 
be designed to give the best efficiency at 
the load required in normal operation, 
and yet have a large margin of overload 
capacity which can be drawn on when 
starting or when necessary. 

The location of the power house need 
not be considered when laying out the 
plant. In case water power is available 
at some distance from the mill, the gener- 
ating station may be located at the source 
of power and the electric power trans- 
mitted at high efficiency to the cement 
plant. No line-shafts need be considered 
in designing the mill and the machines 
may be located most convenient to the 
feed or discharge. 


Evectric Drive For WoopworKING SHOPS 


Carpenter and woodworking shops are 
also excellent examples of the adapta- 
bility of electric drive. The inflammable 
nature of the material handled, the widely 
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fluctuating power demands and the severe 
operating conditions of the woodworking 
machinery require a power that will re- 
duce the fire risk to a minimum, that is 
rigid and will care for the varying loads 
without material variations of speed. 

Another consideration is the free hand- 
ling of material. When a woodworking 
shop is mechanically driven the multi- 
plicity of belts limits the head-room and 
interferes with the rapid handling of 
lumber. Where motor drive is used the 
flexible element of belting is eliminated 
and each machine can be worked to its 
maximum capacity without irregularities 
incident to belts. The constant speed in- 
creases the amount of work that a ma- 
chine will perform, thereby increasing the 
economy of operation. The absence of 
belts permits the more rapid handling of 
material and prevents the accumulation of 
grease and dirt, thereby reducing the fire 
risk, as there is generally a large amount 
of inflammable refuse in shops of this 
kind. 


MACHINE-TOOL OPERATION 


The operation of machine tools is one 
of the best known and most widely 
adapted applications of electric drive, and 
no class of manufacturing establishment 
exemplifies its advantages more than rail- 
road shops. The large work handled 
necessitates extensive buildings and the 
use of great lengths of shafting and belt- 
ing, if power is transmitted mechanically 
from a central source. Rush repair jobs 
are frequent and require a large amount 
of Sunday and overtime work, when the 
power requirements are small, as_ but 
sufficient machinery is operated to com- 
plete the particular work in hand. Me- 
chanical transmission of power under such 
circumstances is wasteful in the extreme, 
owing to the surplus power required to 
overcome the friction of shafting and 
belting throughout the shops. Where 
electric drive is used—either individual 
or group—a° flexibility is obtained that 
cannot be secured by any other means, as 
it permits the use of a few machines in- 
dependently, obviating the objectionable 
features enumerated and permitting opera- 
tion with a minimum power house capa- 
city, thereby effecting a considerable sav- 
ing in fuel. 

There are many other considerations in 
connection with power transmission, one 
of the most important being the lay-out 
of the plant, which is especially important 
in a railroad shop, as it is generally made 
up of a number of separate buildings 
aside from the main machine and erecting 
shop, such as the boiler shop, tank shop, 
blacksmith shop, pipe shop, etc., which are 
necessarily scattered, widely distributing 
the power requirements and necessitating 
the use of a number of prime movers. 
When engines are used, steam is either 
supplied from a central boiler plant, or by 
individual boilers forming a combination 
unit with the engine. The former ar- 
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rangement is exceedingly poor from an 
economical standpoint, owing to the low 
efficiency resulting from the usual ex- 
cessive condensation which takes place in 
long lengths of steam pipe. Either method 
involves the expense of skilled attendants, 
which amounts to considerable annually. 
These conditions are, however, rapidly 
changing; electric motors are superseding 
steam equipments and have many times 
proved that they fulfil all requirements— 
reducing operating expenses, requiring a 
very small amount of attention, providing 
power that is perfectly reliable and reduc- 
ing time of starting, stopping and chang- 
ing speed to a minimum. 


IN THE TEXTILE INDUSTRY 


In ‘the textile industry the two para- 
mount advantages of electric drive are 
cleanliness and uniform speed. By rea- 
son of the constant loom speed there is 
considerably less breakage of threads, 
which reduces the time the looms gener- 
ally stand idle to enable the operative to 
tie the broken ends. In silk mills clean- 
liness is the greatest feature, and on this 
ground alone electric drive has been many 
times adopted. When mechanical trans- 
mission of power is used, small particles 
of dirt are frequently thrown onto the 
fabric, causing a grease spot which neces- 
sitates cutting out a portion of the ma- 
terial so that the balance has to be sold 
for remnants. 


In Paper MILLs 


In paper mills where constancy of speed 
is an essential requisite, motor drive will 
be found to be of great service as a means 
of increasing production, due to its uni- 
form speed under constant or varying 
loads. This is partially accomplished by 
an elimination process whereby the flexi- 
ble members of a transmission system are 
omitted. It will at once be apparent that 
a device as flexible as a belt must have a 
tendency to slip, that is, to tighten or 
loosen with changes of load. This intro- 
duces certain irregular fluctuations which, 
if avoided, ihsures an increase of output. 
With motor drive arranged on the group 
system, where machines 
grouped together, the main engine belt 
and several auxiliary belts are omitted, 
and if it-is desired to direct-connect or 
gear the motors to the individual ma- 


several are 


chine, this slip is entirely avoided. 

The electrically driven mill is capable of 
indefinite extensions without provision 
being made for it in the original instal- 
lation. With electric drive it is not neces- 
sary to confine the entire plant to one 
building; future extensions may be made 
in any direction most convenient for the 
reason that ordinary distances do not 
affect the transmission of power to any 
appreciable extent. 

In mills where steam power is used, the 
conditions 
those found in railroad shops, that is, it 


encountered are similar to 
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is necessary to employ a number of en- 
gines, owing to the scattered location of° 
the buildings, resulting in 
poor economy. 

The argument has been advanced by 
some manufacturers that as steam is re- 
quired for the paper machines, exhaust 
steam from the engines can be used, 
thereby adding to the efficiency of the 
plant. A little reflection will show that 
this is not entirely true, as exhaust steam 
is partially condensed and contains a con- 
siderable amount of water which is liable 
to cause uneven heating of the rolls, with 
detrimental effect on the product. It will, 
therefore, be found more economical to 
use dry steam at a low pressure, which is 


exceedingly 


necessary where electric drive is used. 
Another feature of electric drive in 
paper mills is the ease with which differ- 
ent speeds can be obtained for the ma- 
chines that operate at variable speeds. It 
has been the practice in the past to use 
mechanical speed-changing devices and 
throttle the engine that operated the dry- 
ing end of paper machines. Either method 
is Objectionable by reason of poor effici- 
ency. By use of electric motors of the 
variable-speed type a wide range of 
speed is always available, and each speed 
is uniform for light or heavy loads and is 
definite for each notch of the controller. 


For Contractors’ Use 
Another field for electric drive that is 
coming rapidly to the front is the opera- 
tion of appliances for and 
builders’ use, such as portable drills, saws, 
hoists, floor 
polishers, floor planers, concrete presses, 


contractors’ 


elevators, stone dressers, 
concrete mixers, stone crushers, excava- 
The principal ad- 
vantages of motor drive for the use of 
contractors that the 
driven appliances can be operated by ordi- 
nary labor and 
buildings. 
they require the services of a licensed 


tors, pile drivers, ete. 


are various motor- 


can be located inside 


When steam engines are used 


engineer and have to be located outside 
of the building in course of construction. 


Another feature of motor-driven appli- 
ances is their portability and reduced 
weight. 

The exhibition committee reports that 


nearly all of the available exhibition space 
at the approaching convention of the Na- 
ticnal Electric Light Association, at Chi- 
Contracts for the 
construction of booths and wiring 
have been The scheme 
decided upon is a combination of a pecu- 
liar shade of dark green and white, con- 
taining a tinge of green. The lettering of 
the sign board will be in gold or alum- 


cago, has been taken. 
the 


awarded. color 


inum. 





There is a movement on foot, fostered 
by the American Peat Society, to secure 
from Congress an appropriation of $25,000 
for a peat-testing plant, to be under the 
direction of the Geological Survey. 
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WE PAY FOR USEFUL 


The Practical Side of Turbine 
Operation 





I’. L. Johnson’s excellent articles on 
the operation of the Curtis turbine sug- 
gest some comparison from a practical 
standpoint, of the operation of both the 
Curtis and Parsons types as installed in 
our station. These units operate with 
good results in parallel with each other 
and with cross-compound Corliss engines. 
‘Taking the Parsons type first, it must not 
be regarded as an emergency machine, 
starting from the cold, as a considerable 
time is needed for warming it up. 

First, start the auxiliary-bearing oil 
pump, the main-bearing oil pump being 
usually driven by gearing from the tur- 
bine shaft, then the relay oil pump, which 
«perates the main inlet-valve by means of 
a pilot-valve. Crack the throttle until 
steam issues from the glands and the at- 
mospheric exhaust and allow it to blow 
through the turbine for about Io minutes. 
Shut off the steam and allow the heat ac- 
quired by the spindle and casing to equal- 
ize through the metal, allowing about Io 
minutes for this. The turbine may then 
be turned over slowly, gradually increas- 
ing the speed until it is up to about three- 
quarter speed, when the condenser can be 
put on and the machine brought up to 
speed and be ready to carry the load. The 
inlet pressure should be reduced below the 
atmosphere when the condenser is put 
on, or the machine will come up too fast. 
As the exhaust from the large turbines is 
usually connected directly to the condenser 
without any cut-off valve, a point arises 
that must be considered. 

The turbine should be warmed up with 
steam exhausting to the atmosphere, be- 
cause if exhausting into a vacuum the 
temperature would be too low to properly 
warm it. As there is no means of pre- 
venting steam from entering the con- 
denser, the type m use will determine the 
procedure. If a surface condenser, the 
circulating water must be obtained before 
any steam is turned on the turbine, oth- 
erwise there will be trouble with tubes 
and packing, through strains set up by 
overheating. The dry air pump should 
not be started until ready to put the ma- 
chine on the condenser, but a drip should 
be left open, or the hot-well pump run 
slowly, to free the condenser of condensa- 
tion. If a barometric or jet type of con- 
denser is used, water need not be obtained 


until ready to put the machine on the 
condenser. 

Forty to 50 minutes is a conservative 
Parsons ma- 
chine of large size on load from a cold 
start. Owing to the long spindle and 
casing and the fine clearance between the 
moving and stationary elements, unequal 
expansion due to insufficient period for 
warming is bound to cause trouble, show- 
ing in excessive vibration and even ac- 
tual contact between the moving and sta- 
tionary elements, throwing a heavy strain 
on the bearings and causing them to heat. 


time allowance for getting a 


This time allowance may be cut in half 
in an emergency, but the machine will in- 
variably show its distress by excessive vi 
bration, and it is our custom to turn to an 
engine-driven unit in emergency cases, as 
the latter can be brought up quickly with- 
out distress or damage, although, of course, 
The 


attention needed to keep the Parsons type 


it is not good practice to do so. 


in good operative condition lies mainly in 
seeing that all strainers in the oil lines are 
kept clean, collector rings and_ brushes 
clean and well fitted, etc. It is necessary 
tc. apply a small amount of good oil to 
the collector rings while running to pre- 
vent cutting; use a clean oily rag for this 
purpose. The clearance of the dummy 
pistons does not need much attention, as 
once properly adjusted it is not necessary 
to disturb them. If it is desired to make 
sure of adjustment, the machine 
should be turned over slowly and the 
thrust-block moved 


the 


forward until contact 
is felt; this is plainly evident by placing 
a stick or metal rod against the dummy 
casing and the other end to the ear. The 
thrust-block should then be moved back 
to give the desired clearance, which should 
be fine and is indicated by the adjusting 
screw. 

If it is desired to remove the casing 
or spindle for any purpose, the guide-pil 
lars furnished with the machine must be 
used and care taken that the parts are 
raised in a level position so that the blad- 
ing or dummies are not bent by striking 
the stationary parts. 

In comparing the Curtis type with the 
Parsons, the former is a better emergency 
unit, as owing to the vertical position of 
the moving elements and the greater clear- 
ances between the moving and stationary 
parts, it can be brought up from a cold 
start in a comparatively short time. 

But owing to the various auxiliaries 
necessary to be started, I think that most 


, repeat 


IDEAS 


engineers will agree that an engine-driven 
unit is the one to turn to in an emergency 
where seconds count. 

The Curtis type requires a very high 
vacuum to secure its best efficiency. If 
the vacuum falls below 28 inches the tur- 
bine drops seriously in efficiency, and at 
24 to 25 inches it is very poor. The 
Parsons type does not appear to suffer 
as much loss in efficiency with lower 
vacuum, although a high vacuum is pre- 
ferable with both types. This is a point 
to be considered when difficulty is had 
in securing condensing water. 

The the Curtis will 
give little trouble if proper facilities are 
provided for maintaining the oil or water 
pressure on it. 


step-bearing on 


In case of failure of pres- 
sure permitting contact of bearing blocks, 
it will be found when the pump is started 
again that normal pressure cannot be ob- 
tained. It is not necessary to put in new 
bearing blocks in this case, unless it is 
known they are badly worn from previous 
contacts. They can be ground in without 
from the machine. The oil 
pump should be started and the throttle 
on the turbine opened until the machine 
is within about 20 


removing 


per cent. of normal 
It will, of course, start hard, but 
only needs a little extra steam, unless the 
blocks are frozen. 


speed. 


In that case they must 
he replaced by new blocks. After the tur- 
bine is turning at the desired speed, inter- 
rupt the oil pressure for 10 or 15 seconds 
and cut it on again for about one minute; 
this until the pressure 
comes up to normal and the turbine turns 
easily, keeping the proper 
means of 
screw under the step. 


process 


clearances 
meanwhile by the adjusting 

The carbon packing rings on the seals 
will need some attention after a time on 
account of wear. If badly worn, the up- 
per seal will not hold steam enough to 
prevent leakage of air, and the lower rings, 
if worn, will admit water into the oiling 
system. 

Both their firm 
advocates, according to individual opinion. 
The Parsons type needs greater care and 
judgment in its operation, but is easy of 
access for repairs or examination, while 
the Curtis type is less liable to damage 
by rough treatment, but is far more in- 
accessible for repairs, owing to the gen- 
erator being mounted above the turbine 
and the necessity for removing this be- 
fore the turbine elements can be reached. 
However, as most repairs consist of re- 


types of turbine have 
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newing guide - bearings, packing - rings, 
step-bearing, governor parts, etc., these 
parts are made easy of access. 
F. M. VANDERVEER. 
New Rochelle, N. Y. 





Finding the’ Average Pressure from 
Round-pattern Pressure-Re- 
cording Gage Chafts 





In an article under the above title in 
the March 3 number, A. V. Youens de- 
an interesting method of deter- 
the average value of the varying 


scribes 
nuning 
pressures recorded on _ round-pattern 
When, however, there are several 
charts to be averaged each day, the curves 


charts. 


shown in Fig. 1 will prove valuable, as 
by them the desired results can be read 
off directly without any calculation. The 
operation does not require more than two 
minutes per chart, and is so easy that it 
The 
average as found can be written neatly 
in the center of the chart, and will often 
show interesting variations from day to 
that would not be noticed ordinarily 


can be turned over to the office boy. 


3 


day 
by a casual inspection of the chart itself. 

It is necessary to lay off a separate 
curve for each kind of chart. The areas 
are plotted as abscissas and the corre- 
sponding average values as ordinates. In 
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area as found by the planimeter is 25.7 
Referring to Chart 1, find 
25.7. on the 
vertical line to the intersection with the 


square inches. 
the horizontal scale, follow 
curve, and read 139 on the vertical scale. 
This is the average pressure carried drr- 
ing the twenty-four hours. 





FIG. 1. PRESSURE CHART FOR 24-HOUR RUN 


It may be that the planimeter at hard 


reads only to 10 square inches, not havirg 
the additional disk on which larger arens 
can be read off directly. In such a case, 
however, it is only necessary to add ten, 
twenty, or thirty, as the case may be, to 
the Thus, in 


above example, the actual planimeter read- 


planimeter reading. the 
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FIG. 2. 


rder to save space the several curves are 
shown on one sheet, but in practice it is 
idvisable to plot each curve on a single 
sheet of standard cross-section paper and 
to use as large a scale as convenient. 

As an explanatory example take the 
Jaily steam chart shown in Fig. 2. The 





CHART FOR FINDING AVERAGE PRESSURES 


AND TEMPERATURES 


ing was 5.7. lhe steam lie follows an 
approximate circle, 6 inches in diameter, 
the area of which is 28.27 so that we know 
the true planimeter reading can be found 
by adding twenty to the actual reading. 
C. A. Hoppin. 


Peoria, JIl. 





Scale in Boilers 


Regarding the letter of “W. E. D.,” as 
to scale in boilers, appearing in the March 
16 number of The Engineer, I most as- 
suredly would use the compound in them. 
From the condition of the new boilers it 
the old 
must be incrusted very badly. Remove 
the scale by all means. The boilers will 
leak, but with the scale removed the boiler 
makers can do a job that will last. If 
you find the flue sheet worn out and the 


can be clearly seen that ones 


flues weak from constant expanding, get 
some Smooth-On cement and apply ac 
cording to directions and your troubles 
will be over. This is no experiment, as 
tried it, and find it does all the 
company claims for it. 


I have 


P. G. Jones. 
Havelock, Neb. 





Trouble with Condensation in the 
Exhaust Line 


On page 505 of the March 31 number, 
IX. S. Harrar relates his experience with a 
broken exhaust-pipe and asks for opin- 
ions as to the the rup 
ture was caused by water-hammer. We 
have a cross-compound engine exhaust- 
ing ito a 


cause. I think 


siphon-condenser, and when 
the load becomes light there will be wa- 
ter-hammer in the exhaust-pipe at inter 
vals, increasing in violence until the wa- 
ter is carried up the vertical pipe to the 
condenser, about 20 feet, where it strikes 
the atmospheric raising it 


fall 


relief-valve, 


from its seat, then allowing it to 
back with a slam. 
\s the water-hammer grows more vio- 


lent, the vacuum falls to 15 or 20 inches; 


but after the water has been carried to 
the condenser, the vacuum will raise to 
normal again. ‘There is a closed feed 
water heater in the exhaust line, and 


the only way I can account for the ex- 
cess of water with a light load is that 
all the exhaust is condensed by the heater, 
and there is no current of steam to carry 
the water of condensation to the con- 
denser, so that it accumulates for a time 
and then rushes along the pipe. 

When full load, there is a 


sufficient current of steam along the ex- 


carrying 


haust-pipe to carry the water with it as 
fast as condensed, so there is no trouble 
until the load hecomes light 

There is a drip-pipe from the heater to 
a trap, but this is closed when running 
condensing. A vacuum trap should take 
care of the water, but as yet we have 
never tried one. 

Mr. would work all 
right if attended to at the proper time, 
but I think a trap would be more reliable. 


W. O. PERKINS. 


Harrar’s method 


Bristol, Conn. 
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Low Water as a Cause of Boiler 
Explosions 





It is hardly right to let such an article 
as that on “Low Water as a Cause of 
Boiler Explosions,” in the March 17 num- 
ber, go uncorrected. The second para- 
graph should read: “According to the 
steam tables, each pound of water at this 
pressure and temperature (331 degrees 
Fahrenheit) contains 1183 B.t.u. The 8300 
pounds of water would therefore repre- 
sent 9,818,900 B.t.u.” Subtracting from 
this 1,494,000 B.t.u. (not 1,474,000, as 
stated), we have 8,324,900 B.t.u., which is 
ample to evaporate the water. 

Grorce W. Swett. 

Cambridge, Mass. 





Overtime for Engineers 
In the February 15 number of The 
Engineer, on page 250, “G. W. P.” asks 
if it is customary for engineers of power 
plants to receive pay for overtime over 
twelve hours a day. As far as my ex- 
perience goes it is not. I have, however, 





Piston raised 











made a practice of paying my assistants 
overtime if I had to work them. 
JoHN Sxort. 
Crichton, Ala. 





Regarding the question of whether it is 
customary for engineers of power plants 
to receive pay for overtime over twelve 
hours a day, will say that there is hardly 
any need of putting in overtime over 
twelve hours, for in large plants engi- 
meers are usually needed twenty-four 
hours a day, there being two shifts, so of 
course no overtime; and even if a man 
would stay over his hours, he would not 
be apt to get any pay for it. Then it is 
very often the case that engineers and 
other power-plant employees are on a 
monthly pay rate. In such a case you 
can work all the overtime you want to 
and you will have the experience but no 
more cash in your pay envelop. Then, 
of course, it sometimes happens at a plant 
where there is but one engineer that he 
must work more than his regular hours 
and claims his pay for it if he is on an 
hourly pay rate; but such a case is not 
very often heard of. 

R. S. Waite. 


Milwaukee, Wis. 


SHOWING THE EFFECT OF LOW CROSSHEAD 


POWER AND THE ENGINEER. 
What Causes the Pound ? 








Replying to the inquiry by “R. S.,” on 
page 181 of the March number on “What 
Causes the Pound?” I will say that I think 
the cause lies in the crosshead being too 
low, and this in turn brings the piston out 
of line, with the result that when the pis- 
ton reaches the crank end of the cylinder, 
it is raised, and on reaching the head end 
it drops, as shown in the figure. The 
reason the pound disappears when screw- 
ing up on the stuffing-box gland is be- 
cause this makes a tighter fit between the 
packing and piston-rod, preventing the 
crosshead from lifting the piston as high 
as when the packing is loose. When the 
packing wears down, the pound will ap- 
pear. 

Some years ago there appeared a pound 
in my engine cylinder, which is of the 
Corliss type. I tried every means usual 
in such cases, examining piston and cylin- 
der, tightening and loosening the crank 
and crosshead bearings, but to no avail. 
The puzzling part of it was when the en- 
gine lubricator fed oil to the cylinder as 
fast as was possible, the pound would 
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stop; but as soon as the regular amount 


_was fed, the pound would return. 


As a last resort I examined the piston 
and cylinder again, when I noticed that 
the edges on the piston-rings were very 
sharp, due to wear; and my idea was this 
sharp edge was scraping the oil from the 
cylinder walls. The edges were filed off 
a little and since doing this I have had 
no more trouble. It is not uncommon 
to find a pound in an engine a long way 
from where it appears to be. 

H. JAHNKE. 

Milwaukee, Wis. 





Dampers on Sawmill Boilers 





In regard to placing dampers in the 
stacks of sawmill boilers, will say that 
on taking charge of my first sawmill 
plant, I at once put dampers in the stacks. 
The result was not what I expected. 

There were eight 72-inch by 18-foot 
boilers, and only once in the day were 
the dampers needed; that was after 6:00 
p. m., to prevent the boilers from blow- 
ing off steam. ‘ 

I have had experience in ‘several saw- 
mills since, and have always put in a 
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blower instead of a damper, as there are 
times when this can be used to advantage. 
W. M. Rosertson. 
Loring, La. 





Time Required to Empty Tank 


In reply to Mr. Schuring’s query in the 
February 15 number of The Engineer, as 
to the means of finding the time of out- 
flow of water from an open cylindrical 
tank, would suggest that he proceed as 
follows: 

Use the formula, 






































































Water Me 
N 
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| ee =a 
| —- —_. > —___—. EE —_ 
Orifice 
LOCATION OF ORIFICE IN TANK 
_ ~F" ze 
- i FY 2920 
2 times volume of vessel 
initial rate of discharge ~ 
Where < 0 = hight of cylindrical tank; 


F =} area of orifice in bottom of tank; 
F’=area of bottom of tank+ FF; u= 
0.64. 

This will give the time in seconds neces- 
sary to empty the tank with conditions as 
shown in the sketch. 





G. W. BoxN. 
W. Lafayette, Ind. 
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Engine Clearance from Diagrams 





The method of finding the clearance of 
an engine from the indicator diagrams, as 
outlined by H. Nederburgh in the March 
Io mumber, would be perfect in its ac- 
curacy if the expansion line were a true 
equilateral hyperbola. For, according to 
the law for that curve, the product of the 
pressure and volume at all points is con- 
stant. Consequently, if steam expanded 
according to this law, a decrease of pres- 
sure of one-half the initial, absolute, would 











FIG. I. 


EFFECT OF INTERCHANGE OF HEAT 
ON DIAGRAM 


be accompanied by a doubling of the 
volume. 

Unfortunately for the ease and sim- 
plicity of calculations, steam in expand- 
ing in an engine cylinder does not follow 
the equilateral hyperbola, and the amount 
by which the actual expansion curve de- 
viates from the hyperbolic curve is de- 
pendent on the speed of the engine, the 
ratio of cylinder diameter to stroke, the 
quality of the steam, and the tightness of 
piston and valves. Any one of these fac- 
tors may cause the true expansion curve 
to be quite different from the equilateral 
hyperbola, and when all are combined it 
is evident that the departure may be very 
great. 

Mr. Nederburgh is aware of the disturb- 
ing effect of the heat exchange between 
the steam and the cylinder, as indicated 
by his concluding question. While live 
steam is being admitted to the cylinder, 
heat is being imparted to the cylinder- 
head and walls, which had previously 
been at the temperature of the exhaust. 
In the case of saturated steam this loss 
of heat to the walls causes a definite 
amount of condensation. After cut-off, 
when expansion proceeds and the pressure 
and temperature of the steam fall, a 
point must be reached at which the walls 
will have a temperature higher than that 
of the expanding steam. When this oc- 
curs, the heat exchange is reversed in di- 
rection, and the walls give up heat to the 
steam for the remainder of the expansion 
stroke. As a result, the moisture due to 
the earlier condensation is re-evaporated 
to a greater or less extent. 

The effect of this heat interchange is 
shown graphically in Fig. 1. The solid 


outline represents the indicator diagram 
and the dotted line A B an equilateral 
hyperbola passing through the point of 
cut-off, 


It will be observed that during 








tion 
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the earlier part of the expansion, or from 
A to D, the true expansion curve falls 
below the hyperbola, owing to the con- 
densation due to absorption of heat by the 


cylinder. At D the steam and metal tem- 
peratures are about equal, and the curves 
coincide. From D to C the increase of 
steam due to re-evaporation causes the 
true expansion curve to rise above the 
curve A B. That is, the two curves have 
but one point in common to the right of 
the cut-off. Hence, in treating the steam 
curve as an equilateral hyperbola, find- 
ing the clearance by Mr. Nederburgh’s 
method, must result in error unless the 
point of coincidence of the two curves 
represents a pressure equal to just half 
of the initial absolute pressure. That 
this will happen only by accident, and in 
exceptional instances seems certain. 

In a slow-speed engine having a long 
stroke and a comparatively small cylinder 
diameter, the ratio of the wall surface 
to the steam volume inclosed is large, 
and condensation will be greater than in a 
short-stroke high-speed engine. Should 
superheated steam be used, with sufficient 
superheat to insure dry saturated steam 
at the end of expansion, the re-evapora- 
process would not occur. Further- 
more, a leaky steam valve would cause 
the steam-expansion curve to be higher 
than the hyperbola at all points by per 
mitting live steam to enter the cylinder 
during the expansion, preventing the drop 
in pressure due to condensation. 

Or, if the piston or exhaust valve 
should leak, the consequent fall of pres- 
sure might be sufficient to keep the steam 
curve wholly below the hyperbola. In 
view of the effects of these various dis- 
turbances, therefore, the expansion curve 
of steam in a cylinder cannot be expected 
to follow the equilateral hyperbola, and 
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FIG. 2. DIAGRAM WITH INDEFINITE 


OF CUT-OFF 


POINT 


any computations based on the assump- 
tion that the two are coincident must be 
in error to a greater or less extent. It 
would be hard to state the error in the 
clearance as calculated by the method of 
Mr. Nederburg, without actually measur- 
ing the clearance volume, and if the clear- 
ance can be conveniently measured, there 
is no need to resort to the diagram for 
the purpose of estimating it. 

But while the character of the expan- 
sion line may alter the result, it would 
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seem that there is a still greater element 
of error to be considered. On the dia- 
gram shown by Mr. Nederburg the point 
of cut-off is so sharply defined that it 
cannot be mistaken, and the expansion 
curve is smooth. Under such conditions 
the method he outlines may give a close 
approximation. But suppose that a dia- 
gram like that in Fig. 2 should be sub- 
mitted. Inasmuch as the point of cut- 
off is not clearly defined, it will be neces- 
sary to locate it by inspection. Herein 
lies the error, for two different observers 
will not choose exactly the same point. 
Suppose that A is chosen, and that A-B 
is drawn. Then C is located, such that 
C-D equals one-half of A-B, after which 
B-E is laid off equal to B-D, the distance 
O-E representing the clearance. If F be 
taken as the point of valve closure, H-/ 
be made equal to half of F-G, and G-J be 
laid off equal to G-/, the clearance will 
be O-J, about 25 per cent. less than O-E. 
It would seem, therefore, that this method 
of finding the clearance would be subject 
to so many possibilities of error as to 
make it unreliable. 

R. T. Srrouo. 
Scranton, Penn. 





Steam-cylinder and Valve 
Lubrication 


L notice on page 504 of the March 31 
number what John L. Sheldon says about 
the use of cylinder oil. I am just a lad 
and only know land engines, but I want 
to say that a Corliss engine on which I 
have had most of my experience would 
not run smoothly if it were left without 
cylinder oil for two hours. The valves 
would drop shut, and the piston- 
rings would groan badly. 

DANIEL 

Brantford, Ont. 


not 
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Direction to Lap a Belt 


number, under the 
that 
mend running the inside point of the lap 
away from the driving pulley, as shown 


in your lower sketch. I wish to take ex- 


In the March 24 


above heading, I note you recom 


ception to this, for the following reason: 
In several years’ experience in the test- 
ing department of an 
where it was my duty to determine the 


electric company, 
sizes of pulleys and widths of belts which 
should be used in testing motors and gen- 
erators, I invariably found that when the 
belt was run in the way you suggest, the 
air would work under the outside lap, 
the leather as it ran the 
small pulley, and eventually ripping the 
belt ; if we ran the belt in the 
other direction, we never experienced any 
difficulty with the lap on the under side. 


C. R. Brown. 


raising over 


whereas, 


3uffalo, N. Y. 


Operating Steam Turbines 


My attention has been called to the in- 
teresting letter of E. H. Notthoff on 
steam-turbine operation in the February 
15 number of The Engineer. Mr. Nott- 
hoff is evidently speaking with full knowl- 
edge so far as he deals with the mechan- 
ical and steam problems of the turbine; 
but when he attempts to describe clec- 
trical conditions he is in error. 

He says: “If one or the other of two 
machines will not take its share of the 
load, it can be rectified on the switch- 
board by strengthening or weakening the 
fields of either one. Watch the switch- 
If he is not on friendly 
terms with you and the coast is clear, he 


board tender. 


can cause you some guessing among your 
turbines, by simply adjusting his rheo- 
stat.” In another place he says, “When 
running two turbines in parallel, and one 
should drop its any cause 
don’t Let the 
switchboard tender hold them together; 


trom 
scared. 


load 
whatever, get 
he can do that much better over on his 
side than you can on your side,” etc. 
Now all of the above would be true if 
the turbines in question were driving di- 
rect-current but Mr. Nott- 
hoff’s frequent allusions to synchronous 
operation show that he is talking about 
alternating-current fact, 
there are so few direct-current machines 


generators; 


generators. In 


in existence driven by turbines, that we 
would be justified in assuming that he 
had alternators in mind, even if he did 
not use words implying that fact. An 
alternator driven by a turbine does not 
behave any differently from an alterna- 
tor driven by a belt, or gas engine, or 
water-wheel or reciprocating steam = en- 
gine, so far as distribution of load is 
concerned. 

You cannot change the load on an al- 
ternator by moving the rheostat. You can 
change the apparent load, i. e., the am- 
peres, by so doing; but the real load in 
horse-power taken from the prime mover 
is not changed. If several alternators 
are running in parallel, and you move 
the rheostat of one you will produce a 
slight change in the bus-bar voltage which 
may cause a slight change in the total 
load, especially if it is largely a lighting 
load; but you will not change the distribu- 
tion of load among the various machines. 

Try this experiment: If you have two 
1500-kilowatt turbines running in paral- 


lel, each with about full load, cut down 


a little on the field rheostat of one. You 
will notice, the bus-bar voltage drop. 
Strengthen the field on the other ma- 


chine until you have restored the bus-bar 
voltage to normal. Keep up this proces, 
strengthening the field on one and reduc 
ing it on the other, keeping the bus-bar 
voltage constant, until you finally open 
the field switch on one, so that there jis 
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no current in the field at all. You will 
then find that each machine is still carry- 
An inspec- 
tion of your steam valves will prove this, 
so will your indicating wattmeter if you 
have any. Your ammeters will indicate 
that they are both enormously overloaded. 
as in fact it will be, in respect to cur- 
If you 
power-factor meters, both will be 


ing the same load as at first. 


rent, mostly “wattless current.” 
have 
over against the stop, in opposite direc 
tions, the one on the machine having no 
field excitation indicating leading current, 
the other lagging current. 

In carrying out the above experiment 
you will probably have trouble getting 
enough field current for the machine that 
is getting all the excitation. It will certainly 
be necessary to run up the voltage of your 
exciter, or perhaps put two in series. It 
will get an extra 
rheostat to help cut down the field evr- 
so that there 
in pulling ou! 


also be advisable to 
rent on the other machine 
will not be too big a jump 
the field switch. Another necessary pre 
caution is to go through the whole per 
formance very rapidly, and refrain frow 
keeping things in the extreme conditions 
for any length of time, or the excessive 
currents may burn out something. 

A further step in this experiment is as 
(This should not be attempted 

About 
to start 
First, carry through the 


follows: 
with full load on both machines. 
one-half load on 
with will do.) 


each machine 


experiment exactly as above described 
then go to the machine that is carrying all 
the field current close the throttle 
valve. The machine that field 


current will continue to run, carrying all 


and 
has no 


the load, and the other machine will run 
as a synchronous motor furnishing 
enough wattless current to the first ma- 
chine to keep up the voltage. I have 
myself carried out this experiment with 
the 
of the Boston and Worcester Street Rail- 
South 


The machine that carried all the 


life-sized machines in power sation 


way Company at Framingham, 
Mass. 
load, with no field current, was a 1000- 
kilowatt, 13,200-volt, 25-cycle three-phas- 
er, driven by a cross-compound condens- 
The ma- 
chine that had all the fiel@ current but no 
steam 


ing Rice and Sargent engine. 


1. 


was a 2000-kilowatt Curtis-tur- 


bine unit. The external load was a little 
short of tooo kilowatts, and the apparent 
load on each machine about 3000 kilo- 
watts. Neither machine showed any sign 
of distress. 

In view of the above I would suggest 
that if one of your machines won’t carry 
the proper load, you should not blame 
the switchboard tender. He can’t help it 
The only way to make it take the load 
is to change the governor so it will speed 
up a little. If one of your machines drops 
its load, don’t expect the switchboard ten- 


der to hold them together. All he has 
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to do is to leave them alone and they 
will hold themselves together. 
M. V. AyREs. 
South Framingham, Mass. 





To Tell Whether a Boiler Has 


Been Blown Down 


[ am offering herewith a few sugges- 
tions in connection with G. P. Pearce’s 


, Metal Box = 





-Brass [6] 
Screw 


aa Zine i 3 
. Bluw-ott Pipe 
——— : 


- : Lf 














FIG. I. THERMOSTAT ON BLOW-OFF PIP! 


ingenious application of the thermostat 
to tell whether a boiler has been blow: 
down or not, as described in the January 
28 number. 

Seeing that the apparatus is worked b: 
the unequal expansion of the two metals 
forming the composite strip, and that tl 
difference of the co-efficient of expansio: 
per degree Fahrenheit of brass and iro 
while that of 


is 0.0000039, zine and iro: 
is 0.00000979, would it not be advisabl 
to use the latter couple? With the sam: 
length of strip the movement would b: 
proportionately greater. 

If the 


metal 


apparatus were inclosed 1: 


box as in Fig. 1, one adjustment 


Gage Glass 
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FIG. 2. INDICATOR CONTAINING FINE SAN 


only would be necessary and the whol 
outfit could be taken off a boiler that wa- 
going out of commission and clipped on 
the one that was to take its place, there 
by saving the cost and trouble of making 
at least one set. 


In the indicator I think that the use 01 





tine sand would be preferable to that of 
water, as the indications would be more 
clearly defined. 

As in Fig. 2, the spring and thread 
might be done away with by placing the 
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bell below the gage-glass and having a 
disk soldered on the hammer as at 4. 
The contact pillar might 


also come off 


and the bell be made to give a single 
stroke as shown. A piece of paper fastened 
on the inside of the armature will pre 
vent it from sticking to the magnets after 
the current has been cut off by the ther 
mostat. 

R. CLEMENTS. 


Liverpool, England. 





Engineers’ Examinations 


The Jetters on the license question are 
interesting to me particularly as | am one 
of the unsuccessful though persistent ap- 
It is a difficult matter to ascer- 
tain by a verbal examination alone what 


plicants. 


a man’s capabilities are, and I respectful 
ly submit what I think would be a fairer 
method to both parties concerned. First, 
a full board of examiners should deter 
mine what each grade of engineer must 
know and then compile a list of questions 












Battery 
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suitable for each grade. ‘This list should 


be published, enabling cach prospective 
candidate to study the subjects with which 
he is expected to be familiar. The exam- 
ination proper would consist of written 
replies to a number of questions chosen 
from the list, to be followed (providing 


a certain 


percentage of marks was 
earned) by a verbal examination. The 
examiner in this case would have the 


written examination before him; he would 
note the number of marks granted, and put 
the applicant through a cross-examination 
to determine whether what had been writ- 
ten was thoroughly understood. 
sideration of applicant's past experience 
should the issue 
rhe papers should 
not have thereon the applicant’s name nor 


Due con- 
be given in deciding 
written examination 
should it be possible for an examiner on 
the board to identify them. I believe that 
an 


rANK 


examination on these lines would be 
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more satisfactory to examiners and can- 
didates and would save time for both. 
FRANK HILton. 
Springfield, Mass. 


Why the Engine Slowed Down 


Regarding the action of the engine, as 
told on page 501 of the March 31 number, 
will say that it must have been getting 
live steam. Either the steam valve leaked 
or the dash-pot rods did not allow the 
valves to close entirely. I do not believe 
the vacuum would pull such an engine 
at 12 revolutions per minute if steam were 
entirely shut off. 

THOMAS GorDON. 


Sacaton, Ariz. 





A Tank Indicator 


As shown in the sketch, the apparatus 
consists of a battery of wet or dry cells, 
a 6-inch gong anda multiple-point switch, 
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INDICATOR 
with wires leading to contacts on the 
tank, spaced conveniently to indicate 
the different water levels. ‘The moving 
contact consists of a block of wood 


carrying a brass or copper contact piece 


1% inches wide and 1/16 inch thick, of 
down 
When 
the pump is running we leave the switch 


on No. 6, and when the tank gets full 


and 
by the float and pulley as shown. 


oval shape, and moved up 


the bell rings notifying the engineer. 
The switch is then moved back to say 
No. 2, and when the water gets that low 


the bell will ring again. If at any time 
feet 
of water in the tank, the switch is moved 
backward the 


contact 


it is desired to know the number of 


or forward, 
until it the 
the complete circuit, when the bell will 


as case may 


be, touches making 
indicate the hight of water. 
J. L. Artuer. 


Mt. Vernon, Wash. 








A Stick and White Lead Make a 
Good Magnet 


An instance of somewhat unusual com- 


bination of emergency and remedy oc- 
curred in the writer’s experience about 
thirty years ago in one of our Louisiana 
sugar houses, in which case something had 
to the 


walking-beam vacuum 


happened slide-valve gear of a 
pumping 
which called for an examination into the 
the 


cover was removed, and a small piece of 


engine, 


steam, or valve chest, from which 
loose iron found which could be identified 
as a piece of piston ring. The piston-rod 
was disconnected from the crosshead, the 
top cylinder-head taken off, and piston 
and rod lifted out, when a light retlected 
down into the cylinder, which was about 
12 inches in diameter and 54 inches deep, 
showed several small pieces of ring lying 
on the bottom. Steam was leaking at the 
stop-valve and several attempts at reach 
the pieces 


kinds failed to get them [ 


ing with of various 


toitgs 
Was Water 
tender at the plant, and was standing in 
the engine-room door, trying to think of 
some scheme by which the pieces could be 
reached. 


Standing near-by was a keg of 


white lead that the boiler makers had 
used for marking holes while repairing 
the boilers. Having my gage-cock stick 


in hand, [ dipped the dry end into the 
lead, had the of 
forming a surface to which the hot, dry 


and satisfaction thus 
pieces of metal adhered and were easily 
removed, and I thus enjoyed a temporary 
exultation that, with many bigger things 
since, | have never had equalled; but best 
of all I have since had many chances to 
employ the same tactics with clusive pieces 
of metal in close quarters, but not under 
the same circumstances. 

J. O. Frazier. 


New Orleans, La 


Size of Governor Pulleys; A Home- 
made Steam Blower 


As the governor of an engine must run 
at the speed for which it was designed, 
the 


speed of the engine, to know what changes 


it becomes necessary, on changing 
to make in the size of the governor pul- 
leys. 

lor instance, if the governor is stamped 
for 380 revolutions per minute, and has a 
3-inch pulley, and we wish to tind what 
sized pulley is necessary on the engine 
go revolu- 
the speed 


shaft with the engine making 


tions per minute, we multiply 
of the governor by the diameter of the 
governor pulley and divide by the speed 
of the engine; thus, 


So » . 
3 3 12.66 inches, 
go 
the diameter of the pulley necessary on 
the engine shaft. 
To tind the proper diameter of a gov- 








744 


ernor pulley, the process would be: Speed 
of engine multiplied by diameter of en- 
gine puliey divided by speed of governor: 


380 ees. == 3 inches, 


Every reader of Power who is pinched 
for draft, may rig up a blower in the 
stack as follows: Run a I-inch steam- 
line to the stack, put on an elbow turning 
upward; screw in a short nipple, then 
-cross. Run two short pipes out from the 
cross with '-inch holes drilled along the 
top and with the pipes capped at the end. 
Then screw into the cross another short 
nipple and a tee, and lead two more hori- 
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SHOWING BLOWER INSTALLED IN CHIMNEY 





t 








zontal pipes out at right angles to the 
first, as shown in the figure. 
ALBERT SMITH. 
Barrytown, N. Y. 





Admission of Steam Under the 
Grate for Burning Slack 


In the March 31 number, page 503, 
J. F. Kingsley asks for information re- 
garding the use of steam: under the grates 
in burning slack coal. 

The following are some instances in 
which the writer has used exhaust steam 
under furnace grates: A very much over- 
loaded economic boiler, having 20 feet of 
common flat grate surface on which the 
fuel, a mixture of slack and lump coal 
clinkered badly, whether there was water 
in the ash-pit or not. A %-inch pipe was 
run from the exhaust of a small hoisting 
engine located near the boiler. This pipe 
was simply led into the ash-pit opening, 
no effort being made to spread the steam. 
The immediate result was that the clinkers 
did not stick to the grates and were read- 
ily removed with the slice-bar and hook. 

Some years ago our people experi- 
mented with a patent coking furnace, the 
direct heat from which was used in dry- 
ing our manufactured material. The main 
features in this furnace were the coking 
table and inclined grate. The draft was 
induced by a 10-foot fan, which drew 
part of its air supply through the grate 
on which the fuel burned to incandescence 
after being pushed forward from the cok- 
ing table. A molten mass of clinker 


formed at the bottom of these grates, 
where there was a 15-inch opening to al- 
low of their removal. 


It was impossible 
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to remove this clinker or clean the grates 
until the furnace was cooled down. 

Exhaust steam from the fan engine was 
blown into the ash-pit through a perfo- 
rated pipe, with the result that the ashes 
and clinker were easily removed and the 
furnace kept in continuous operation. 

Another instance is one of a pair of 
Babcock & Wilcox boilers with 35 square 
feet of grate surface each, upon which 
is burned from twenty-five to thirty 
pounds of slack per square foot, per hour. 
A shaking grate is used here, and during 
the day run when the maximum amount 
of slack is burned, a thin sticky clinker 
formed on the grates. Frequent shaking 
seemed only to aggravate the trouble. I 
ordered a 1%4-inch pipe run from the ex- 
haust of one of the pumps, ending in 
a capped pipe drilled with 3/16-inch 
holes. This pipe led across the ash-pit 
just under the dead-plate. The perfo- 
rations were turned downward, so that 
the steam would be distributed under the 
entire grate. An angle-valve placed in 
the pipe where it pierced the boiler front, 
afforded convenient control of the volume 
of steam. This was done two weeks ago, 
and while the fireman and the engineer 
in charge have varying opinions on its 
value, all agree that most of the ashes 
can be shaken through the grates and the 
large clinkers are easily removed with the 
fire hook. 

P. J. KEATING. 
Streator, IIl. 





J. F. Kingsley in the March 31 number, 
page 503, asks to hear from somebody 
who has had experience in admitting 
steam under the grate when burning slack 
coal. I would say that in the Joplin dis 
trict, this State, the practice is almost 
universal, or was, before natural gas be- 
came so popular. Kansas coal from the 
southeastern field was used, and Kansas 
slack is said to consist of 40 per cent: 
fixed carbon, 40 per cent. volatile matter 
and 20 per cent. ash. I do not vouch for 
the accuracy of this, but the sulphur and 
ash contents are high. My own experience 
was limited to a few months, but I found 
in that time that the use of exhaust steam 
under the grates tended to granulate the 
clinker so it would fall through instead 
of running together and filling up the 
air spaces. 

Another scheme which is very beneficial 
with dirty coal, is to keep the ash-pit 
filled with water to quench the falling 
ash and clinker. Possibly in both cases 
the disassociation of the steam. by passing 
through the bed of red-hot coals adds 
a little heat to the combustion. Usu- 
ally in the Joplin district the exhaust 
steam from the boiler feed-pump was 
admitted. : 

Just why moisture in the form of steam 
should granulate clinker is not clear to 
me; blast furnace slag, which is similar 
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in composition to clinker, is frequently 
granulated by running into a current of 
water which carries it away at the same 
time, but in that case I always supposed 
it was the sudden chill which did the 
work and not a chemical action. Possibly 
some other subscriber may have some 
reasons to offer. 
LeRoy BAKER. 
St. Louis, Mo. 





Electric Indicator for Water Tanks 





I noticed with much interest the scheme 
published in the February 11 number, for 
an electric indicator for water tanks. 
Having had a similar problem recently, I 
would like to suggest an improvement in 
the scheme as published. 

The indicator is the same as described, 
but the electrical connections are altered 
as shown in the accompanying sketch. 

One feed-wire is electrically connected 
to the driven shaft, as before, but the sec 
ond wire is connected to both spring con- 
tacts as shown, a resistance of consider- 
able amount, such as a lamp, being in the 
circuit between the springs. 

When contact is made on end 4, the 
full pressure of the line is applied to the 
indicating lamp, causing it to burn at full 
candle-power; but when contact is made 
at B, only part of the voltage is applied 
to the indicating lamp, the current being 
cut down by the auxiliary resistance and 
the indicating lamp will not come up to 
full candle-power. 

A bell circuit may.be put around the 
lamp as shown to call the attention of the 
engineer. 
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CONNECTIONS OF INDICATOR FOR WATER TANK 


Similar connections may be used with 
a primary-battery circuit, but it is more 
difficult to get a satisfactory indicator of 
simple construction. In this case one of 
the three wires of Mr. Mossman’s system 
could be grounded on the pipes, and two 
wires run down and connected as in his 
scheme. 

Where the tank to be controlled is sev- 
eral hundred feet away, this scheme will 
save considerable material and labor in 
installing. 

Henry C. Hussey. 

Berkeley, Cal. 
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How We Use Boiler Compound 


We formerly got it in large barrels. 
\nowing the weight of a barrel’s 
tents and the amount 


con- 
to be used per 
lay, it was an easy problem to calcu- 
how long a barrel should last. 
Things were going quite merrily till one 
day the chief noticed that the compound 
was not disappearing as rapidly as it 
should. Getting equipped with data and 


late 


Positions —+ 





DEVICE FOR FEEDING BOILER COMPOUND 

a lump of chalk I set to work on the 
The barrel should 
empty six weeks still 
half full, The remainder disappeared 
quite quickly and I heard no more about 
it. 

The sketch shows 
use for feeding it. A vertical pipe D 
leads to the pumps. The compound is 
put in through the tap B. 

One day I noticed the handle on B 
did not hang straight. I had a vague 
sort of notion that I had left it ‘thus 
myself, and began to wonder. I put the 
compound in and this time purposely 
left tap B out of square and made a 
note of it. Next day I found it as I 
had left it. Again I tried it and this 
time left the handle on the other side 
of the center line. Again I found it as 
I left it. I asked -no questions and 
told no tales, though I kept it up for at 
least a month. 

There are three of us, one man on at 


problem. have been 


before; it was 


the apparatus we 


a time, so none of us can see what the 
other does. The barrel gets empty all 
right, as we get plenty of assistance. 
The machine men help us at it, for wash- 
ing composition rollers on the printing 
machines. One of my mates seems to 
have only one shirt at a time; anyhow, 
he will wear the same shirt for long 
periods, washing it occasionally at his 
work. The abundance of traces he leaves 
behind him in his haste to get it washed, 
dried, and on again leads me to think 
he must save his portion of compound 
to wash with. 
A LANCASHIRE LAD. 
Manchester, Eng. 
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An “ Appeal ’’ Examination 


During an appeal examination before 
three examiners for a first-class license, one 
of the examiners, after a preliminary “skir- 
mish,” asked the question: 
“What would you do if you had oil in a 
boiler?” I replied, “It depends on the 
kind of oil, the quantity and the length of 
time the oil had been in the boiler; but as 


following 


a direct answer to the question, I would 
use every means I could to get rid of the 
oil and prevent more from getting in.” 
The examiner then asked: “If the oil had 
got on the sheet over the fire and the girth 
seam started to leak what would you do?” 
I replied, “I would get rid of the oil and 
try to make the seam tight by ‘calking.’” 
“Suppose the sheet was in such condition 
that ‘calking’ would not make it tight, and 
the leak was so bad as to prevent your 
using the boiler, what then?” “Well,” I 
replied, “I think in that case it would be 
policy to call in a reputable boiler maker 
for consultation and advice.” The exam- 
iner at this answer laid back in his chair 
and laughed as though he 


would never 


stop. When his mirth had in a measure 
subsided, I asked the cause of his merri- 
ment and was surprised to learn that he 
thought it something to laugh at that, as 
he expressed it, “an applicant for a first- 
class license should be willing to concede 
that a competent boiler-maker could ad- 
vise him as to making boiler repairs.” Of 
course I qualified as quickly as possible 
by telling him “that I would rather have 
the advice of a ‘State inspector,’ ” and his 
but the 
mistake had been made and my chance to 


dignity was somewhat restored, 
secure a license was gone. 

It may be that the “public safety” re- 
quires that the shall 
pre-eminent as authority on practical boiler 
repairing, but I think differently and | 
think that very few engineers in Massa- 


inspector stand 


chusetts would depend on the advice of 
a State inspector, rather than a compe- 


‘tent boiler-maker to tell him where, when 


or how to make necessary boiler repairs. 

Some of the other questions asked may 
be of interest: 1. “If 
steam gage to the steam-chest of a slide- 


you attached a 


engine, and a gage to the steam- 
of a Corliss engine, what pressure 


valve 
chest 
would each register? Steam pressure on 
the boiler 120 pounds no ‘drop’ of pres- 
sure in the piping.” 

2. “How many positions is a Corliss 
governor capable of assuming ?” 

3. “What could 
to show three gages of water when the 
gage-cocks only showed two, the valves 
being open and the openings ample in 
size and clear?” 

3. “Why do the makers of pumps hav- 
ing both valve-decks above the cylinder, 
make the space between ‘decks’ so shal- 
low as to inconvenience a repairman when 


cause a water-glass 


replacing a suction valve?” 


4. “What part of a ‘B. & W.’ boiler 
gives out first?” 
5. “Where 


‘ weakest place in a 
‘Stirling’ boiler?” 


is the 
6. “Figure the safe working pressure 
return-tubular boiler 72 
\5-inch sheets, 60,000 
pounds ‘T. S.,’ and triple riveted, double 
Assume the pitch of 


of a horizontal 


inches in diameter, 
butt, strap joints. 
rivets, etc.” 

>. “Find the safe working pressure of 
the same boiler without tubes or stays.” 

A number of other questions along the 
same lines were asked and as I was fa- 
miliar with each subject, I considered I 
had the for 
some reason, decided otherwise. 

Joseru KING. 


“passed,” but examiners, 


Boston, Mass 





Packing Hydraulic-pump Plungers 


experience in a medium- 
trouble with 
the numerous valves, connections, ete., on 
the hydraulic line. The trouble was 
caused by the packing working through 


During my 


sized power plant, I had 


the stuffing-boxes of the heavy pressure 
pumps (operated under three to five hun- 
dred pounds pressure), and consequently 
stopping up many of the valves, thus prov- 
ing a constant care. The pump plungers 
becoming pretty well worn, the heavy pres- 
sure forced the small particles of pack- 
ing through the stuffing-box and thence 
through the whole system. After some 
thought I finally overcame the trouble by 
having a small pattern made from which 
I had rings cast of the shape shown in 
the accompanying sketch, and which by 
the were 
made true enough to use without ma- 
chining. The metal used was of the fol- 
lowing compositions: 1/3 babbitt metal, 
1/3 block tin and 1/3 antimony. 


exercising care in molding 


Composition Ring 
Garlock Packing 
Garlock Packi 
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The rings were cut at an angle of 45 
degrees, leaving an open crack of 1 inch 
for take-up in wear. In packing the stuff- 
ing-box, I placed a composition ring in 
both the front and back, and then two or 
three rings of Garlock packing between 
them, thus forming a perfectly air- and 
water-tight joint when the gland was ad- 
justed. This arrangement prevented loose 
particles of worn packing working into the 
cylinder and lengthened the life of the 
packing about 50 per cent. 

Francis K. Witson, Jr. 

Coatesville, Penn. 
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Oil Fuel on Big Liners 


Referring once again to the subject of 
oil fuel on the “Lusitania,” it might be 
mentioned at the start that this is a 
many-sided problem, and that your cor- 
respondent in the April 14 number, page 
583, has confined himself to one side only. 
He is apparently an ardent advocate of 
the use of oil fuel, and in pushing his 
pet specialty he fails to recognize that 
there is more to the question than the 
mere burning of fuel under the boilers. 
With the resistance and propulsion of 
ships he shows no familiarity, and it is a 
‘pity that such a splendid engineering agent 
as liquid fuel should receive such a one- 
sided treatment as to ignore its other 
good features. 

The original proposition was to sub- 
stitute oil for coal as a fuel for the “Lusi- 
tania;” by thi, means to decrease the 
time of passage across the Atlantic by 
eight hours; and, at the same time, to 
increase the cargo carried by 4000 tons. 
If this cargo is to be increased by 4000 
tons without increasing the displacement 
of the vessel, that means that only 1000 
tons of the present 5000-ton bunker ca- 
pacity (not cubic space, but weight-carry- 
ing capacity) is available for fuel. The 
proposition to make one pound of oil do 
what five pounds of coal can accomplish 
is utterly ridiculous; and when to this 
proposition is added the further advan- 
tages of increasing speed to a marked 
degree, and also adding large cargo ca- 
pacity, the whole idea becomes preposter- 
ous. 

Your correspondent lays particular em- 
phasis on the cubic feet of space gained 
by using oil instead of coal. This is 
entirely beside the question. The engi- 
neering part of the proposition has to do 
with weights and not with space. He 
claims 73,300 cubic feet. He might have 
put all the oil into the double bottom and 
claimed the entire coal-bunker space of 
more than 200,000 cubic feet. It is pos- 
sible that your correspondent, in his ex- 
tensive practice, has been able to place 
4000 tons of cargo in a vessel’s hold with- 
out thereby increasing the immersion and 
consequently the displacement of the ves- 
sel. Such a peculiar result, however, is 
not possible in Atlantic waters, where for 
every extra ton added to the cargo an 
equal extra ton is added to the displace- 
ment of the vessel. 

The load-water plane of the “Lusitania” 
covers an area of approximately 50,000 
square feet. To sink this 1 inch into the 
water requires about 120 tons. The load 
of 4000 tons would sink it some 33 inches. 
This increase of approximately 10 per 
cent. in the displacement of the ship, 
would call for an increase in the power 
required to drive it, at the previous speed, 
on two grounds: In the first place, it 


would increase the amount of wetted sur- 
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face upon which so large a proportion of 
the resistance of the ship depends; im the 


second place, it would alter the stream 
such a manner as to call for 
added power. With the power now at 
hand, it is probable that these two items 
would reduce the average speed by not 
less than one knot, and, possibly, a great 
deal more. The exact figure could not be 
without actual trial, or the 
running of tank experiments. 


lines in 


determined 


It was shown in my previous communi- 
cation that, assuming the same displace- 
ment of vessel, the substitution of oil for 
coal would permit the same speed to be 
maintained on a saving in weight of 
about 1300 tons, which could be used for 
cargo. It was shown further to be prob- 
able that by burning the same weight of 
oil as the present consumption 
amounts to, the vessel could be driven at a 
sufficiently speed to save eight 
hours on the trip, without carrying one 
pound more of cargo. But both results 
cannot be accomplished at the same time. 
These figures were based upon calorific 
values for coal and oil considered equitable 
by the latest authorities, it being stated 
in Haswell, for instance, that the average 
firing requires the use of a certain amount 
of British coals will give 14,320 B.t.u. 


coal 


higher 
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per pound, Welsh coal being accredited 
with 14,858, and Newcastle coal with 14,- 
820. In the United States, New River 
and Pocahontas coal has shown frequent- 
ly upward of 15,000 B.t.u. per pound. The 
assumption of 14,000 as the average for 
the best coal, which, of course, the “Lusi- 
tania” has to burn, is, therefore, not too 
high. Similar authority, covering the sub- 
ject of oil fuel, places the value of one 
pound of petroleum at about 19,000 B.t.u., 
as compared with 14,000 for good coal. 
Some qualities of oil have doubtless 
shown much higher values under tests, 
one case in Haswell being of 27,530 B.t.u. 
This, however, is exceptional, and 20,000 
must be regarded as fully up to the best 
practice. 

The ability to maintain clean, bright 
fires with oil firing, is one of its chief 
advantages, and may be considered to 
offset largely the fact that, in general, oil 
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of steam or compressed air to atomize the 
fuel, the result in either case being to re- 
duce the ultimate efficiency of operation. 
The fact that the boilers would be more 
highly forced to provide the added steam 
for extra power would also lower their 
efficiency of operation. 

nutshell is 
Extra speed demands extra power 
in about three times the ratio of increased 


The whole question in a 
this: 


speed; extra cargo means extra displace- 
ment, which also. demands extra power 
In each case, extra power means extra 
fuel consumed, whether that fuel be coal 
or oil. The extra speed called for to re- 
duce the time of passage by eight hours 
would require so much extra power that 
the advantages accruing from the use of 
oil would be entirely offset by the de- 
mands for more fuel, leaving nothing for 
added cargo. The whole proposition is a 
question of weights, and not of stowage. 
SiwNEY G. Koon. 
New York City. 





Repairing Steam Traps 


The steam trap shown herewith was ex- 
tensively used some years ago and is tc 


Brass 








SHOWING VALVE CONSTRUCTION 


be found in many plants. It has the com- 
mon fault that when the water has reached 
a level where the valve just starts to 
discharge, the float is held stationary and 
“wire drawing” is the result, the brass 
cone and disk being rapidly eaten away. 
If draining a steam-drum for instance, 
where muddy water is used in the boilers, 
it will sometimes last only two or three 
weeks. There is a simple remedy, how 
ever, that will turn them into first-class 
traps. 

Cut off the brass cone and drill and 
tap for one made as shown at 4A, in the 
accompanying sketch, of tool steel; alsc 
make a disk of the same material instead 
of the composition or hard-rubber disk 
shown at B. Have these two parts hard 
ened and the traps will not require at 
tention again for a long time. 

R. CEDERBLOM. 

Chicago, Il. 
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The Gain from a Live Steam 
Feed Water Heater 


Referring to Prof. John Goodman and 
lx. R. Maclachlan’s interesting article 
in the March 31 number, and their elab- 
orate test going to show that a live-steam 
feed-water heater will not add to the fuel 
economy, I wish to say that the contention 
is true as far as it goes. The authors ad- 
that the feed-water 
use, the deposit of impurities in the boiler 
was materially less. 

Now if that is the case, doesn’t it stand 
to reason that indirectly, in the long run, 
there will be a saving of fuel with the 
heater in use, as the boiler ‘will remain 


mit with heater in 


clean longer ? 
Apert L. ANDERSON. 
Douglas, Alaska. 





Lubricator Trouble 


I show herewith a sketch of the lubri- 
cator connections on a 9 and 14 by 12- 
inch right-hand side, and 9 by 12-inch left- 
hand side duplex, steam-driven, 
pound air compressor. The 


com- 
compressor 
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Test for Calcium Sulphate in 
Feed Water 


On 525 of the April 7 number is 
given a test for sulphates, in which the 
statement is that if a white pre- 
cipitate is formed insoluble in nitric acid, 
sulphate of lime is present. 
and not be true. The  barium- 
chloride test is for any soluble carbonate 
or sulphate. 
in nitric 


page 
niade 


This may 


may 


If the precipitate is soluble 
indicated, 
and if present in any quantity, there will 


acid, a carbonate is 
be an effervescence of carbonic-acid gas. 
Insolubility indicates a sulphate. 

The reason that I dwell on this, is be 
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has a ball governor and air pressure reg- 
ulator on the vertical pipe, and throttle 
valve in the horizontal pipe leading to the 
separator. I the throttle 
wide open when the compressor is work- 
ing. Why will the lubricators not feed 
steadily ? 


always have 


In starting the feed on the lubricators 
| start them feeding a little fast and in 
a half hour’s time they are not feeding at 
all. If I start the feed fast enough to 
keep it going, it takes too much oil, using 
three lubricators of oil where one should 
be plenty. Would like to hear from read- 
ers who have had like experience with 
lubricators. 


H. B. 


LAWSON. 


Massillon, O. 


TROUBLESOME 




















LU BRICATORS 


cause of an occurrence which happened 


to me in Arizona. I had charge of the 
pumping stations on a railroad, two of 
had and | 
superintendent to abandon these two and 
put in another at a I had 


used the water and was familiar with ‘ts 


which bad water, urred the 


town where 


effects. He told me to get a gallon of 
the water from my favorite well for 
analysis, which I did. A few weeks tater 


he met me with the report that there were 
too much carbonate and sulphate of lime 
This 
surprise to me, as I had been usirg the 


in the water for our use. was a 


water for some time in a new boiler 
without scale or corrosion, so I sent a 
fresh sample to a friend who was a 


chemist and he reported that it contained 
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large quantities of sodium sulphate, but 


neither lime nor magnesia. Sodium sul 
phate, mineralogically known as_thenar- 
dite, occurs in large quantities in ‘some 
parts of the globe. There is a large de- 
posit of it near Fort Verde, Arizona, and 
it is found also (Dana) as an efflorescent 
the limestone below Falls, 
near Rochester, N. Y. 

The only test for sulphate of lime is 
first to test for the presence of a 
phate, as given in Power, 
add to a fresh sample 


on Genesee 


for sul 
and then t 
a few drops of 
little ammonium 
oxalate, either in crystal form or solution. 


ammonia, and then a 
If lime be present, a white precipitate, 
seluble in hydrochloric and insoluble in 
formed. If 
sulphate of magnesium is also present, it 


acetic and oxalic acids, is 
can be detected by adding sodium phos 
phate and ammonium chloride to the clear 
both 


solution to be tested must 


solution from the previous test. In 
these tests the 
be concentrated by evaporation unless the 
amount of sulphate present is large. 
Sodium salts are of little detriment im 
The 


of sea-water is magnesium chloride, and 


feed-water. deleterious constituent 
it is a difficult salt to remove by chemical 
treatment. The use of zine plates is said 
by many to its effect 
boiler, but this is also denied. 


counteract on oa 
My own 
experience is that the use of zine is ad 
vantageous, in case of corrosion, as it is 


more readily attacked by acids, cither 
vegetable or mineral than iron 
LeRoy Baker. 
St. Louis, Mo. 





Removable Hooks on Sinking 
Pump Hangers 






We note in a recent issue of your paper 
an article entitled, “Removable Hooks on 
Sinking-pump Hangers.” 

We beg to take exception to the idea 
advanced by the the 
that his suggestion is neither practical, 
readily safe. It is all vers 
well to talk of detachable hooks, and the 
sketch looks very neat, but, although the 
seems to realize that there is 
the hooks falling into the 
drink every time the pump is hoisted, he 


author on ground 


feasible, or 


author 
danger of 


shows no provision to prevent this very 
disastrous occurrence; and said provision 
means more or less bothersome mechan- 
which it 
incorporate in a pump. 


ism would be very unwise to 
Moreover, it is 
not clear what benetit arises from its use, 
for in nearly, if not all cases the pump 
may be swung out 6 or 7 inches from the 
timbers when being hoisted or lowered. 
In the design shown, the vibration of the 
pump would more than likely free it of 
the hooks entirely and cause considerable 
trouble. 

Epwin M. Corvette. 


New York City. 
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Natural Gas Burner Wanted 


I have charge of two 1oo-horse-power 
ra] 


return-tubular boilers, hand-fired with 
coal, and would like to change over to 
natural gas. Can any of the readers rec- 
ommend a good burner and general layout 
of furnace with the necessary appliances 
What should 


be the size of stack for the above boilers 


for economical operation. 


to burn gas? 

Also, please state the values of natural 
gas in heat units as compared with good 
bituminous coal. 

FRANK REMINGTON. 
Cincinnati, Ohio. 





How Should Fuel Gas 
Measured and Charged 
For? 


be 


For the benefit of “Gas Meter,” in the 
March 31 number, I will say that a gas- 
meter registers by volume, and takes no 
the greater 
higher pressures. To put it another way, 
if your gas contains 1000 B.t.u. per cubic 
foot at 14.7 pounds plus 4 ounces pres 
sure, at twice this pressure you would get 
2000 B.t.u. per cubic foot of gas registered 
by the meter. 


account of density due to 


Meters used on natural gas 
usually register correctly, or are intended 
to, at 4 ounces above atmospheric pres 
sure. In the accompanying table can be 


Gage pressure, Nef ae 
pounds : Multipliers : 

017 

050 


2 to 1) 154 


120 
187 
54 


21 
55 


WNW ee eee ee Ree ee ee ee ee ee 


2 
3 
6 
9 


90 
3.023 
3.324 
.650 
3.993 
4.027 
4.328 
. 997 


3¢ 
(3 to 1) 304 

35 
40 
45 
454 


fc 


5 
(4 to 1) 60 


seott 


we ee te CO tO 


found the factors by which to multiply 
the meter reading to get the true amount 
of gas when the pressure is higher than 
4 ounces above atmospheric. Tempera- 
ture 60 degrees Fahrenheit, barometer 30 
inches. 

J. O. BENEFIEL. 
Anderson, Ind. 


a 
was 
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A Registering Water-tank Clock 


Some time ago I was employed as engi- 
neer in a large institution. In the pump 
room there was a pump which was used 
for elevating drinking water from an ar- 
tesian well into a large tank situated on 
the top floor of the main building. 

As the superintendent did not want the 
water wasted, he had a float and bell ar- 
ranged as shown in the sketch, and con- 
nected by wires to the lighting circuit. If 
the bell rang for low water the man on 
duty would throw the switch to the high- 


Loose Wire 


Brass Rod 
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placed in the superintendent’s office and 
connected in series with the circuit as 
indicated at A. 

The register consisted of a common 
nickel-plated round clock, to which was 
fastened a piece of cardboard cut in a 
circle about the same diameter as the dial. 
This was fastened firmly with washers 
and nut to the same spindle that moved 
the hands, so that as the hour-hand moved 
around, the cardboard also revolved. The 
cardboard was graduated into hours and 
minutes just the same as the dial. 

A soft lead pencil was held in position 
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DIAGRAM OF 


water contact point, causing the bell to 
stop ringing and making connection so 
that it would ring as soon as the tank 
full. This 
nicely as long as the men were attending 
to their duty; but this was not always the 


was arrangement worked 


case, and the bell would often ring for 
a long time, because no one was there 
to attend to it. 

In order to know how long the pump 
running when it should be stopped, 
and also to know which of the firemen 
was responsible or on duty at the time, a 


registering clock was rigged up and 





TZ _— 
l 


A 





BELL CIRCUITS 


as shown, so as to bear on the cardboard 
whenever an _ electric current passed 
through the magnets MM. As the grad 
uations on the cardboard were numbered 
and set to correspond with the figures on 
the dial, it can be readily seen that a 
mark would be made every time the bell 
rang, indicating the time, and number of 
minutes that the pump was running. As 
the graduations were done with ink, the 
pencil marks could be erased every morn- 
ing. 
F. P. Kinper. 


Saxonville, Mass. 
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Care of the Horizontal Tubular 


POWER AND THE ENGINEER. 


Boiler 


A Practical Talk to Engineers on the Management of Essential Power 
Plant Apparatus Apt to Be Neglected, to the Detriment of Economy 





B Y 


Although the boiler room is the very 
heart of every steam plant, it is frequently 
the subject of the .grossest neglect, and 
the instances in which it receives the care 
and thought to which it is entitled are 
very rare. Under the very best of con- 
ditions it is wasteful, but in a _ great 
many, in fact in the majority of cases, it 
is much more so than there is any neces- 
sity of. It must be admitted that the 
boiler room is necessarily a rather dirty 
and uninviting place, but that is no ex- 
cuse for neglecting it. 

In the engine room 
economy is practised. 
steam pipe is covered; 
oil is used; 
the 


f 


possible 
foot of 
the best grade of 
the engine valves are set with 
greatest care; run as slack 


every 
Every 


belts are 





as possible; and many other points are 
watched in order to keep the steam con- 
sumption the possible 
point. This is all very proper and geod, 
and should be much 
possible, but in many far more 
serious losses are permitted in the boiler 
room, and it these 
should be stopped. 


down to lowest 


encouraged as as 


cases 
which and 


is can 


A Common Source or Loss 

A very of loss is the 
leakage of cold air through cracks in the 
settings. When flat plates from one side 
wall to the other are used over the rear 
of the combustion chamber, it is not un- 
usual to find a space of from one-half to 
one inch between the rear boiler head and 


common source 


M. 


the plate. This admits a large quantity 
of cold air to pass directly through the 
upper tubes, which are the most valuable 
for generating steam. 

As a rule these openings are not caused 
by faulty setting of the plate, as these are 
usually well set, making a tight joint, be- 
fore the boiler is fired up. But when the 
boiler becomes heated and expands, the 
plate is forced back, and when the boiler 
cools, a small space is left between it and 
the plate. Pieces of mortar and chips of 
brick lodge here, and when the boiler is 
again fired up and expands, the plate is 
forced still farther back. It is practically 
impossible to prevent these openings with 
this style of plate, but matters 
greatly packing the 


| 
| 


| 


can be 


improved by crack 
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FIG, 2 


with waste which has been filled 
with soft fire-clay, an elastic 
packing which will not readily | 

The style of 
practically free from this objection as it 
rests against the boiler head 
its movements. This plan is open to the 
objection that the angle iron on the boiler 
head finally burns and in 
replace it the studs have to be removed 
from the head, and new ones put in, with 
the attendant trouble of making the 
tight. Bearing bars are sometimes built 
into the side walls as a substitute for 
these angle irons, but they soon burn out, 
also. All trouble from this 
be overcome by using extra 
pipe as a bearing bar, and making it part 


loosely 
as this forms 
uurn out. 
shown ig. 1 is 


arch in 


and follows 


out, order to 


job 


source may 


an heavy 


K EN NET T 


of the feed line, so that water is being 
constantly pumped through it. 


one 


Or, as in 
case in mind, a small open tank may 
be provided for this purpose, 
circulating by gravity. 
Numerous other cracks are constantly 
developing in various parts of the settings, 
and should be kept well filled with clay. 
The combustion chamber back of the 
bridgewall should not be allowed to be- 
come 


the water 


filled with ashes to such an extent 
us to impede the draft. 


Proper DertH oF CoMBUSTION CHAMBER 

There is a great difference of opinion 
concerning the proper depth of this 
some engineers claiming that 
be filled with the 


chamber, 


it should up level 
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FIG. 3 


claim it should 
quite Much depends upon the 
of the 
that when soft coal is used, 


bridgewall, while others 
be 


kind 


deep 
writer believing 


it should be 


fuel used, 


fairly deep to allow the unburned gases 
to become thoroughly mixed with the air 
An excellent plan is to slope 
the flame the hight of 
the bridgewall to the ground in the 
and pave it fire-brick. This 
paving becomes incandescent and ignites 
the also reflects the up 
ward the This style of 
chamber is easily cleaned out through a 
door in the rear wall at the level of the 
floor, and the raked out 


and burn. 
bed from almost 
rear, 
with brick 


gases and heat 


toward boiler. 


ashes should be 
every day. 


Do not make the mistake of placing 
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this door one or two feet above the 
ground, as is frequently done, thus mak- 
ing it necessary to enter the chamber to 
clean it. 

The hight and form of the bridgewall 
are also worthy of consideration. The 
principal object of the bridgewall is to 
keep the fire on the grates, and it should 
not be built up too close to the boiler, nor 
should it be curved to conform to the cir- 
cle of the boiler shell. Such walls tend to 
concentrate the intense heat in the fire- 
box. This burns out the fire-door linings, 
and increases the danger of burning the 
fire-sheet, in case scale or sediment col- 
lects on it. They also prevent the free 
passage of a sufficient quantity of air into 
the combustion chamber to burn the gases. 

We believe that all bridgewalls should 
be straight and not closer to the shell 
than 12 inches for 48-inch boilers, and 20 
inches for 72-inch boilers. In many cases 
we may be in- 
creased with advantage. 

The necessity of keeping the tubes free 
of soot is pretty well understood, and this 
point usually receives proper attention. In 
addition to the usual blowing out with the 
steam blower, however, they should be 
thoroughly scraped at least once a week. 
The steam from the blower condenses to 
a great extent before reaching the rear 
erd of the tubes; a great deal of the soot 
is simply moistened and left adhering to 
the and into a hard 
scale which can only be removed by a 
thorough scraping. 


believe these distances 


tubes soon burns 


IMPORTANCE OF CLEANING BOILERS 


Generally speaking, there are few opera- 
tions about a steam plant which are so 
badly neglected as the cleaning of the 
boilers. The operation too often consists 
simply of letting the water out, removing 
the lower man-head, and washing the 
mud out with a hose. The natural re- 
sult is that the heating surfaces, especially 
the tubes, become heavily coated with 
scale. This accumulates most rapidly at 
the rear head, and the space between the 
tubes soon becomes entirely choked for a 
short distance, preventing the free access 
of the water to the tube-sheet. This 
the tube ends to become over- 
heated and they begin to leak. The only 
remedy is to remove the scale and re- 
roll the tubes, but in order to remove the 
scale it is usually, or at least frequently, 
necessary to cut out some of the tubes, 

The bagging of boilers due to the ac- 
cumulation of scale and dirt is of such 
common occurrence as to require no dis- 
cussion, other than to say that it is the 
result of improper cleaning. 

Of there are many cases in 
which even with the best possible care, 
a great deal of scale will form, or where 
it is impossible to keep the beiler out of 
commission long enough to clean it prop- 
erly. But there are also many cases in 
which a pretty thorough cleaning could be 
given if the engineer really wanted it 


causes 


course 
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done, and realized its importance suffi- 
ciently to see that it was done. 

The number of boiler compounds which 
are guaranteed to keep boilers clean is 
legion, but I have still to find the one 
which will remove the scale and hand it 
to the engineer, although this seems to be 
what some men expect of it. Most of 
them will do all that can be expected of 
thent They will soften and loosen the 
scale and considerable of it will drop off. 
After it is loosened the boiler cleaner 
should scrape it off by entering the top 
and bottom with suitable tools. Boiler 
compounds, like many other things, 
should be mixed with a good deal of com- 
mon sense, then results will be obtained. 
When a boiler is badly scaled great care 
must be exercised in the use of a scale 
solvent, as it may cause considerable scale 
to drop off and bag a sheet. The action 
can be watched by frequent cleanings and 
if there danger of such 
trouble, more frequent cleaning may be 
resorted to, or less solvent may be used. 

An excellent plan is to use a scale pan, 


seems to be 


which is a shallow pan about four to six 
feet long and as wide as can be passed 
through the manhole. It is supported by 
light legs about three inches long, and is 
placed on the fire-sheet directly over the 
grates. As the scale falls it is caught by 
this pan and is thus kept off the sheet, 
preventing the bagging of the latter. 


Ort A Source oF DIFFIcuLTY 


Probably the most difficult thing to cope 
with in a boiler is oil. There are many 
different kinds of oil. Genuine crude 
petroleum is oil, but when properly used, 
it is difficult to find anything which ex- 
cels it for keeping boilers free from scale. 
Kerosene is frequently used for the same 
purpose, and neither causes any trouble. 
The oil which we refer to, and which 
causes the most trouble is the cylinder-oil 
carried over by the exhaust to an open 
heater or hot-well, and from thence into 
the boilers. This first appears at about 
the water line, and on the top tubes, 
where it gives no trouble, but it soon 
spreads over the entire heating surface, 
and it is surprising how -little it takes to 
cause a very serious bulge on a fire-sheet. 

A bulge caused by oil is different from 
one caused by scale or mud in that it 
usually covers considerable area, while the 
latter is not often over a foot or 18 inches 
in diameter, but is much deeper in pro- 
portion to its size. When a bulge is from 
three to five feet long, as those caused by 
oil usually are, there is nothing to be done 
but to put in a new sheet. This is an 
expensive repair, as it necessitates tearing 
down the brickwork in addition to the 
boiler work. 

The best method of removing the oil 
from the feed-water is to filter it through 
a bed of coke and excelsior. This must 
be renewed from time to time, as it soon 
gets coated with the oil and becomes use- 


less. There are numerous separators on 
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the market guaranteed to extract the oil 
from the steam and water, but I have in- 
variably obtained better results from the 
filter. 


Fautty Biow-orr Pipes 

The records of a large boiler-insurance 
company show that there are more claims 
due to the failure of blow-off pipes than 
from any other single cause. A volume 
might be written on this, for the blow-off 
pipe certainly is a very troublesome, al- 
though necessary, evil. When the feed- 
water is not introduced through the blow- 
off pipe, there is practically no circulation 
in it, and mud and sediment are very apt 
to collect. If the pipe is not protected 
from the direct action of the fire, this is 
very liable to cause it to burn and burst. 
Even though this results in no damage, it 
necessitates cutting out the boiler, and this 
may happen at a very inopportune time. 
If, however, the boiler is fed through the 
blow-off, the danger of such accident is 
reduced to the minimum, but even then it 
is better to protect the pipe from the 
direct action of the flame and gases. 

It is a very common practice to incase 
the pipe in a sleeve formed of a pipe one 
or two sizes larger. This is of no value 
unless the sleeve is arranged as in Fig. 
2, so as to allow a circulation of air be 
tween it and the blow-off pipe. When the 
sleeve is simply slipped over the pipe and 
allowed to hang loose, as in Fig. 3, it is 
of no value whatever. 

In order to make it effective, the sleeve 
should the entire pipe from the 
outside of the setting to within an inch 
or so from the boiler, and should be held 
in position by iron wedges, as shown in 
Fig. 2. This allows the cool air to 
traverse the entire pipe, being drawn in 
by the draft. While this is an excellent 
plan theoretically, it is open to the very 
serious objection that the sleeve rapidly 
burns out, and in order to renew it, the 
entire blow-off pipe has to be taken down. 
I believe, however, that there is a cast- 
iron split sleeve made for this purpose, 
which can be replaced at any time without 
disturbing the pipe. 


inclose 


Perhaps as good a plan as any, all 
things considered, is to run the blow-off 
pipe straight down to the bottom of the 
combustion chamber and build a V-shaped 
fire-brick pier in front of it, just far 
enough away to allow removing the pipe 
and replacing it without disturbing the 
pier. 

When necessary to use fittings in the 
cembustion chamber, they should be of 
either cast malleable iron, as 
cast iron is too liable to crack when ex 
posed to high temperature. 


steel or 


Best MeEtHop oF FEEDING A BOILER 

The method of feeding boilers has had 
a great deal of discussion, some advocat- 
ing feeding through the blow-off, and 
some as strongly advising the top feed 
with a certain type of heater, the water 
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passing through a length of pipe in the 
steam space of the boiler, and thus becom- 
ing heated to more nearly the tempera- 
ture of the water in the boiler before dis- 
charging. 

In my opinion the top feed is, generally 
speaking, the proper method; but circum- 
stances must necessarily determine the 
best method for each particular case, and 
the writer has seen many cases where he 
has advised feeding through the blow-off. 
The objection to this method is that the 
comparatively cool water from the heater 
is discharged on the hot The 
water from the heater is hot, it is true, 
but when compared to that in the boiler 
there is considerable difference in temper- 
ature. It is seldom that the ordinary ex- 
haust heater, except the modern 
open heaters, raises the water to more 
than 175 degrees, while the temperature of 
the water in the boiler at 100 pounds pres- 
sure is 337 degrees. This is a difference 
of 162 degrees, or about the same differ- 
ence as between boiling water and a block 
of ice. Now if this water is passed 
through twelve or fourteen feet of pipe in 
the steam space before it is discharged, 
its temperature will be raised, perhaps not 
very much, but at the end of this pipe it 
is discharged in the body of water in the 
boiler, and cannot come in contact with 
the sheets until it has mingled with and 
attained the temperature of this water. 
If an injection is used, or if there is no 
heater used in connection with the feed- 
pump, the top feed should be used by all 
means. 

It is fully realized that with some 
waters this internal pipe soon chokes up, 
especially at the end, but usually this is 
readily cleaned, when the boiler is 
cleaned, and it may easily be made of 
sufficient area to run three or four weeks 
without giving any trouble. 

The point of discharge for this pipe is 
largely a matter of personal preference, 
but it should be remembered that the sedi- 
ment will collect worst at the point of 
discharge. Personally, I prefer to have 
the pipe enter the front head just above 
the tubes and at one side of the boiler, 
carrying it to within two or three feet of 
the back head, and supporting it by 
brackets from the braces. From here let 
it run across to the middle space between 
the tubes, using a union near the end of 
this piece. Then drop two pipes between 
these tubes to the level of the lower tubes. 
This makes it .very easy to clean these 
down pipes, by opening the union and re- 
moving them. 

If there is no manhole below the tubes, 
so that the scale and sediment cannot be 
scraped from the shell and tubes at this 
point, it may be found better to discharge 
at the side near the rear and just below 
the water line. 

lf for any reason the blow-off pipe can- 
not be arranged so that it can be properly 
protected from the fire (and ocasionally 
this is the case), and if a good heater is 


sheets. 


most 
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used, I see no great objection to feeding 
through the blow-off, if that is the prefer- 
ence of the engineer. It is always well to 
have both systems installed so that if one 
fails the other may be used. 





Prototypes of Modern Boiler 
Appliances 
By Henry D. Jackson 
In large low-pressure engines the form 
of boiler used by James Watt still con- 
tinues to be employed 


somewhat, par- 
ticularly in England. 


The upper half of 
this boiler is a semi-cylinder, while the 
lower half is nearly rectangular, with the 
under side concave, so that a cross-sec- 
tion would nearly resemble a_ horseshoe. 
A boiler of this type is less strong than 
one of cylindrical form, but it offers a 
larger surface to the fire without occupy- 
ing much more space. Such a boiler, with 


appendages for regulating its own fire, 




















BOILER SOMETHING LIKE 


WATT 


THAT USED BY 


water and steam, is represented by the 
accompanying sketch. 

Part of the furnace is supposed to have 
been taken away, so as to bring the boiler 
parts into view, and a portion of the 
boiler has been removed to show the in- 
side appendages. 

In the figure B B BB refer to the boiler 
shell, which is made of thick sheets or 
plates of relled iron’ strongly riveted. 
The boiler is supposed to be half full of 
water at boiling temperature. At C is 
the steam gage, the object of 
which is to determine the degree of pres- 
sure acting within the boiler. It is a 
bent, iron tube, or inverted siphon, one 
end of which with the 
boiler and the other end with the atmos- 
phere. The tube is partly filled with mer- 
cury, and as the pressure of the steam in- 


shown 


communicates 


creases, the mercury will be driven out- 
ward and will rise in the external leg of the 
siphon. As the hight of the column of mer- 
cury cannot be seen, the tube being opaque, 
a small wooden stem is made to float in the 
tube, with its end projecting by the side of 
a graduated scale. 

Every inch in hight the 


which stem 
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shows 


rises 


inches in 
the two levels of the mercury in the tube, 
and indicates a pressure of about a pound 
upon every square inch of the inner sur- 
face of the boiler. 


a difference of 2 


As low-pressure en- 
gines are seldom worked with more than 
three or four pounds to the square inch, 
the mercury seldom rises higher than 3 or 
4 inches. 
mercurial gage is not so easily applied, 
for these engines are frequently worked 
at a pressure of several atmospheres, and 
additional 
addition of 15 
mercury. 

A large opening TV is called the man- 
hole, of sufficient size to permit a man 


In high-pressure engines the 


each atmosphere requires 


the 


an 


inches to column of 


to enter the boiler to clean or examine it. 
At D 
is the steam pipe which conveys the steam 
to the engine. It is provided with a throt- 
tle valve, which is a circular disk, or par- 
tition, turning on an axis, and connected 

Its regu- 
steam by closing the 
pipe if the engine by 
opening it, if it is The gage 
cocks, which indicate the hight of water 
in the boiler, are shown at FF. Their 
extremities are located at different depths 


It is closed by a strong iron plate. 


with the governor. use is to 
late the supply of 
goes too fast, or 


too slow. 


in the boiler, one being below the surface 
of the water and the other above it. When 
the water is at the proper hight, one of 
these will emit steam on being opened, 
and the other will emit water. They are 
frequently placed in the end instead of at 
the top of the boiler. 

For keeping up a regular supply of 
water to the vertical tube G, 
called the feed-pipe, is used. Upon its 
top is a small cistern H H H H, which is 
kept full of water by a pump worked by 
the engine. At the bottom of this cistern 
is a valve ¢ connected to one end of 2 
lever ab. At the other end of this lever 
is a wire ac, which through a 
steam-tight opening at d and supports 2a 
stone float c upon the surface of the 
water, the stone being counterbalanced by 
a weight at the valve e. 

When the water lowers in the boiler, 
the stone float descends and by acting 
upon the lever ab the valve e. 
Water immediately flows in from the cis- 
tern, and continues to do so until the float 
rises and shuts the valve. It will be ob- 
served that the column of water in the 
feed-pipe must be sufficiently high to 
counterbalance the presesure of steam in 
the boiler. On this account it cannot be 
applied in high-pressure engines, without 
making it of very inconvenient weight. 
In these engines, therefore, water is sup- 
plied to the boiler by a small forcing 
pump, worked by one of the reciprocating 


boiler, a 


passes 


opens 


parts of the engine; and it is frequently 
heated before being pumped in, in order 
that it may not check the production of 
steam. 

For the purpose of regulating the fire, 
the feed-pipe is provided with an iron 
bueket 0, hung by a chain which passes 
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over two pulleys PP and is attached by 
its other extremity to an iron damper 4, 
which commands the chimney. When 
the steam in the boiler is urged to too 
great extent, it forces the water upward 
in the feed-pipe, and causes the iron 
bucket to ascend. This lowers the dam- 
per into the smoke-flue and, by thus in- 
tercepting the current of air, checks the 
force of the fire. In some boilers the pas- 
sage which brings air to the fire is inter- 
cepted, instead of the smoke-flue. 

To prevent the boiler from bursting, if 
by accident the pressure of the steam 
should become too great for the strength 
of the boiler, a safety valve is provided 
at s, opening outward. It is kept down 
by a weight, so that it cannot be raised 
except by a greater force than that which 
is required to work the engine. It is 
highly important, however, that it should 
not be liable to any other weight or in- 
cumbrance than that which the engine re- 
quires; and to prevent this danger, it is 
inclosed in a case which is kept locked. 
When the engine stops working, or the 
steam is generated too rapidly for its ex- 
penditure, the safety valve rises and the 
superfluous steam rushes out with a his- 
sing noise. 

Another safety valve is also provided, 
which differs from the preceding, in open- 
ing inward. It is kept up by a counter- 
weight on a lever, and its use is to pre- 
vent the weight of the atmosphere from 
crushing in the sides of the boiler, when 
the engine stops working and the steam 
cools. 

It will be noticed that this boiler is 
fitted with all of the appurtenances which 
are so much prized today, such as feed- 
water regulators, safety valves, damper 
regulators, etc. All of these applications 
are crude, but none the less workable, and 
were the forerunners of the highest de- 
velopment of later times. 

The description and 
from a series of papers by Jacob Bigelow, 
published in 1831, on, “The Application of 
the Sciences to the Useful Arts.” 


illustration are 





The United States Civil Service Com- 


mission announces the postponement to 
June 3 and 4 of the examination sched- 
uled to be held May 6 and 7, for “junior 
engineer” in the technologic branch of 
the Geological Survey. Those who have 
not applied to the commission, at Wash- 
ington, for application form 1312 should 
do so at once, if they wish to take the 
examination. Ten to 20 vacancies are to 
be filled, at salaries ranging from $1020 


to $3000 per annum. 





The Cunard liner “Mauretania” made a 
new transatlantic record during her east- 
ern voyage, on which she left New York 
Wednesday, April 22, making a run of 
579 knots on Friday, April 24, which beats 
the record for any one day. 





POWER AND THE ENGINEER. 


Economic Possibilities of Good 
Lubrication 


The Vacuum Oil Company maintains 
in several countries staffs of experts who 
make a specialty of indicating the power 
of industrial establishments. Whenever 
a mill director shows an interest in the 
subject and desires an opinion in regard 
to the frictional losses in plant, a 
trained engineer makes a report upon the 
conditions and the chief of the staff, com- 
paring this information with the records 
of plants already tested, and tempering 
his opinion with his own knowledge of 
local influences and conditions, makes an 
estimate of the saving, if any, which can 
be effected by a change of lubricants. If 
it is desired to pursue the matter further, 


his 
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age load for the balance of the machinery. 
On a simple test with four indicators, a 
full load and transmission test requires 


200 diagrams per day. When eight indi- 
cators are used in a subdivisional test, the 
number of diagrams per day sometimes 
reaches 2000, which would make 8000 
indicator diagrams for a four-day com 
parison test. Considerable savings have 
been made in particular instances. 

A paper on this subject was presented 
at the recent meeting of the National 
Association of Cotton Manufacturers by 
William F. Parish, Jr., of Vienna, from 
which the facts here presented 
gleaned. 


are 


VALUE OF REDUCTION OF HORSE-POWER 


From the records of many years’ work 
it is found that the money value of a Io 




















a test is made of the power consumed by per cent. reduction of the total horse- 
SUMMARY OF TWENTY TESTS. 
Per Cent.| 
Mill_ Oils. New Oils. of Trans-| Power 
Test. II Test. mission | Reductions. 
to Full | 
— Country. Plant. Load. ae 
| . ‘ em 
; | Trans- |, Trans» ¢ | @ |Full) gé 
Pull Load) mission ~— Load paladin & & > Eze 
= ia? 1.H.P m loam lees 
4 me |Cent.} BE2 
1 America...... a. ee 543.21 |192.70 4$1.75 168.90 |'35.4 35.0 11.31,12.35 
2A |Amefica...... Worsted......' 611.60 |....... So eho, <p a Be Bre | eee 
B |America Stes ie Worsted...... (= Se ey. 2 Oe eres ee ee 
3 |America...... OatOn:.........:.. 786.00 |..:. 1. ee ae ER Nm ee See 
4A (England. eer, ere 1,408.60 |356.00 1,301.80 319.30 (25.3 24.5) 7.60/10.30 
B |England. re. | 1,428.40 |357.90 | 1,358.70 |348.90 |25.025.7| 4.90] 2 50* 
5 (England. coe ssf WORROEG......| 688.20 (Tid.20 327.50 | 99.50 |31.9'30.4| 5.90/10.40 
6 IEngland......|/Weaving..... 495.00 |146.60 | 453.60 (127.50 |29.6,28. 1| 8.40/13.00 
ae reignd.........j/LdMOM......%4 110.70 | 49.90 | 93.10 | 38.60 |45.0/41.4/15.90/22.70 
8 A \Scotland.....;Woolen...... 177.70 | 61.80 | 164.60 | 56.10 |34.7/34.0| 7.40] 9.20 
B Scotland.....Woolen...... 325.10 |161.40 293.50 |147.30 |49.650.2) 9.70) 8.70t 
9 Germany..... Cotton........ 263.41 |114:03 239.35 | 97.11 |43.2.40.5) 9.10)14.80 
10 A (Germany.....|Worsted..... 341.36 |118.24 290. 53 95.67 (31.7 .32.9)14,90)19 10 
Germany.....|Worsted...... 341.36 {141.29 299.30 |119.28 |41.3 39.812.30]15.57t 
11 Germany Rea 1,135.20 |362.60 | 1,034.20 (328.10 |31.931.7) 8.89] 9.51 
12 Russia. . . (Cotton..... e-  2 e ff 2 Pr 13.70 : 
13 India..... Cotton...... 642.60 (230.70 596.80 |202.20 |35.9 33.9) 7.10)12.40 
14 Japan..... Cotton.... ee EE fie oes ela cw oles. 9.50).... 
15 india... Piour.... Ee 2 ee 336.80 i 
16 England... Paper..... SPO bss saa es 390.40 a = | ie 
17 Germany Paper : 611.37 Sn Sees re im . eer 
18 England Brass shop.. . O.248) « %.. 773 §.122 1.537 26.2 29.8 24.00)13.80 
19 England...... fron shop.... 137.80 | 74.90 116.00 | 68.10 (54.3 58.7,15.80| 9.10 
20 England...... Wood shop... 84.00 | 31.60 65.30 | 25.40 |37.6 38.8 22.30/19. 60 
*Same oil after nine months’ use. +Not full load of mill. &Morning load. 
F Electrical units. 
a 
the mill with the lubricant then in use, power of a manufacturing plant will mor 


which is repeated under as nearly as pos- 
sible identical conditions after the lubri- 
cant has been changed. 

The straight test for condition 
usually requires three days; about 40 sets 
of indicator diagrams are taken each day, 
while the engine is carrying full-load, a 
“set” comprising all the diagrams taken 
from all the indicators in operation at one 
A record is also made of the horse- 
power required to operate the engine and 
for transmission. This load is usually 
taken at noon, and not less than Io sets 
of diagrams are taken for each test. While 
a subdivisional test showing the load of 
department is being made, the 
schedule is so arranged that different de- 
partments are thrown out of operation for 
periods not exceeding one-half hour, dur- 
ing which time never less than 10 sets 
of diagrams are taken to secure the aver- 


one 


time. 


each 





than equal the cost of lubricants for one 
year. In individual cases it is easy to ob 
tain a record of the total cost of coal for 
power (coal being the only item affected 
of which it is convenient and possible to 
keep a yearly or monthly record), the 
total horse-power, and the cost for oil for 
one year. It is then possible to determine 
whether a reduction of a certain amount 
of power will be of value. 

The actual 
need not 


cost for lubricants 
I5 per cent. more 
year than the cost of the cheapest and 
poorest. In many cases the cost per year 
has been reduced by from 5 to 20 per 
cent., while the price per gallon of the 
new oil has been sometimes three times 


greater. 


good 


exceed per 


If the engine were overloaded to such 
an extent that it need be replaced by a 
larger one, or a motor installed and cur 
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rent purchased, then any reduction that 
could be made which would keep the old 
engine in service should be credited with 
the entire cost of the proposed installa- 
tion, interest on the investment and any 
amount saved by not shutting down the 
plant for the alteration. 

In Germany a manufacturer intended to 
install'a 30-horse-power electric motor in 
additional machinery 
which had been purchased, his steam en- 


order to operate 
gine having already reached its maximum 
power. A change was made in lubricants, 
with the result that more than 50 horse- 
power was saved, which allowed the new 
machinery to be operated by the original 
engine without the expense of purchasing 
an additional motor. At the same time 
the cost of lubrication with the new oils 
was 15 per cent. below the yearly cost of 
the lower-priced and poorer lubricants. 
(Test No. 10 in the accompanying table.) 


SEVERAL CASEs CITED WHERE SAVING WAS 


MADE 
In a department in a cotton mill in 
England it would have been necessary 


to put in either a larger engine or an elec- 
tric motor, as the load was being greatly 
increased. By the substitution of better 
oils the extra load has been put on the 
original engine, which runs slightly over 
normal speed, thus showing there is a re- 


serve power which did not previously 
exist. 
In England the steam engine in a 


joiner’s shop was to have been removed 
on account of its being too small for the 
work, and electrical motors installed to 
drive the plant. A change in lubricants, 
which brought about a reduction of over 
one-fifth of the total load, so relieved the 
engine that it was amply large enough for 
the work and the extra expense for the 
motor not (See test 


No. 20.) 


In America in a cotton mill driven by 


was necessary. 


water turbines, saved by a 
change of lubricants which allowed the 
speed of the mill to be increased by 2 per 
cent. with the same amount of water. At 
mill it found 


power was 


another water-power was 
that by changing the lubricants, a 150- 


horse-power engine used as an auxiliary 


was not necessary, as the wheels were 
quite sufficient with the reduced total 
load. 


In America there have been numerous 
cases where the engines have not been 
large enough to drive the entire plant, 
especially in the morning when the load 
was heavy, yet by changing the lubricants 
and saving a percentage of the frictional 
the load that the 
engines were quite large enough for the 
work. 

In a mill in Finland, motors had been 
installed to drive certain machines and, 
upon starting, these were found to be too 
small for the work. . Changes were made 
in the lubrication of these machines to 
be driven by the motor, which resulted in 


loss was so reduced 
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the total 
horse-power, while the motor carried the 


saving nearly one-sixth of 
load easily. 

In Switzerland in a mill operated by 
water power, during the season of the 
year when the water is low and the power 
of great value, the greatest care is taken 
to reduce the frictional item of the mill 
to the lowest point by the use of suitable 
lubricants. The same care, however, is 
not exercised during the period when an 
excessive quantity of water is to be had. 

In Russia, even, where the price of the 
for securing fric- 
10 to 20 times 


necessary lubricants 
tional reductions is from 
more than the cost of local oils, the re 
sult from their use is found to justify 
the extra expense. 





Liquid Fuel 


By W. H. Bootu 


The number of liquids that can be used 
as fuel is very great. In addition to the 
natural oils or petroleums, there are the 
tars produced when coal or oil is distilled 
for gas-making purposes; there are tars 
and heavy oils produced in by-product 
coke-ovens and in blast furnaces using 
coal. All these are more or less suitable 
both in quality and in price. Excepting 
for their prohibitive price the whole range 
of animal and vegetable oils and fats that 
can be made liquid easily, would serve as 
fuel as well the and 
glycerine, both of which, however, are not 
pure fuels but contain a proportion of 
But for commercial pur- 


also as alcohols 


useless oxygen. 
poses the first series alone is available. 

So far as regards Great Britain the 
first serious employment of liquid fuel on 
a considerable scale was that on the Great 
Eastern Railway, which adopted the sys- 


tem of its locomotive superintendent, 
James Holden, for the primary purpose of 
ridding itself of the tar from an oil 
gas process. There was no. sale for 


this by-product; it could not be run down 
the sewers, nor could it be disposed of in 
But it 
is a practically pure fuel, contains little 
that is not 
to burn as petroleum. 
now uses Texas oil very considerably but 


any casual way in a large city. 


combustible and is as 


This same railway 


easy 


it was to the oil-gas tar that liquid fuel 
owed its modern impetus. 

When people hear about liquid fuel and 
find how easy it is to burn it without 
smoke, how great is its calorific capacity 
and how freely it is found to spout from 
the earth in Russia, Texas and elsewhere, 
they are apt to jump to the conclusion 
that in a very short time everyone will 
be burning oil, and coal will be newhere, 
or, rather, will be left in the earth. 

This is a very hasty conclusion to ar- 
rive at and one altogether unwarranted, 
at the present rates of output of oil and 
of coal. Looking into the statistics of 


“I 
un 
wn 





oil production recently and calculating the 
proportion of heavy, or fuel oil from each 
ton or barrel of crude petroleum, it does 
not appear that the world’s present pro- 
duction of fuel oil is more than 20,000,000 
tons. This is the figure that has to be 
compared with the much larger coal out- 
The 
Obviously the use of 


put of some 750,000,000 tons. ratio 


is not 3 per cent. 
oil as fuel will be very limited unless the 
production of oil is seriously augmented. 

rhe immediate effect of increased use 
would be the raising of the price both at 
the point of production and to the distant 
and the effect would the 
increase of the output and a check upon 
High-flown views of the future of 
Oil as a 
fuel must at present be viewed from a 
quite conservative and cautious standpoint. 
To begin with, weight for weight, it is 
perhaps worth double the price of coal, 
and so long as it is used in moderation 
this price will be asked of users by sellers 
who endeavor to get the maximum price 
the article will bear. Probably there is 
profit to the fuel user at any price less 
than double that of coal, for there are 
advantages with oil which do not readily 
measure up. 


user, next be 
use. 
oil are probably very mistaken. 


CoMBINED OIL-AND-COAL SysTEM 

With the above considerations before us, 
it appears wise in the first place to burn 
oil in such furnaces as can still be used 
for coal. The combined system, in short, 
is likely to become the favorite in a coun 
try like Great Britain or France, removed 
from the sources of supply. As one ap 
proaches the oil districts, the region is 
reached where oil will always be cheaper 
than coal. But there is the vast area be- 
the oil 
day be better and another day worse to 


tween extremes where will ‘one 


use than coal. This will depend upon the 
varying prices of the two fuels and other 
local conditions, and wherever there is a 
doubt of the permanence of any set of 
conditions, the combined system will tend 
to hold the field and liquid fuel will be 


burned above grates which carry a light 


fire or coal, or the grate, while still re 
maining, will be covered with fire-bricks, 
either in broken lumps, or as brick on 


edge, admitting a further supply of air for 
complete combustion through the 
the of the 


The light coal fire is the system 


open 


joints or interstices broken 
lumps. 
adopted on the Great Eastern Railway. 

There are, however, certain conditions 
which render desirable the use of liquid 
fuel even at an enhanced price per unit 
of steam produced as compared with coal 
is that of the electric 


light station with its fluctuating load de 


Such a condition 


manding heavy steaming for a few mo 
ments, which has to be met by lighting up 
many boilers well in advance of use and 
dropping them out of 
and with fires. 


suddenly 
active oil 
the time of getting such extra boilers to 


service 


By means of 


concert pitch may be reduced, their num- 
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bers may be fewer and when the busy 
hour has gone by the fuel may be at once 
shut off and further expense will cease. 
The demand for oil to fill these conditions 
should eventually be so large that the gen- 
eral use of it for all homes would appear 
to be unjustifiable and even impossible 
commercially. 


IMPORTANT QUESTIONS TO RE RECKONED 
WITH 

With the use above authorized, there 
come into the calculations questions of 
the quantity of plant required, of interest 
and of space occupied, all reductions of 
which can be placed to the credit of the 
more costly fuel. The employment of ac- 
cumulators to get over the peak of the 
load curve also hangs upon the question 
of engines and boilers. Engines may tem- 
porarily be allowed to run at small rates 
of expansion if by doing so they will 
avoid the cost of more engines. It is in 
such directions that most engineers prob- 
ably even in America will require to 
approach the use of liquid fuel. With so 
small an annual production as at present, 
a very small impetus given to its use will 
so advance its price that a serious set-back 
would be given to any further extension. 

Those first in the field will reap the 
benefit of the economy to be secured as 
long as it lasts. This view seems to be 
general and users are often fully alive 
to the importance of keeping going their 
old grates, and simply so arranging their 
furnaces as to enable them to employ 
either fuel at will. Though oil can readily 
be burned without smoke, it will be ob- 
served that the methods of burning it se- 
cure its admixture with air in a state of 
fine division, and that furnaces are ar- 
ranged with such an amount of. brick- 
work as enables the temperature to be 
maintained sufficiently high to allow of 
perfect combustion being secured before 
too much heat is absorbed of the boiler 
surfaces. 

With coal, this condition is rarely se- 
cured. Where it is secured the combus- 
tion of the most bituminous coals can be 
carried out with economy. It is, however, 
almost universal practice to seek to re- 
duce the furnace temperature before the 
gases from the coal are half burned and 
smoke is then inevitable. Oil is so smoky 
a fuel, if not given proper conditions, 
that it is rarely these conditions are not 
heeded. Coal is less smoky and it has 
always been burned in total disregard of 
the true principles of combustion without 
observing which, failure must follow all 
our attempts. 


ATOMIZING THE Basis oF OIL-BURNING 
SysTtEMS 

If all methods of burning kquids be 

examined, they will be found to resolve 

themselves into the one method of atom- 

izing the oil. 

three 


At present this is done by 
systems: First, by the use of 
steam; second, by compressed air; and 
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third, by the self-contained pulverizing ac- 
tion of the liquid itself forced through 
nozzles in which is inserted a spiral, to 
give a centrifugal spraying motion to the 
issuing jet. To aid the atomization, the 
liquid is better heated so that the natural 
viscocity may be destroyed; a hot oil hav- 
ing greater fluidity than cold oil. To the 
same end steam may be superheated. This 
also eliminates the bad effect of wetness. 
Excessive wetness may extinguish the fire. 
Compressed air may also be heated with 
advantage. 

Early attempts to burn liquid fuel 
showed that it could not be readily burned 
in mass or even in heated shallow troughs. 
If heated in mass and blown through by 
jets of air, it would become unmanageable. 
Finally _ the became 
general and showed that the oil is burned 


atomizing system 
to the best advantage at once on entering 
the furnace. There is no store of fuel in 
the furnace as in the case of a coal fire, 
but fuel is supplied as required, its supply 
following closely the demand for steam. 


Cavoriric CAPACITY 

The superior calorific capacity of oil 
as compared with coal is due to the ab- 
sence of non-combustible matter on the 
one part and to the high percentage of 
hydrogen on the other. Petroleums have 
an capacity of 20,000 
British thermal units, as against 15,000 for 
the best coal. 


average calorific 


When coal is burned, its hydrogen sep- 
arates from the non-volatile carbon and 
is burned separately, giving rise to much 
of the trouble which occurs in the case 
of bituminous coal. With liquids, the car- 
bon and hydrogen are both burned togeth- 
er, and if properly mixed with air and the 
temperature kept up, will burn without 
smoke. Whether to use steam or com- 
pressed air as the atomizing agent is a 
much disputed point. Steam is more con- 
venient and it is considered that steam has 
a peculiar effect upon the hydrocarbons 
which renders its use preferable to that 
of compressed air. What this action is 
has not been fully explained, but it has 
been stated that no hydrocarbon will unite 
perfectly with oxygen unless in the pres- 
ence of moisture in some form. There 
seems some truth in this, but this chemical 
effect must not for a moment be com- 
peunded with that erroneous and super- 
stitious effect which is claimed by those 
who believe that the decomposition of 
steam by the furnace heat will furnish 
oxygen to burn the fuel, and the hydro- 
gen as so much extra fuel. Needless to 
say, there can be no gain in decomposing 
steam into its elements for the sake of 
again But 
there may be advantage in using 
steam, which arises from chemical rea- 
sons, and the chief engineer of the french 
navy seems to have become favorably im- 
pressed with this argument. 

At sea, however, steam thus employed 
represents so much loss of fresh water. 


combining these elements. 


some 
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This loss is avoided when using air, and 
it is certain that air must ultimately be 
supplied to the oil, so that it is natural to 
suppose no great harm can be done when 
air is employed as the atomizer. In the 
Holden system, an injector is used which 
admits air centrally to mix with the 
steam-atomized oil farther on, the air be- 
ing conducted to the back end of the 
atomizer from a series of pipes in the 
smoke-box. Where there is a light fire 
on the grate surface composed of coal, 
and chalk or fire-brick, the ordinary brick 
arch usual in English locomotive practice 
is sufficient to secure smokeless combus- 
tion, where, however, oil em- 
ployed, it appears usual to use more ex- 
tensive linings of brick so as to protect 
the burning fuel from the coaling effect 
of the fire-box. 

In marine and internally fired boilers 


alone is 


generally, more or less fire-brick furnace 
lining will be found for the 
conservation of the of the 
burning fuel and avoidance of smoke. 

Owing to the diffusion of the fuel 
throughout the furnace, the better admix- 
ture of air and the more uniform and reg- 
ular working, the excess of air required 
above that chemically necessary, are less 
marked than in the case of solid fuels. 
This forms one of the reasons why oil 
gives effects superior proportionately to 
its calorific power as compared with coal. 
The actual ratio of air to oil is about 15 
to I, where coal requires about 11% to I. 
The large amount of air is due to the 
large ratio of hydrogen, which requires 
eight times its weight of oxygen as com- 
pared with 2/3 times required by car- 
bon. Though hydrogen possesses a calori- 
fic effect about four times that of carbon, 
its temperature effects are about equal, 
owing to the diluting effects of so much 
nitrogen and the need of so much oxygen 
to give the effect. We may in fact look 
upon the oxygen as the fuel and say each 
pound of oxygen gives so much effect 
whether burned with carbon or with hy- 
drogen. 

That liquid fuel has its uses no one will 
doubt, but those who wish to further its 


necessary 
temperature 


employment will not do so unless they are 
prepared to recognize all the circum- 
stances which bear upon the subject, the 
foremost of which is the small relative 
production of oil. Whether this propor- 
tion is going to be altered in favor of oil, 
no one can so far decide. It is not yet 
decided by what means petroleum is pro- 
duced, whether it is of mineral or vege- 
table origin, or of mineral production by 
chemical means. The volcanic theory of 
the origin of petroleum has been advanced 
recently and good evidence has been ad- 
duced in support of this view. 





It is stated that natural gas in abundant 
supply has been struck in the Riding 
mountains district of Canada; a govern- 
ment boring plant has been at work for 
some time. 
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The Performance of the Lusitania 


awaited with interest 
attained and the steam 


Everybody has 
news of the speed 
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been compiled for comparison with the 
other section to show the additional con- 
sumption of steam for auxiliary purposes 
under actual conditions at sea, with the 
ship full of passengers. An abstract from 








TABLE 1. 





Actual steam and coal consumption of main and auxiliary 
engines at various speeds under conditions prevailing on 

turbo-generators exhausting to auxil- 

iary condensers, other auxiliaries exhausting to heaters. 


ofhcial trials, viz., 





Shaft ryt er _ 13, 400 20,500 33,000 48,000 
Speed in knots.... 15.77 8 21 23 
Total consumption 

of auxiliaries in 

pounds per hour. 71,000 76,400 85,700 


Total consumption 


96,700 116,500) 


Estimated steam and coal consumption 
at various speeds, allowing for the 
additional auxiliary steam consump- 
tion found requisite under actual 
service conditions for the washing 
water supply, etc., with a full com- 
plement of passengers, weather con- 
ditions being as on official trial. 

68,850 13, 400 20,500 33,000 48,000 68,850 
25.4 15.77 18 21 2% 25.4 


93,500 100,900 112,700 127,500 149,700 

















™N 
wn 
Al 


ary machinery exhausting into the feed 
heaters, 26,000 pounds by the evaporating 
plant supplying feed make-up and wash 
ing water, and about 65,000 pounds for 


steam to the thermo tanks, galleys and 
pantries. Taking the average shaft horse- 
power at 65,000, the steam consumption 


per shaft horse-power-hour works out as 
follows: 


Per Shaft 
Horse-power- 





Hour. 
lb. Ib. 
Main turbines........ 851,500 — 13.1 
Auxiliary machinery. . 114,000 — 1.75 
Evaporating plant ‘and 
heating. . . 32,500— 0.5 
998,000 15.35 


Average amount of coal 
burnt per hour for all 


purposes. . 434 tons 
Water ev aporated per § 10.2 lb. from a feed tem- 
pound of coal. . \ perature of 196 deg. 
Water evaporated perj10.9 lb. from and at 
pound of coal. 212 deg. 
Coal for all purposes 
per shaft horse- 
power per hour 1.5 lb. 
Coal per square foot of 
grate per hour...... 24.1 Ib. 


Taking a mean displacement of 36,000 
represents at 24% knots 
hour a consumption of almost exactly 11 


tons, this per 
pounds of coal per 1000 nautical miles per 
ton of displacement. Half of the coal 
South Wales half York- 


shire, practically the same as on the offi- 


used was and 


cial trials. 





An English publication states that an 
experimental briquet plant for peat has 
been in operation at Lynnfield, Mass., for 
some time, which it is said is producing 
such satisfactory fuel that plans have been 
for the of apparatus 
capacity of 50 to 75 tons per day. 
Cur- 


prepared erection 
having a 


The process used was dinteed by E. 








of turbines in I 

pounds per hour. 284,500 353,600 493,300 668,300 879,500) 284,500 353,600 493,300 668,300 879,500 
Steam consumption 

of auxiliaries in 

pounds per horse- 

power-hour . £2 3.72 2.6 2.01 1.69 6.97 4.92 3.41 2.65 2.17 
Steam consumption 

of turbines’ in 

pounds per horse- 

power-hour...... 21.23 17.24 14.91 18.92 12.77 21.2% 17.24 14.91 18.92 12.77 
Total steam con- ’ 

sumption in 

pounds per horse- 

power-hour..... 26.53 20.96 17.51 15.93 14.46 28.2 22.16 18.32 16.57 14.94 
Temperature of 

feed-water...... 200 deg. 200 deg. 199 deg. 179 deg. 165 deg.|| 200 200 200 200 200 
Coal consumption 

in pounds per 

horse,power-hour 2.52 2.01 1.68 1.56 1.43 2.76 2.7 1.8 1.62 1.46 
Estimated coal con- | 

sumption in tons 

on a voyage of | 

3100 nautical | 

miles, allowing 20 

tons for galleys, , 

"Pe aie 2980 3190 3670 4520 5390 | 3270 3440 3930 ° 4700 5490 
consumed by the “Lusitania,” the great the engine-room log of the third voyage 
turbine-engine Cunard liner, and some _ west, from November 2 to November 8, 
impatience has been manifested at the is given in Table 2. The following par- 
closeness with which information of her ticulars of the steam consumption are 
performance has been guarded. A paper given in conjunction with the figures of 
presented by Thomas Bell, before the coal consumption set forth in this ab- 
Institution of Naval Architects, on April 
9, breaks the silence and furnishes the “awa if: 


first information available to the public. 

Qn the evening of July 27, 1907, the 
“Lusitania” pleasure 
cruise around Ireland, during which con- 
sumption trials at 18, 21 and 23 knots 
were carried out, and on July 29 a con- 
sumption trial was made, on her way back 


proceeded on a 


to the Clyde, at 1534 knots. The results 
of these trials are given at the left in 
Table 1. The coal consumed in the 50 


hours during which the engines were run- 
ning at full speed, found by meas- 
urement of the bunkers to be about 2200 
tons. This represents an evaporation of 
10.1 pounds of water per pound of coal 
from 165 degrees temperature of feed, or 
11.1 pounds from and at 212 degrees, and 
a consumption of coal for all purposes of 
1.43 pounds per shaft horse-power-hour, 
with a rate of combustion of 24.3 pounds 
per hour per square foot of grate. The 
number of stokers on watch was the same 
as in actual Atlantic service and the air 
pressure in the ash-pit did not exceed 
three-quarters of an inch of water column. 

Other trials for speed and manceuvring 
are described in the paper, but do not 


was 


deal with the coal or steam consumption. 
right-hand 


The section of Table 1 has 





TABLE 2. ABSTRACT 


OF ENG INE-ROOM LOG FOR THIRD VOYAGE WE ST: 





au EENS- 





TOWN TO NEW YORK. 















































Date when last dry docked, July 22, 1907. Mean-draft, leaving Queenstown, 33 feet 7 inches. Mean 
draft, arriving New York, 30 feet 10 inches. 
an mera : .).l@) es 
STEAM EMPER- is a t S Ss 
PRESSURES. | ATURES. e a. io.) 2 i538 
| ae | 3 a >| § 5s |S E BA 
ls.letalel2\2] 3 |48| 2] 2 | 4 /B2s 
Date, 1907. gl euit¢l )/ =<] oe] 6 = |$8 @|}gi2° 
i Me le) & a 3 G ve} St = fam} | $j cu" 
= eye) = a 3 bo 3D 3 2 18 sz 
cm > in’ ' ql = pea r.¥) ~ os Ya 4 
S |e sl siz “ & |2 = |9i|*loce 
A jme ps) ma] s R18 | ¢ \S ag 
ie “ Io && 
me Oe is _ a 
| Naut. Per | 
Lb. | Lb. | Lb.) Deg.| Deg. In. In. |Hr. M.| M. | K’ts.| Min. |P.C.|Tons. 
Noon, Nov. 3 170.0 140.0) 2.3 68 200 |28.0)30. 4| 0 52 21 |24,24/182.5,16.5) 40 
Noon, Nov. 4. 169.1/142.2)/2.2)78 197 |28.0/29.7| 24 57| 606 |24.28 182.6)16.4)1090 
Noon, Nov. 5 167.3. 140.6) 2.3)78 198 |28 2/30 O| 25 2} 616 |24.6 182.8/15.4, 1090 
Noon, Nov. 6 168.3,140.4|/2.5)70 | 196 |28.2\380.1) 24 55) 618 |24.8 |183.5)15.1|1090 
Noon, Nov. 7 168 .3)138.3)}2.2,72 | 195 |28.0)/29.6) 24 52) 610 |24.52/181.4/15.0)1090 
1:14a. m., Nov. 8..... 165.0)132.5)1.5)75 200 |27.8/29.3) 14 2) 310 |22.09 174.0)/20 2 576* 
1 j | | — = | 
ES ia cw ecuss ae ae ..J....[114 40] 2781 |4976 
Means... .|168 |139.3)2.2 74.5) 197 |28.1/29.8]... Date 24.25)181.1)15.9). 


| | 





*This includes all coal used till 10 a.m. Nov. 8 


Summary of total coal consumed on voyage: 
New York, 4976 tons; galleys, ete. 
Liverpool, till moored at wharf, 


‘ New York, 
days 18 hours 40 minutes. 


stract: Throughout the voyage a careful 
record of the feed-pump counters gave an 
average of 998,000 of 
pumped into the boilers per hour. Of this, 


about 114,000 pounds was used by auxili- 


pounds water 


-Liverpool to Queenstown, 
18 tons; total coal taken from bunker from leaving landing stage, 
5402 tons. 


408 tons; Queenstown to 


Passage —Queenstown to Sandy Hook 4 





tis McKenny, 
is stated to be a very hard briquet which 
can handled without much breaking 
and burns to a light ash, without any 
clinker and without much smoke. 


of Saugus, and the product 


be 
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POWER AND THE ENGINEER. 
The Man Behind the Screw 


It is as essential that a gunboat shall 
be able to get to the scene of conflict and 
to manceuver while there as that the guns 
shall be in operative condition and the 
men behind them trained and expert in 
their use. Rear Admiral Evans has issued 
an order inaugurating a system by which 
the engineering performances of battle- 
ships and torpedo boats shall be recorded 
on a competitive basis, much in the same 
way as records of efficiency in gunnery 
are kept. The consumption of coal and 
the performance of each vessel will be re- 
corded, and the records of all the ships 
will be checked competitively every 12 
months. This is a recognition which the 
engineering force will appreciate and an 
opportunity of which they will be glad 
Watch the 


to avail themselves. records. 





Guard the People’s Heritage 


One of the greatest opportunities for 
national socialism was lost, and one of 
the greatest grabs of grasping individ- 
ualism was consummated, when the set- 
tlers of this country allowed the coal to 
go with the ownership of the soil instead 
of conserving it for the common benefit. 
Everybody who wears cloth woven by 
steam power, or eats food transported by 
a railroad or steamship pays a tribute to 
a coal baron in consequence. 

The same error is being enacted with 
reference to the water powers. Most of 
them have had little value in the 
but extending settlement, the demonstrated 
practicability of 


past, 
electrical transmission 
and the increasing application of elec- 
trical energy are making them available 
and valuable. The State legislatures and 
the Congress 
from 


are besieged with petitions 
for 
grants in perpetuity to the rights to de- 
velop these powers and to sell their out- 
put forever to the people to whom they 


corporations and individuals 


belong. 
The 
position upon this subject in 


President has taken an advanced 
declaring 
that the vast water powers of the country 
should be kept as “the heritage of the 
people.” A counter move by Congress 
been to cut the 
Federal gagers of stream flow. abolishing 
332 gage stations in the United States. 
The New York Times comments upon 


this act editorially as follows: 


has appropriation for 


The act of the committee prevents 
the formulation of definite plans for 
the use of the people's property in 
flowing waters, of which privileges 
have heretofore been given away in- 
discriminately and in perpetuity. It 
strikes at the “consistent unified plan” 
of improving our navigable waters, 
for which President Rogpsevelt de- 
clares there is “erying need.” Power- 
ful interests are bent upon getting ab- 
solute control of the water powers on 
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great watersheds. The public will 
read with interest, we think, the argu- 
ments which certain members of the 
House may urge against restraining 
this necessary appropriation for the 
gaging of streams, and against other 
appropriations for appraisal ‘of natural 
resources—in all $350,000—of which 
the committee has seen fit to deprive 
the Geological Survey. 





Combined Reciprocating Engine 
and Turbine Station 


The best reciprocating engine cannot 
expand the steam to much more than 
twenty times its original volume, with 
out, on the one hand, limiting the 
unit disastrously in capacity, or, on the 
other, involving a low-pressure cylinder 


of impracticable dimensions. With the 
high pressures and high temperatures 
now available, the residual energy of 


steam expanded only to this extent is too 
great to ignore. 

The steam turbine on the other hand. 
with dimensions which are entirely prac 
ticable and with extreme simplicity, ex- 
pands the steam to the pressure existing 
in the condenser. Steam of two hundred 
pounds initial pressure may be expanded 
to a terminal of one pound without en 
countering practical difficulty, so far as 
the size of the unit or the obtaining of 
sufficient area for the flow is concerned 

In the high-pressure range, where the 
greatest differences in pressure exist to 
induce leakage, where the steam is dens- 
est, so that leakage means the most, and 
the greatest amount of power is required 
to whirl the rotating members through 
the dense medium, the reciprocating’ en 
gine has the turbine at a disadvantage. 
and there is little doubt that there can 
he more energy got out of a pound of 
steam between one hundred and fifty and 
two hundred pounds, absolute, and one 
or two atmospheres, by 
than by a turbine. 

Professor 


a piston engine 


Rateau has long advocated 
the combined use of reciprocating engines 
and turbines. His work has been special 
ized along the lines of his accumulator or 
regenerator for making the intermittent 
output of reversing engines, etc., avail 
able for the continuous operation of tur 
bines, but as we understand it, he advises 
the principle generally. Hon. C. A. Par 
sons, C. B. F. R. S.. D. Se, M. A. and 
R. J. Walker, in a paper recently pre 
sented to the Institution of Naval Arch 
itects, outlined some of the advantages of 
the arrangement, ‘and acknowledged that 
an all-turbine arrangement has never 
heen advocated by them for ships where 
the designed speed falls below fifteen or 
sixteen knots, excepting in some special 
cases, such as yachts, and that for vessels 
of moderate or slow speed the combina- 
tion of machinery appears to be eminently 
suitable. 
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We have several times suggested this 
There 
are stations in which the combination is 
in use through the addition of low-pres- 


combination for a power station. 


sure turbines to reciprocating engines al- 
installed. But 
initial 
operating advantages and efficiency which 


ready how would a 


sta- 
tion compare in cost, simplicity, 
was composed of a line upon one side of 
compound engines of, say, the Manhattan 
type, exhausting through a boiler room 
to a station on the other side composed 
of a line of low-pressure turbines; the 
steam in its the boiler 
room to be dried out and perhaps super- 
heated by the flue gases? 


passage across 
Is it not pos- 
sible that the combination would present 
some advantages as against an all-turbine, 
or an all-engine station? 





Engineers’ License Law 


There seems to be a misunderstanding 
on the part of a large number of corre- 
spondents the held 
PoWER on engineers’ license laws. This 
publication is not opposed to intelligent 
license legislation, and in its editorial col- 
umns will be found urgent, earnest argu- 


as to position by 


ments in favor of such legislation. The 
engineer needs it; the manufacturer 
needs it; public safety demands it. It is 


the abuse of the service that is objected 
to by all. As a matter of 
it should be expected that 
intrusted 


common sense 
a man who is 
to be with the operation of 
apparatus that may even possibly become 
dangerous should demonstrate his fitness 
for the trust and his ability to operate 
such apparatus. This demonstration should 
be made complete and before a board or 
committee of men who have the welfare 
of the public at heart, and not before men 
who think that their chief qualification for 
holding such a position is that they “look 
The head of 
the inspection department should be filled 
by a man chosen for his ability in engi- 


good” to the political boss. 


neering lines and not as a reward for poli- 


tical either 


services, past or promised. 
His associates or subordinates should be 
chosen for the same reason, and some 


means of compelling these men to demon 
strate their fitness for the positions should 
be adopted. 

For 
ceived 


been re- 
the 
by 


some years letters have 


from engineers criticizing 


examination questions propounded 


examiners. Some of these questions are 
so highly technical that correct answers 
could be given only by those who had 
the 


use 


memorized solutions, or 
were allowed the 
and when 
rectly, the solution carries no evidence of 
the ability of the applicant to operate 
safely even a swill-cooking boiler. The 
only reason for the existence of an exami- 
ner of engineers is his supposed ability 
to determine whether an applicant for 


previously 


who of reference 


books, solved, however cor 
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liceitse is an engineer, and the necessity 
for mathematical gymnastics and intellec- 
tual obstacle races is not apparent. Power 
has no quarrel with the law; but with 
the farcical administration of the law, it 
has a cause for just criticism. 

As implied, it is not the fact of license 
laws to which exception is taken, but the 
the that 
It is not surprising that polit 


flaws in laws allow abuses to 
creep in. 
ical preferment should in some cases be 
considered of more importance than merit, 
but the cases should not be in the appoint 
ment of examiners of engineers, nor of 
Whether the candidate 
is qualified can be easily determined by a 
set of questions which deal only with the 
safe operation of steam machinery, with- 
out the introduction of mathematical calis 
thenics or labyrinthine excursions into the 
hazy realms of theory. 
engine designers, who are paid for their 
technical knowledge skill a 
equal to that of half a dozen inspectors, 
fail to agree upon the utility of 
special feature of engine design, by what 
right can the man who expects only to 
operate an engine be denied the privilege 


boiler inspectors. 


So long as steam 


and salary 


some 


because he cannot determine by telepathy 
or some other mental process the inspec 
tor’s opinion on the matter? Prospec 
tuses of a certain engineers’ school state 
that experience in steam engineering is 
not a necessary qualification for a man to 
One 
graduate of this school becomes an in 


obtain a license in a certain State. 


spector and turns down an engineer of 
wide experience and recognized ability all 
over the country, a man whose opinions 
were treated with respect and attention by 
such men as George Corliss and Edwin 
Reynolds, and who was denied by the in 
spector the use of algebraic formulas in 
determining the area of the segment of a 
the of the State pre- 
scribed that a formula shall be 
used for this purpose. When cases of this 
be the 


circle, while law 


certain 
inference? 


kind occur what must 





Defective Boiler Tubes 


The daily papers and the reports of the 
lately 
contained allusions to a remarkably large 


boiler-insurance companies have 
number of accidents to water-tube boilers 
through the failure of the tubes. It is 
not long 


against one of the leading manufacturers 


since charges were brought 
of such tubes for trying to work off a 
lot of imperfect material upon the Gov- 
ernment. Is it possible that the imper- 
fect material rejected by the Government 
was served upon an unsuspecting public; 
or was the steel industry in so bad a con- 
dition that boiler makers were being sup- 
plied with tubes which ought to have been 
that the 
know 


claimed 
did 


It would be inter- 


condemned, as it was 
Government but 


enough to find it out? 


was, not 


esting to follow up the origin and history 
of some of the tubes which have failed. 






Boiler Construction 


Lap Seam 


The objection to a lap-seam boiler con 


struction is based not on the lack of 
strength of this form of seam when new, 
but that it causes a bending at the outer 


row of rivets at every change of pressure. 
The ends of the lapped sheets attempt to 
get into the line of strain and this attempt 
causes a bending of the sheet which finally 
starts a series of cracks along the line of 
rivets. 


These cracks go deeper at every 


flexure and finally the seam “lets go,” and 
invariably in the same place, along the 
of The fact that it 
is impossible to determine whether the 


second row rivets. 
joint is safe makes it unsafe. 

A stronger form of lap seam, treble- 
riveted, with inside cover plate or strap, 
has been suggested as a substitute for the 
While this of 
joint is unquestionably stronger than the 


regular lap seam. form 
joint without the strap, it leaves the cause 
And 


finally when it is considered that in boiler 


of danger just where it was before. 


construction of safe form the first cost is 
less than that of a boiler of equal strength 
with the lap-seam joint, all excuse for the 
manufacture and sale of the lap-seam type 


disappears. 





The New Canadian Coalfields 


Most Americans who read about the 


great of 
vealed by a landslide near Alberta canon, 


mountain anthracite coal re- 


in the Canadian Northwest, were doubt 
less surprised at this report, and many 
may question its accuracy, says the New 
York Tribune editorially. There is good 
reason, however, to accept it at face value. 
the 


conducted — by 


and 


Geological surveys 


Canadian government various pri 
vate parties have disclosed the fact that, 
the of the 


Rockies in the province of Alberta, there 


on eastern slope Canadian 
exists an undeveloped coalfield probably 
the State of 


Should only a fraction of 


much larger than entire 
Pennsylvania. 
the deposits prove to be high grade and 
accessible, the vast northwestern districts 
of both Canada and the United States 
would be greatly benefited. In combina- 


the of 


mountain streams out there, the coal sup- 


tion with enormous water power 


ply may, at some distant day, fill those 
grain. cattle and timber lands with flour 
canning factories 


mills, packing houses, 


and lumber mills. 





The experience of the Boston Elevated 
Company 
stations 


Railway with producer-gas- 


operated appears to have’ been 
satisfactory, as it is said to have under 
kilowatt 
capacity, the design of which is in the 


hands of Stone & Webster. 


consideration a plant of 10,000 
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Power Plant Machinery and Appliances 


Original 
No 


Descriptions 
Manufacturers 


of 
or 


Cuts 


Power 
Write-ups 


Devices 


Used 





The Hawkes Boiler 


The Hawkes boiler is a combination of 


the horizontal return-tubular and _ the 
water-tube types. The lower or water- 
tube member consists of two rows of 


water-tubes (see Fig. 1), the upper row 
connecting into a front water-saddle at 
the forward end of the tubular boiler and 
with the water-leg at the rear; these 
tubes being covered with a special tile or 
split the forming a 
covering or roof and preventing the hot 
gases from coming in contact with the 
shell of the tubular member. The water- 
tubes in the lower row connect into the 
rear water-leg and into a series of steel 
box-headers at the front end, which are 
in turn connected to the front head and 
saddle by means of independent arch or 
circulating tubes. 


fire-brick on top, 


The upper tubular boiler is made of 
60,000 the 
riveted joints and shells being designed 
on the basis of a factor of safety of five. 
The tubes are expanded and beaded into 
the heads and liberal manholes and hand- 
holes are provided. 


tensile-strength flange steel, 





MUST BE NEW OR 


of the tubular boiler. 
are provided opposite each tube, giving 






Hand-hole plates 


INTERESTING 





sion plugs, placed opposite each tube, thus 
eliminating 


the need of gaskets. The 

















FIG. 1. 




















FIG. 2. 


The front water-saddle and rear water- 
leg are made without riveted joints, ex- 
cept where they are attached to the shell 





HAWKES BOILER WITH 


BRICK SETTING 
for cleaning and -renewal. ‘The 
legs are provided with stay-bolts...The 
front saddle is provided with compres- 


access 





SKELETON VIEW OF HAWKES BOILER 


lower water- 


for the 
tubes are made of flowed steel, the bear- 
ings for the hand-hole plates being faced 
on the inside to insure perfect contact for 
the gaskets. 
ently 
boiler, 


front box-headers 


Each. header is independ- 
connected to the upper tubular 
with extra-gage or thickness of 
circulating or arch tubes, causing the cir- 
culation of each tube to be taken care of 
independently and 
passing of the water. 
The 


The colder water passes down the rear 


preventing any  by- 


water circulation is as follows: 
water-leg into the water-tubes, which are 
inclined upward toward the front end of 
the boiler. The water passes upward and 
forward through these tubes in the same 
direction as the travel of the gases into 
the front water-saddle headers and cir- 
culating tubes into the front end of the 
upper tubular and to the 
through the tubular boiler, depositing th« 
scale on the bottom of the shell of the 
upper tubular member, from any 
fire action: this rapid circulation is said 
to keep the lower water-tubes free from 
scale. 

The boiler cast-iron columns 
beneath the corners of the front water- 
saddle and rear water-leg, supporting the 
boiler entirely independently of the brick 


boiler, rear 


away 


rests on 
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setting (see Fig. 1), relieving all the 
weight from the brickwork and all ex- 
pansion strains from the masonry walls; 
the brickwork required being less than 
one-third of that of the ordinary tubular 
or water-tube boiler. 
tend to the top row of the upper water- 
tubes, and the rear wall to the bottom of 
the rear water-leg, the front expansion 
chamber between the front and 
front head of the upper tubular boiler 
being cased with steel casing lined with 
fire-brick. shows the brick setting. 

The rear supporting column is provided 
with expansion plates, rollers support the 


The side walls ex- 


boiler 


Fig. 2 


rear water-leg, and the front water-saddle 
rests the front 
being taken care of to the rear of the set- 


on columns, expansion 
ting and away from the masonry walls. 
The lower to the 
front, the box-headers being mounted on 


water-tubes expand 


expansion plates. These lower water- 
tubes will not sag on account of the ex- 
treme high temperature of the furnace, 
it is claimed, and they are flooded at all 
times. 

The furnace is of the reverberatory-arch 
or dutch-oven type, the arch being self-con- 
tained, and consisting of a series of inter- 
locking tile carried on the lower row of 
water-tubes extending well back of the 
bridgewall. This arch dips downward 
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are equally distributed through the tubes 
of the upper tubular member. This for- 
mation is designed to promote combus- 
tion and reduce smoking to a minimum. 

The tubes the tubular boiler 
are accessible for either cleaning or re- 
newal; the lower water-tubes are also ac- 
from the the 
boiler being provided with a removable 
panel at the front, giving access to hand- 
holes. The upper shell for its full length 
is jacketed with asbestos or other non- 
conducting material, as shown in Fig. 2, 
not being incased in masonry walls, and 
the shell being accessible from the side 


of upper 


cessible front and rear, 


and rear, in consequence of which hid- 
den leaks and corrosion to the plates can- 
not exist undetected. 

The outlet 
the rear of the boiler, where it 


at 
be 


smoke or connection is 
can 
taken in any direction, or into a duct or 
flue beneath the floor, to the stack. 

The built 
steel-jacketed casing, Fig. 3, lined 
tile insuiated from the casing with non- 
conducting material. 

The boiler, as can be seen, is adaptable 
to the conditions of low head-room and 


boilers are likewise with a 


with 


The travel of 
gases being practically three the 
length of the shell permits of building 
short. boilers and giving an equal or even 


limited length and width. 
times 

















FIG. 3. 


over the grates toward the rear, the prod- 
ucts of combustion coming in direct con- 
tact with the heated arch, as well as the 
furnace brickwork and the _ bridgewall 
over which the gases travel into an ade- 
quate combustion chamber to the rear of 
the bridgewall, before reaching the con- 
duit or passage formed between the top 
of the arch over the grate and the roof or 

vering of the upper tubes to the front 
end of the tubular boiler, where the gases 
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greater length of passage of products of 
combustion. This boiler is constructed by 
the Traylor Engineering Company, 2 Rec- 


tor street, New York City. 





It is said that a project is on hand for 
installing a large gas-producer and en- 
gine plant in Rhode Island to use the 
low grade of coal produced in that State, 
and which cannot be profitably employed 


under steam boilers. 
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A New Flange Packing 


A new flange packing, which has been 
placed on the market by Holland & Grey, 
217 North Sixteenth street, Philadelphia, 
Penn., is shown in the accompanying il- 
This the 
“National” safety 


lustration. gasket, known 


as 
gasket, is constructed 
of copper and asbestos. The asbestos is 


held in place by two copper rings, the 

















THE “NATIONAL” SAFETY GASKET 

wide flanges alternating. This protects the 
inside and outside edges by copper, re- 
the liability of blowing out, and 


a copper and asbestos bearing on 


duces 
forms 
the flange surface, which cannot spread. 

The asbestos is protected from coming 
in contact with the steam and is said to 
be not only able to withstand high tem- 
perature and pressure, but is so elastic as 
to make a perfectly tight joint against 
and of 
pipe lines, as well as to prevent leakage of 
steam or condensation. 

These gaskets are made of a size to 
permit of going inside the bolt-holes for 
standard and extra-heavy flanges. 


expansion, contraction vibration 





New Uses for Peat 


The State geologist of Michigan, Alfred 
C. Lane, in his annual report for 1907, has 
the following to say regarding the uses to 
which peat is put, other than for fuel: 

The 


paper, 


more fibrous make good 


and the 
at Capac, making paper for cartons, boxes 


peats 
Pilgrim Paper Company, 
for tacks, etc., is understood to have its 
This 
the built-up bogs, due perhaps to the suc- 


output entirely engaged. is one of 
cessive elevation of the beaver dams, and 
for such use too great decomposition is 
not desirable. 

A paving block has been made in New 
Jersey by the Pompton Peat Fuel Com- 
pany of the more decomposed, ground-up 
and compressed peat. It should not be 
forgotten that once dried, peat becomes 
insoluble. 

But the most interesting use is a fertil- 
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izer filler—as an absorbent of stockyard 
This use bids 
Not only 
does the great absorbent and antiseptic 


and slaughter-house waste. 
fair to have a wide application. 


power of the peat enable the fertilizer to 
be put on the market from four to six 
weeks sooner than otherwise (a sample 
with 83 per cent. may appear dry), ,but 
its own material of 
value to the soil, humus, and C and N. 
Just this worth to the 
farmer, and in particular just how far the 


composition adds 


how much is 
nitrogen, which may run up to 3 per cent. 
in a dry-feeling peat holding 83 per cent. 
vater, is in a form that is worth paying 
for is a point upon which the agricultural 
college experimenters are at work. It is 
difficult to distinguish by the 
nitrogen from cottonseed meal, hoof meal, 
tancage, etc., from that of peat. No doubt 
they will also try if some bacterial fer- 
mentation to make it more available ‘can- 


analysis 


not be devised. Freezing and thawing is 
said to make the nitrogen more available. 
In time, no doubt, with the approaching 
exhaustion of our timber the 
nianufacture of peat, coke and fuel gas 
will commercially realized 
abroad. It would seem also that concerns 


resources, 


be here as 
using marl for cement could well consider 
utilizing the peat which so often overlies 
it in one of the several ways mentioned. 





Business Items 


The Northern Engineering Works, of Detroit, 
has furnished the Mammoth Copper Mining 
Company, Kennett, Cal., a 15-ton, 48-foot 
span Northern traveling crane. 


of 


The district office maintained by the Allis- 
Chalmers Company at San Francisco, in charge 


of H. D. Seribner, has been removed from 
the Atlas building to the Phillips building, 
599 Mission street. 

The Standard Gauge Manufacturing Com- 


pany, of Syracuse, N. Y., makers of indicating 
gages for all purposes, has removed its New 
York branch from 141 Broadway to room 1770 
Hudson Terminal buildings. 


The Liberty Manufacturing Company, Pitts- 
burg, Penn., has purchased the business of 
Greenaway & Company, of Detroit, Mich., 


and will manufacture and fill orders for steam, 
oil, ammonia and air separators, under the 
Greenaway patents. All and types of 
separator will be made to suit any conditions. 
On May 1 the Chicago office of the Ohio 
Brass Company, the main offices and works 
of which are located at Mansfield, Ohio, will 
be removed to 508 Fisher building, corner of 
Dearborn and Van Buren streets, just one block 
north of the present location at 321 Dearborn 
street. On May 8 the New York office of the 
Ohio Brass Company will be removed from 
its present location in the Wall street Exchange 
building to: room 1022 of the new Cortlandt 
building, Hudson Terminal, 32 Cortlandt street. 


The American District Steam Company, of 
Lockport, N. Y., will have an exhibit at the 
convention of the National Electric Light 
Association to be held in Chicago during the 
week of May 18. This company has had more 
than thirty-one years’ experience developing 
every detail of the operation of both live- and 
exhaust-underground steam-heating systems will 
be explained by the company’s engineers and 


sizes 
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representatives who will be in attendance 


at the exhibit. 


The Standard Cast Iron Pipe and Foundry 
Company, Bristol, Penn., a new concern, is 
rushing its buildings to completion. It is 


expected to start operations in the loom foundry 
about May 1. This building is equipped with 
a 50-ton cupola and one 30- and four 5-ton Niles 
cranes. The power-plant machinery is now being 
in stalled by the Robert Wetherill Company, 
Chester, Penn., and consists of one automatic 
compound engine, two 250-horse-power Weth- 
erill-Corliss engines, two 150-kilowatt generators, 
one 100-kilowatt generator and four Edge Moor 
water-tube boilers. 


The Murray Iron Works Company, of Bur- 
ington, la., has made a hit by issuing a 
pamphlet containing, besides handsome half- 
tone illustrations of the different types of en- 
gine which it makes, outline drawings of the 
same engines, with each of the parts plainly 
marked with the name by which the com- 
pany is accustomed to designate it. As their 
practice in this conforms with ord- 
inary usage, the book an index cof 
“The Nomenclature of the Corliss Engine.” 
by which title it is appropriately designated. 
It may be had free upon application. 


The Triumph Ice Machine Company, Cin- 
cinnati, O., announces the opening of a branch 
office in Atlanta, Ga., at 4220 Brown-Randolph 
building, with Milton W. Arrowood in charge. 
Beginning April 1, all business of the company 
in the Carolinas, Georgia, Florida and the north- 
ern part of Alabama will transacted from 
this office. Mr. Arrowood is a Southerner and 
brings to his new work a knowledge of Southern 
conditions gained first in the field of practical 
ice-plant operation and later in consulting work. 
It is believed that with the central location of 
the Atlanta branch office, the transaction of the 
company’s business in the southeastern terri- 
tory will be greatly facilitated. 


The 


respect 
becomes 


be 


Canton-IIughes Pump Company, of 
Canton, Ohio, recently shipped Swift & 
Company, St. Joseph, Mo., two duplex: low- 
service pumps, making a full carload. These 
pumps are intended for the Swifts’ large 
packing plant at that point and have a 
pacity of: three million gallons each 
twenty-four hours. This company se- 
cured a contract to furnish a 16 and by 
12x24 high-duty, crank and fly-wheél, cross- 
compound pumping engine, with surface con- 
denser, so the Frankfort Water Works Com- 
pany, Frankfort, Ind.; capacity, 3,000,000 
gallons per day. <A contract was also secured 


to 


ca- 
in 
also 


or 


=a/ 


to supply the Ohio Salt Company, Rittman, 
Ohio, a 16 and 8 by 24 duplex outside 
center-packed pump. ‘The officials of this 


company report a nearly normal demand for 
its product. 


H. Addison Johnston, Toronto, Can., 
soon to make arrangements with manufac- 
turers for the building of crude-oil engines, 
under his patents, in the United States, England 
and other countries. These engines run on 
any kind of crude or fuel oil. It is intended 
to divide the oil-engine business in the United 


expects 


States into eight lines, viz., small stationary 
engines, up to 50 horse-power; large stationary 
engines, over 50 horse-power; small marine 
engines, up to 100 horse-power; large marine 
engines, over 100 horse-power; traction and 
portable engines, automobile engines, rail 
motor-car engines and locomotives. It is 


the intention to maintain a staff of engineers 
and to design all engines at headquarters to 
insure that the engines will be kept up to stan- 
dard and that will have the further 
protection of all patent son improvements made 
from time to time. 

The Allis-Chalmers Company recently made 
the following important sales: To the Wash- 
burn-Crosby Company, of Minneapolis, an Allis- 
Chalmers steam turbine and generator of 1500 


licensees 


kilowatts capacity, or about 2000 horse-power, 
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to generate 3-phase 60-cycle alternating current 
at 480 volts, for operating induction motors. 
The turbine operates on steam at*180 pounds 
gage pressure and is designed for a speed of 1800 
revolutions per minute. It will be run con- 
densing. The Lehigh Valley Coal Company, 
Wilkes-Barre, Penn., purchased for use at the 
Doerance colliery an Allis-Chalmers mine-ven- 
tilating outfit, comprising a fan 28 feet in outer 
diameter and 7 feet 8 inches wide, and a 24x48- 
inch Allis-Chalmers heavy-duty Corliss engine 
to operate it. This fan is a duplicate of two 
which have been in continual operation for 
several years at the Henry colliery of the Lehigh 
company. ‘They are of the double-intake 
center-draft type. 


One of the most noteworthy developments 
in the history of mechanical progress during 
the past few years has been the constanily 
increasing use of compressed air for a great 
variety of purposes. In many cases it 
been found advantageous and much more 
economical to use an air compressor that can 
be brought directly to the work, instead of 
remaining stationary and having its product 
transmitted from a distance through pipes or 
flexible tubing. One of the most serviceable 
and compact machines of this character is 
the portable air compressor manufactured by 
the Allis-Chalmers Company. These com 
pressors are built for capacities of 11, 16, 
20 and 50 cubie feet of free air per minute. 
Each constructed throughout with suf- 
ficient strength to withstand a working pres- 
sure of 100 pounds per square inch. <A 


has 


is 


com- 


plete description is given in the company’s 
bulletin No. 1513. 
During the past few weeks the General 


Electric Company received several large in 
dividual orders, the first large contracts booked 
for some time. The 
nearly $1,000,000 of 
ment ordered by. the Chicago Railways Com- 
pany. This order comprises .in part over 
500 four-motor car equipments. Another im- 
portant order for over $200,000 of electrical 
equipment has just been placed by the Com- 
panhia Docas de Santos, the largest dock 
company in Brazil. The United States Gov- 
ernment has placed an order for about £200,- 
COO of equipment for the Panama 
other important orders have been 
the New York Central and the Interbovough 
Rapid Transit Company. As a result the 
improved outlook produced by this infinx of 
new business the Schenectady works will re 


new 


street 


business includes 
railway equip- 


canal, and 


given by 


sume operation at full time and with some 
increase of forces. 

The Bethlehem Steel Company announces 
that in addition to its present line of heavy) 


hydraulic presses of all descriptions, pu:nping 
engines, large machine tools for special purposes, 
ete., it has engaged in the business of manufac- 
turing power-producing machinery of the 
internal-combustion or steam-turbine type. 
In this line of work the three essentials are 
material, workmanship and engineering ex 
perience. the Bethlehem Steel Company 
is the only American concern in this line of 
business, which combines a large steel plant 
with a great machine shop, and the company 
controlling its ore deposits, with its experience 
in the. manufacture of all grades of steel, iron 
and alloy products, it is in an ideal position for 
the selection of materials and control of cach 
step in the process of manufacture. The char 
acter and amount of work done by the Bet!i- 
lehem Steel Company for the Government hav: 
given it a reputation for fine workmanship 
The power department will be controlled »b 
Arthur West as manager, whose engineering 
experience in this line is all that could be desired 
He has been, successively, assistant chief eng 
neer of the Allis-Chalmers Company, manager 
of the pumping-engine department of tlic 
same company, and for the Jast four years 
chief engineer of the Westinghouse Machin: 
Company. 


As 
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Construction Details of a Reaction Turbine 
Blade Material and Hight; Clearance, Radially and Avxially; the 


Design of Balance Pistons and Steam Passages; Bucket Losses 





BY 


BLADE MATERIAL 
In regard to the materials used in the 
manufacture of blades, E. M. Speakman 
says: 
“The material of which blades are usu- 
ally made is a mixture of cheap brass 
containing about 16 per cent. of copper 


HENRY 


r. 


used in the United States with fairly 
good results. The process of drawing 
turbine blades gives a tough skin to the 
metal used, not only increasing the ten- 
sile strength, but greatly decreasing the 
chances of erosion. 
“The chief causes of 


blade stripping 


SCHMIDT 


from Small vibra- 
tions of high frequency occasionally set 
up an action in certain rows of responsive 
length that fatigues the blade material and 
the blades without any 
fouling at all.” 

The 


preventable causes. 


causes loss of 


Westinghouse Machine Company 











FIG, 


and 3 per cent. of tin. Alloys containing 
zinc are extremely unreliable for high 
temperatures, but blades containing about 
g8 per cent. of copper have been found 
very satisfactory for use with high super- 
eats. Steel blading, drawn in the same 
way as the usual brass section, has been 





LOWERING SPINDLE OF 5500-KILOW ATT TURBINE INTO CASE 


may be set down to bad workmanship in 
fixing the blades, defective blade material, 
cylinder 
of turbine spindles, wear of bearings, and 


excessive distortion, whipping 
the introduction of extraneous substances, 
fact, blade 


said to occur generally 


such as water or grit. In 


stripping may be 


blade material 
Westinghouse 


recently introduced new 


which is now used im all 


turbines. It is a copper-coated steel blade, 
or, as designated by the builder, “Monnot 
metal,” in which the copper coating (seen 
welded to the 
thoroughly that the blades can be 


in Fig. 4) is chemically 


steel so 
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drawn to the desired shape from the 
original ingot, without weakening the 
union between the copper and steel. The 
process of drawing makes the copper 
coating somewhat thicker at the inlet and 
outlet edges of the blade, though the re- 
maining portions of the blade surfaces are 
coated with an absolutely uniform thick- 
ness of copper. The only portion of the 
blade where’steel is exposed, is the small 
surface of the tip of the blade where, 
however, corrosion is not the least detri- 
mental, for should the tips corrode, the 
copper coating would still remain intact, 
thus leaving the working blade surfaces 
untouched and the blade clearances un- 
altered. 


CYLINDERS 


Space does not permit of more than 
passing reference to cylinders, but it 
would be difficult to exaggerate the im- 
portance of very careful design in this 
connection. Cylinders with heavy flanges 
on the center line distort in a very curi- 
ous fashion when heated with their axes 
horizontal, and measurements taken of 
a hot cylinder on a surface-plate with 
micrometer gages reveal some remark- 
able facts. When working, the tempera- 
ture along the cylinder falls possibly from 
40o degrees to 100 degrees Fahrenheit in 
a distance of 6 or 8 feet, and, unlike the 
reciprocating engine, this remains con- 
stant. The radial expansion is conse- 
quently more at one end than the other, 
while at any point along the turbine the 
tendency is to expand less at the flanges 
than at the top and bottom. For this 
reason, ample clearance must be allowed; 
exactly what this will be when the spindle 
and cylinder are hot is hard to say, but 
it seems most likely that the total clear- 
ence area will differ but little from what 
it is when cold. 


CLEARANCES 


Axial clearances between the adjacent 
rows of blades vary from 1/8 to % inch 
from the high-pressure end to the low- 
pressure end of the turbine, and also vary 
with the length of the blades, generally 
about as shown in the accompanying ta- 
ble of standard blade dimensions taken 
from a paper by E. M. Speakman. This 
table relates more particularly to marine 
practice, but differs little from that found 
in turbines for electrical service except- 
ing that in the latter case blades over 12 
inches in length will seldom be found; and 
while the shortest blades in electrical tur- 
bines are usually % inch wide, blades less 
than 3% inch wide are, to the writer’s 
knowledge not used in marine turbines. 

In regard to the width and axial clear- 
ance of blades, especially at the high- 
pressure end, it may be said that it is 
advisable to keep them down as much as 
possible, as a shorter, cheaper turbine 
results, and the reduced length of the 
high-pressure rotor materially stiffens the 
rotor from “whipping.” 
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The radial clearance between the bal- 
ance-piston rings and the shell is gener- 
ally from 0.0075 to 0.02 inch, depending 
upon the diameter. An axial clearance of 
from 0.015 to 0.035 inch will usually be 
sufficient if care is exercised in the de- 
sign and proper allowances are made for 
any unequal expansion and contraction. 
The balance-pistons are placed at the 
high-pressure end of the turbine, and 
therefore to avoid as far as possible any 
errors in the axial clearances due to un- 
equal expansion and contraction, the 
thrust-bearing is placed at the high-pres- 
sure end, which is thus the fixed point, 
relative to which all expansion takes 
place. Fig. 2 is a view of the lower half 
of a 5500-kilowatt Westinghouse-Parsons 
turbine. 

One of the construction details shown, 
worthy of careful attention, is the arrange- 
ment of the admission steam spaces or 
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and balance-piston, and numerous interest- 
ing structural details are clearly shown. 


WaTER SEALS 


In order to prevent leakage of air into 
the condenser, the space around the shaft 
at each end where it enters the turbine 
must be carefully packed; but since any 
form of contact packing is prohibited by 
the high speed, a special packing arrange- 
ment has been designed. This device, 
which is shown in detail in Fig. 3, con- 
sists of a disk having blades on both 
sides similar to those employed in centri- 
fugal pumps, and in addition to this, six 
or eight rings are turned on the hub of the 
disk. 

This impeller runs in the recess shown 
in the gland in Fig. 2, and steam tightness 
and air tightness are secured by supplying 
the recess in which the impeller runs with 
water under pressure. 





Se OE 


FIG. 2. SPINDLE AND LOWER HALF OF CASING 


steam chests. It will be seen that the 
steam chests surround the first and second 
step shells, which are supported by. webs 
to give the requisite rigidity. This con- 
struction materially shortens the spindle 
and turbine, which is also shortened by 
placing the bearing at the low-pressure 
end in a recess in the exhaust chamber. 
The seats for the water-sealed glands 
with the external leak-off space and the 
spherical seats for the self-alining bear- 
ings are also clearly shown. 

A further examination of the shell 
shows that it is cast in two parts, bolted 
together except at the flanges, where the 
bolts are replaced by arrow-heads shrunk 
in recesses in the flanges. 

A side view of the turbine is shown in 
Fig. 1, taken when the spindle was being 
lowered into place. The threst-collars at 
the high-pressure end of the shaft, equal- 
izer pipe between the third step admission 


The action of the device is as follows: 
Water under pressure is supplied to the 
periphery of the impeller and tends to 
flow toward the shaft, but is almost totally 
prevented from reaching the shaft because 
of the pumping action of the impeller 
which opposes the pressure under which 
the water is supplied. Thus, the water is 
always maintained at the periphery of the 
impeller and prevents the escape of steam 
or the entrance of air to the condenser 
The pressure of the water is maintained 
sufficiently great so that there is a slight 
leakage at the shaft, which is, however, 
reduced by the rings on the hub of the 
impeller. 

Since the pressure within the turbine 
casing is generally below that of the 
atmosphere, it seems that there might 
be a considerable advantage in making 
the impeller blades somewhat longer on 
the inside than on the outside of the 
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disk, since this would prevent excessive 
leakage into the turbine casing. While 
the leakage into the shell is not serious, 
it is annoying in cases where only water 
containing a large amount of incrusting 
solids is available for the glands, since 
the temperature in the exhaust passages 
is sufficiently high to throw down some of 
the solids, which are then deposited in the 
shell and on the low-pressure end of the 
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quently water-jacketed. The oil is circu- 
lated by a small pump driven by worm 
gearing from the main shaft, which takes 
the oil from a reservoir in the base of 
the turbine, forcing it through pipes to 
the various bearings and thrust-bearing, 
whence the oil returns by gravity to the 
reservoir. The reservoir oil is constantly 
cooled by a supply of water which passes 
through a copper coil. 


STANDARD BLADE DIMENSIONS. 





| 
Inches. Inches. Inches. Inches. Inches Inches. Inches. Inches. Inches, Inches./|Inches. 


| rer ee %-1 1 2 3 6 8 10 12 15 | 18 
Ne 0.256 0.375 | 0.375 0.50 0.50 0.625 0.625 0.75 0.75 1.0 | 1.0 
Axial pitch..... | 0.75 1.125 | 1.125 1.25 1.625 1.75 2.125 2.25 2.5 2.625 | 3.125 
Axial clearance.|: 0.125 0.3125 0.375 0.4375 0.50 0.50 0.5625 | 0.5625 


0.1875 | 0.1875 0.25 


spindle and low-pressure balance-piston. 
This deposit may cause the spindle to get 
out of balance, and thus necessitate open- 
ing the turbine to remove the scale. 


BEARINGS 
Owing to the high speed at which tur- 
bines operate, the bearings require special 
attention. In the larger turbines, solid, 
split, engine-type bearings are employed; 





FIG. 3. CENTRIFUGAL-PUMP IMPELLER USED 
TO PREVENT LEAKAGE IN WATER- 


SEALED GLANDS 


dut it is necessary to make special pro- 
vision for furnishing them with an abun- 
dant supply of cooled oil under slight 
oressure to insure a proper supply of 
oil at all times and also to conduct away 
the heat, which would otherwise rise 
abnormally high. The temperature of the 
bearings should not ordinarily rise above 
140 or 150 degrees Fahrenheit, and to in- 
bure cool running, the bearings are fre- 





In the smaller turbines running at over 
3000 revolutions per minute, a flexible 
bearing is employed. This consists of 
a solid bronze bearing having a lug at 
one end to keep it from turning. The 
central bearing proper is surrounded by 
three concentric bushings fitting over each 
other with a play of about 0.002 inch all 
around, giving a total play between all 
the collars of about 0.012 inch. These 
spaces between the collars fill with oil and 
though they do not then permit a play 
exceeding about 0.006 inch, the oil cush- 
ion materially reduces vibration. 

In designing the bearings, the required 
projected area can be found by making 
the product of the surface velocity in 
feet per second and the pressure per 
square inch of projected area equal to, 
or less than 2500. Though the constant 
is often as high-as 2700, it is desirable to 
keep it below 2500 if possible. Since the 
rubbing velocity is often around 50 feet 
per second, the above rule limits the 
bearing pressure to about 50 pounds per 
square inch of projected area. 

The thrust or adjustment block should 
be designed in such a manner that the 
greatest probable unbalanced thrust will 
not give a pressure exceeding 50 pounds 
per square inch on the thrust-collars. The 
latter usually have an outside diameter 
somewhat smaller than the diameter of the 
shaft in the bearings, from ™% to 2 inches 
in depth and from eight to twenty in 
number, depending largely upon the diam- 
eter of the shaft and the exactness of the 
steam-thrust balance. 

Provision must be made to move the 
thrust-block axially to adjust the clear- 
ances and allow for the slight wear which 
may take place, but this should not 
amount to more than 0.003 to 0.01 inch 
per year if the lubrication is properly 
attended to, and the thrust is well bal- 
anced. The clearance allowed between the 
thrust-rings and the collars is about 0.015 
inch to permit of a liberal oil film between 
the surfaces, and to prevent binding 
from expansion should the thrust-bear- 
ing start to warm up. 
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BALANCE-PISTONS AND STEAM PASSAGES 


Having determined the other propor- 
tions of the turbine, it now only remains 
necessary to find the diameters of the 
balance-pistons, and the size of the steam 
and exhaust pipes. 

The thrust due to the 
reaction is given by the 


impulse and 

expression, 
w H.P. u (sin. a — sin, pp)? 
3600 X 32.2 X sin. (a — ~) 


’ 

















FIG. 4. NEW BLADING MATERIAL 


and since «and @ are consiant (or may 
be considered so for all practical pur- 
poses), 


wH.P. (sin. a — sin. p)? 
3600 X 32.2 sin. (a — *~) 


is constant for the entire turbine, and its 
value is, 


125 X 672 (0.615 — 0.344 \? 


3600 X 32.2 X 0.31 = onbag. 


In the first step, “= 158.2 and = 30, 
hence the thrust is 0.605 X 30 X 1582= 
288 pounds. In addition to this, the thrust 
due to the pressure difference on the 
two sides of the blades must be taken 
into account. This additional thrust is 
approximately equal to that caused by 
half the difference of pressure acting 
on the area of an annulus formed by 
a bucket whose hight is the average of 
the first and last row in the step, sweeping 
through the circumference of the mean 
blade circle. 

The difference in pressure between the 
beginning and end of the first step is 
found to be 80.5 pounds per square inch, 
and the mean blade hight is, 


; 0.688 + 1.25 
2 





= 0.969. 


Hence the area which is acted on by 
a pressure of 40.25 pounds per square 
inch is 084 X 12 X 0.9690 X 3.142 = 30.7 
square inches. Since now, the differer.ce 
of pressure on the two sides of the bal- 
ance-piston will be 80.5 pounds per square 
inch, the total thrust to be balanced is, 
288 +- 30.7 X 40.25 = 1527 pounds, hence 
the area of the annular space of the bal- 


ance-piston must be 1527 = 19 square 
ce-p 80.5 9 squa 
inches. The diameter of the first step 


balance-piston will be 
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\ (10.1 — 0.688 )* + oe II.o inches. 


In precisely the same manner by mak- 
ing #=15 and « = 223.8 for the second 
and m= 12 and uw = 333.5 for ‘the third 
step, the diameters of the second and third 
step balance-pistons are found to be 14.9 
and 23.8 inches respectively. 

Steam tightness of the balance-pistons 
is secured by turning grooves from % to 
1% inch wide and &% to % inch deep in 
the balance-pistons and in the shell, the 
rings on the shell projecting into those 
in the pistons. 

As previously stated, the clearances are 
from 0.0075 to 0.015 or 0.02 radially and 
from 0.02 to 0.035 axially. 

There are usually from twenty to thirty 
grooves in the high-pressure balance- 
piston, hence, since the leakage varies 
with the absolute pressure, and the area 
of the passage, the number of rings in 
the second step may be one-half and in 
the third step one-fourth to one-third the 
number that there are in the high-pres- 
sure balance-piston. 

Allowing for the slight drop of pressure 
from the last stage of the turbine into the 
exhaust chamber, the final volume of the 
steam will be about 320 cubic feet per 
pound. allowing a velocity of 

2,000 feet per minute in the exhaust pipe 
(at overload) the diameter of the opening 
will be, 


ilence 


| 320 X 12.5 X 672 
N 0.785 X 12,000 < 60 





X 12== 62 


inches, or say a 26-inch pipe. 

The diameter of the steam pipe is fig- 
ured in exactly the same manner, except 
that the volume of the steam at the initial 
pressure and superheat is but 3.2 cubic 
feet per pound, and the steam velocity at 
25 per cent. overload should not greatly 
exceed 6000 feet per minute. Hence the 
diameter of the main steam pipe will be, 


| 3.2 X 12.5 X 672 
7 a — —— X 12 = 3.7 
0.785 X 6000 « 60 
However, to allow for the contin 
gency of operating non-condensing, about 
a 5-inch steam pipe would be employed. 


inches. 


BLAbE Hi1GHT 


Usually instead of assuming the blade 
hight in beginning the design of a tur- 
bine, most writers assume the blade veloc- 
ity, but this does not alter the usefulness 
of the formula here given, except that in 
such the formula for D is not 
The writer believes, however, 
that for small and medium sized turbines 
it is better to assume the blade hight 
rather than to assume the blade velocity, 
since it is known that the blades should 
not be less than % or % of an inch 
high. 

Should the reader wish to assume the 
blade velocity, it may be added that the 


cases 


needed. 
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velocity is usually from 100 to 175 feet 
per second in the first step, and 300 to 
375 feet per second in the last step. In 
marine work the blade velocity varies 
from 70 to 130 feet per second in the 
high-pressure, and 130 to about 230 feet 
per second in the low-pressure turbines. 
Bucket Losses 

Questions may arise regarding the 
bucket losses as here assumed, that is, 
that they remain constant throughout the 
entire turbine, since some designers and 
writers consider that they increase rapidly 
toward the exhaust and because of the 
moisture in the steam. This opinion is 
not in accordance with some theory and 
practice, which indicates that the frictional 
losses vary as the area and cube of the 
steam velocity and the density of the 
steam. It happens, however, that in most 
stationary turbines and in all marine 
turbines, the product of the area and cube 
of the steam velocity does not increase as 
rapidly as the density decreases, which 
would indicate that if the blade losses do 
not remain constant, they are probably 
less at the low-pressure end than at the 
high-pressure end of the turbine. 

It may be added that the bucket losses 
as assumed for convenience in the pres- 
ent case are higher than actually found 
in a turbine of this size, and further, 
about 5 per cent. more energy is actually 
available to accelerate the steam, since 
the energy lost by the final velocity of the 
steam must actually have been available 
for acceleration. Therefore, the actual 
bucket losses may with safety be assumed 
as 23 to 25 per cent. in a well designed 
turbine. Also, for the sake of simplicity, 
no deduction for the steam lost by leakage 
Con- 
sequently, as the actual volume of steam 
passing the blades would be slightly less, 
and the velocity slightly greater, the areas 
or blade hights as determined are a little 
too large. 


past the balance-pistons was made. 





Machinery Men in Joint Con- 


vention 





The joint convention of the Southern 
Supply and Machinery Dealers’ Associa- 
tion, the National Supply and Machinery 
Dealers’ Association and the American 
Supply and Machinery Manufacturers’ 
Association, held at Richmond, Va., May 
13, 14 and 15, was unqualifiedly successful, 
delegates being in attendance from “all 
over,” so well had the arrangements been 
worked up. Hon. William H. Taft, Sec- 
retary of War, was among those. who ad- 
dressed the convention. 





Danvers and Wakefield, two Massa- 
chusetts cities which have their own elec- 
tric-light plants, are said to be consider- 
ing the use of producer-gas-driven gen- 
erators. 
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Exhaust Mufflers for Gas Engines 


By H. AppisoN JOHNSTON 


Bang! Puff, puff, puff—Bang! Puff, 
puff—Bang! is now such a common sound 
that it attracts no attention either in 
cities or rural districts. It is unfortunate, 
however, for those whose auditory ap 
paratus is delicately adjusted that the 
manufacturers of small gas engines have 
not investigated more thoroughly the re- 
quirements of a good gas-engine muf- 
fler. 

The writer has always held very strong- 
ly defined opinions in regard to the proper 
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way to make exhaust mufflers, and has 
recently had the opportunity of trying 
out some of his ideas, with what result 
may be seen. It may be reasoned out 
that noise of a gas-engine exhaust is due 
to the sudden escape of the gases at 
high velocity from the end of the ex- 
haust pipe, and on that assumption the 
first three constructions shown herewith 
are based. 

The ordinary multiple-passage baffle- 
plate muffler offers a great deal of resis 
tance to the flow of the exhaust gases, 
thus causing considerable back pressure 
on the engine, and it does not stop more 
than one-half of the noise. The ideal muf- 
fler must cause no back pressure, stop 
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il] noise, be free from restricted 
ages which might clog with carbon, and 
re cheap to manufacture. 

Various trade papers have stated that 
a split pipe, Fig. 1, would act as a muf- 
ler. A 2%-inch pipe was obtained and 
split for about six feet at the end, and 
a wedge and ring arranged on the pipe 
so that the split could be made of any 
ilesired width. 
an engine, but did not have any apparent 


pas- 


This was connected up to 


effect on the noise. 
EVOLUTION OF A MUFFLER 


The writer then conceived a brilliant 
idea (number one) for a cheap, efficient 
muffler. A 20-foot length of 3-inch pipe 
was obtained and several hundred small 
holes drilled in it, in rings about four inches 
apart. The holes nearest the engine were 
under % inch in diameter, but the size 
was increased slightly at each ring and 
those at the farther end 
The total area of the holes was three or 
four times that of the pipe. (See Fig. 2. 
The pipe is much longer than shown in 
the cut and there are many more rings 
of holes.) The brilliancy of this idea 
will be realized when it is explained. A 
wave of exhaust gas starts through the 
pipe under high pressure; it first meets 
inch in di- 
ameter, which let a little gas out and re- 
duces the pressure slightly, then as the 


were ™% inch. 


some small holes under % 


wave travels on, its pressure is reduced 
ach succeeding ring 
of holes, until by the time it reaches the 
end of the pipe its pressure is but little 
above the atmosphere. The beauty of this 
idea is that there is absolutely no back 
pressure on the engine and the area of 
the outlet is increased instead of being 
restricted. This muffler was connected 
to the exhaust pipe of a 9x12 crude-oil 
engine, and the engine started. 

The velocity of the exhaust gas coming 
through the holes in the pipe was like 
that of a summer zephyr, it did not even 
approach the speed of a fine breeze—but 
the noise was like a cannon shot. It made 
no difference whether the end of the pipe 
was plugged or not. 

A still more brilliant idea seemed nec- 
essary (number two). The idea in this 
case was to reduce the velocity of flow by 
causing the gases to pass into branches of 
constantly increasing area, and it was ex- 
pected that with an outlet many times 
greater in area than that of the exhaust- 
section the would com- 
pletely eliminated. A number of 3-inch 
‘es and nipples were obtained and put to- 
gether, as in Fig. 4. It will be seen that 
the total area of the exhaust passages 
just before the reaches the 
times that of the 
When the engine was started the 
gas coming out of any one of the tees 
would not blow off a hat hung over it, 
but the noise was as bad as ever. 


more and. more by 


pipe noise be 


atmos- 


gas 
phere is 16 exhaust 


pipe. 


Another brilliant idea was then obtained 
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(number three) and this proved to be the 
one to fill the “long-felt want.” 
second-hand (thrown out on account of 
leaks) domestic hot-water boilers were ob- 
Holes 
were cut in the ends of two of these to 
allow a 3-inch pipe to slide in, and -the 
pair were piped to the engine so that 
the gas went the 
short pipe into the second, and through a 


Some 


tained at a cost of 25 cents each. 


into first, through a 
short pipe from the second into the air 
The whole outfit was buried in the ground 
to prevent gas escaping around the ends 
of the tanks where the pipes were slipped 
The lo! 


“Silence reigned supreme.” 


in. engine was started, and 


MurFiers CuHear to MaKe 
6 
These mufflers were so cheap to make 
and so very much in advance of anything 


that 
were immediately adopted for all engines. 


previously seen or heard of, they 


The way they are made for sending out 
is shown in Fig. 3. 





|| Exhaust Pipe 
of Kngine 


FIG. 4 


The old boilers are chucked in the lathe, 
and the cut off; if 
the shell are rough 
smooth the side large emery 
wheel. Cast-iron the proper 
size, threaded for pipe, are bolted on by 


heads the 


they ground 


are 
on of a 


heads of 


two long bolts passing right through the 
muffler. 
to prevent the gas shooting right through, 
though results almost 
tained without it. 


A baffle-plate is cast on the head 


as good are ob- 
One of these mufflers 
will give a quieter exhaust on engines 
up to 20 horse-power than any other the 
writer has seen, and two, in series, will 
stop the noise completely. 

Two of these mufflers have been used on 
a 60-horse-power engine with a 5-inch ex- 
haust pipe and the noise is entirely un- 
objectionable. 

Those who have no machine-shop facil- 
ities may make a very satisfactory job by 
constructing a rough box about a foot 
inches wider 


longer and three or four 


deeper than the hot-water boiler. 


and 


ends of 


Holes for the exhaust pipe may be cut in 


each end of the boiler with a diamond 


point chisel, and corresponding holes cut 
in the ends of the box. The muffler is 
placed in the box, the pipes are inserted 
through the the the 
holes in the heads and allowed to project 


holes in box into 
three or four inches inside, and the space 
in the box around the pipes and muffler 
is rammed tight with clay. If portland 


cement is used around the pipes where 
they enter the heads there will be less 
leakage. 

These experiments seem to indicate that 
the 


haust do not originate at the point where 


sound waves of the gas-engine ex- 
the gas passes into the atmosphere, but 
at some point inside the exhaust pipe, 
and that the reduction in velocity of the 
escaping gas does not necessarily reduce 
the noise. The noise, apparettly, is best 
destroyed by passing the exhaust through 
a large chamber in which the sound waves 
are so beaten about by eddies and echoes 
from the walls, that they lose their form 
entirely 


The Centrifugal Pump 


By H. A. Cozzens, Jr 

The centrifugal was, possibly, the first 
pump used for pumping water, but, as in 
the the steam 
abandoned and_ the 
was used until, at 


case of turbine, it was 


reciprocating pump 
a later date, the value 
of the centrifugal pump began to be ap 
preciated. The 


the earliest users of the centrifugal pump 


credit for being one of 


goes to Euler, a mathematician, who 
lived in the seventeenth century. Since 
then many such pumps have been de 
signed, notably one by Papan, a French 
engineer, who in 1703 designed a pump 
embodying nearly all of the essential 
features of the present-day machine. In 


1851, Appold exhibited his the 


London exposition, where its popularity 


pump at 


at once started many engineers to try and 
improve upon it, the centrifugal pump of 
today being the result. 

For many years centrifugal pumps hav« 
the against 
low heads and pressures, and have been 


been on market for service 


noted for their ability to handle large 
quantities of water, as well as liquids con 
taining solids and acids, which could not 
be handled by 
pumps. 


ordinary reciprocating 
These pumps were well adapted 
to the work of handling large quantities 
of liquids which were to be moved against 
low heads or pressures, because of their 
and ease of 


simplicity of construction 


operation. This class of pump could not 
overthrow the popularity of the recipro 
cating pumps, because of their low me 
chanical efficiency and their being limited 
service. the last de 
the pump has 
been investigated and numerous improve 


to low head But in 


cade or two centrifugal 


ments made, so that today the pump can 
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handle large quantities of water against 
high heads and pressures, and now the 
centrifugal pump is adapted to many 
kinds of service where _ reciprocating 
pumps were formerly used. Also, the 
centrifugal pump is capable of pumping 
liquids at a much quicker rate than 
reciprocating pumps, thus making its use 
invaluable for work like irrigation and 
drainage. 


THREE Types OF CENTRIFUGAL PuMP 


There are three types of centrifugal 
pump, the volute, the conoidal and the 
turbine. The volute type is mostly used 
for lower heads and pressures, where 
maximum efficiency is not absolutely 
necessary. The turbine type is best 
adapted where high heads and pressures 
are used and where a high efficiency is de- 
sired. The general statement is often 
made that the turbine pump requires 10 
per cent. less horse-power for a given 
head than the volute pump _ operating 
under the same conditions. Either type 
of pump may be built to compound in two 
or more stages, although it is almost uni- 
versal practice to use only the turbine 
type for compound units, as a higher effi- 
ciency is obtained and a more compact 
mechanical arrangement is produced. The 
conoidal type is designed for a low lift 
and a large delivery, and is adapted to 
such work as irrigation and sewage. The 
names of these pumps are derived from 
the shapes of their impellers. 


CONSTRUCTION IS SIMPLE 


The construction of the centrifugal 
pump is very simple. The word “centri- 
fugal’’ means from the center, thus the 
name of the pump, as the liquid enters at 
the center and then is thrown outward. 
The pump consists of a revolving disk 
having straight but generallly curved 
blades attached to an axis fitted into the 
shell or casing of the pump. This spin- 
dle or axis is so fixed that the suction 
shall enter at the center of the wheel, and 
the name given to this part is the im- 
peller. Early experiments showed that 
the efficiency depended mainly upon the 
form of the blades, and that the increase 
in efficiency between radial and curved 
vanes was more than doubled in favor of 
the curved vanes. 

The early centrifugal pumps were fit- 
ted with straight vanes or blades which 
discharged the liquid into a chamber of 
conventional form, with the result that 
the internal friction was so excessive that 
the efficiency was comparatively small. 
Another important part of the pump is 
the stationary waterway which receives 
the water thrown from the edge of the 
impeller. In the designing and propor- 
tioning of these parts lies the secret of 
successful operation, and the percentage 
of the efficiency obtained. If the water 


were received from the inlet directly into 
the 


impeller without its course being 
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changed by means of a properly propor- 
tioned curve, a large loss of power would 
result. Then if the water were dis- 
charged from the impeller into a large 
chamber, the efficiency would be very low 
and the velocity of the water would be 
lost. 

The volute or pump casing, or the pas- 
sageway in which the water finally finds 
its way to the outlet of the pump, is made 
in the form of an Archimedes spiral, or 
the cross-section increases in an arith- 
metical ratio up to the full area of the 
pump discharge. This is designed so that 
the velocity of the water may be de- 
creased gradually. The usual design of 
impeller has the blades turned away from 
the directiog of rotation at a sharp angle, 
as this allows a larger range of head and 
capacity, with less falling off in efficiency. 
When the speed of a pump is limited by 
the engine or motor direct-connected to 
it, generally the blades are radial as they 
approach the periphery of the impeller, 
or they may be turned forward in the di- 
rection of rotation. But these backward- 
turned blades are used wherever there is 
a danger of overloading the motor, while 
the radial or forward-turned blades are 
used to obtain a greater head at a given 
speed; or for service which requires a 
normal head, although the quantity of 
water delivered varies. 


OPERATION OF THE PuMP 


When the pump is first started the air 
contained in the pump is forced out of 
the delivery pipe. Thus a partial vacuum 
is created within the case and in the suc- 
tion pipe, and the space previously occu- 
pied by the air is taken by the rising 
liquid until it finally enters the casing and 
is forced around by the blades and out of 
the discharge. But usually before start- 
ing any pump, unless placed below the 
level of the suction water, must be 
primed or, that is, the pump itself filled 
entirely with water, as machines of this 
kind will not create a sufficient vacuum 
without having first gone through this 
operation. Priming may be done by an 
ejector, a hand pump, or by water under 
pressure when a foot-valve is used. After 
a pump has been primed it should be 
started before the gate valve on the dis- 
charge is opened, and when full speed is 
attained the discharge gate may be slowly 
opened ‘and the pump will perform its 
work properly. When an ejector is used 
for priming it should be located at the 
top of the casing and may be operated 
most economically when the pump is di- 
rect-connected to a steam engine. 

The speed of the pump is another im- 
portant consideration. It is evident that 
a pump which is run at a low speed can- 
not produce sufficient vacuum to raise the 
liquid, so that in order to have a pump 
run economically a high velocity must be 
obtained before the pump will begin to 
work. 
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UsEs TO WHICH PUMPS ARE Put 

The uses to which the centrifugal pump 
is put are numerous. Agriculturists find 
the pump invaluable for use in the irri- 
gation of dry lands. By the use of this 
style of pump many acres of land may 
be watered from one unit. Ship-wrecking 
companies find the centrifugal a great aid 
because of the enormous quantities of 
water which may be handled in a short 
time, thus raising sunken vessels very 
rapidly. Owing to the quantity of sand, 
mud and refuse to be overcome in the 
process of dredging, the centrifugal pump 
is fast becoming popular in this work. 
For the same reasons the pump is very 
often used in the disposal of sewage. The 
value of this type of pump has dawned 
upon the fire departments, and in many 
factories and industrial houses centrifugal 
pumps will now take the place of the old 
reciprocating fire-pump. Many pumps 
have been installed in municipal water 
works, as well as for use in operating 
hydraulic elevators. 

Perhaps the latest use to which the 
pump has been put is in the vacuum- 
cleaning industry. Here a ready market 
is found to install centrifugal pumps in 
place of the heavier air pumps. 

Owing to the mode of operation and the 
manner of oiling, along with the con- 
venient construction of this«pump, it may 
be installed in places where care and 
attention are not regular occurrences. 
Many manufacturers are now working 
on a pump casing which will be acid-re- 


sisting, so that acids may be handled 
without destroying the pump. Some of 


the latest casings are lined with rubber, 
stoneware, carborundum, or porcelain 
enamel. 


ADVANTAGES 


It is the opinion of many engineers 
that we may look forward to a time when 
the centrifugal pump will supplant the 
reciprocating pump, the centrifugal pump 
has so many advantages over the old- 
style pump, such as accessibility, an oil- 
ing system which takes the place of dif- 
ferent oil cups on the old-style pump, 
fewer bearings, less vibration, no water 
hammer, etc. 





The commodity clause of the Hepburn 
act, which went into effect on May 1, and 
which is aimed at the ownership and 
operation of coal mines by the railroads, 
has not caused any change in mine owner- 
ship in the country, or in the methods 
of mining and transporting coal, for the 
reason that the Government and the rail- 
roads have agreed that the issue shall de- 
pend upon the outcome of a test case to 
be brought by the Federal authorities. 
Senator Elkins has introduced a resolu 
tion to give the railroads twenty months 
additional in which to divorce themselves 
from these properties. 
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Steam-Electric versus Hydroelectric Power 


Discussion of Features which Should Control the Selection of a 
Source of Power, Including Factors Entering into the Cost 





BY HENRY DOCKER JACKSON 


kor the past three or four years the 
eugineering papers been full of 
hydroelectric developments, with the evi- 
dent intention of exploiting them. These 
plants invariably have been of large size, 
developing many thousands of horse-pow- 
er, supplying power to a region where 
coal is expensive and where industrial 
developments had been very small, owing 
to the fact that power in this region 
would be too costly on account of the 
long distance from fuel supply. It was 
nearly always the case that one large 
water-power development supplied power 
for a number of industries, and this pow- 
er could be supplied at a far lower rate 
than each separate establishment could 
supply its own power for. When, how- 
ever, one takes into consideration a large 
central steam-electric plant, situated in or 
near the district to which it is supplying 
power, having the same facilities for re- 
ceiving coal that the industrial plants 
have for receiving raw material and ship- 
ing the finished product, this steam plant 
could probably supply the power at the 
same price, or better, than the water- 
power plant, if it could supply the same 
buildings with steam for heating and 
other purposes. This is a condition which 
might readily be brought about if the 
managers of the central electric plants 
were sufficiently long-sighted. 

Another point worthy of consideration 
is the question of original first cost of 
development. Steam plants can be built 
at the same price from Maine to Cali- 
fornia and from the Gulf of Mexico to 
Canada, or anywhere within reach of 
railroads, and the cost of a steam plant 
is comparatively easily fixed. The type 
of steam plant that could be used would 
depend largely on the conditions exist- 
ing at the plant. There are many places 
where cheap engines are installed, since 
refinements are unnecessary, because the 
steam may be utilized for other pur- 
poses than driving the engine. 


have 


No Way or EstTIMATING AVERAGE CosT 


Where it comes to hydroelectric plants, 
there is no way of making even an aver- 
age figure for cost of development, for 
no two plants can be built on the same 
plans, or plans that are even correlated. 
One plant of 1000 horse-power may have 
a high head with a small quantity of 
water; another plant of 1000 horse-power 
may have a low head with a very large 


volume of water; one may require little 
or no development; another may re- 
quire a long flume, much piping and many 
large and expensive dams and other 
works in order to insure a continuous 
supply of water. It is not-possible to 
give an average price per horse-power, 
or per 1000 horse-power, for a water de- 
velopment. It should be recognized that 
for the purpose of supplying a large dis- 
trict with power, hydroelectric develop- 
ments have been the only ones seriously 
considered. In the past, and even at 
the present day, whenever one considers 
the installation of a power plant, if it 
is of any considerable size the individual 
plant is the only one considered, unless 
one happens to be near a_ hydroelectric 
development. 

There have been a few plants developed 
where the steam plant has been built 
and the steam not only used for driving 
the electric generators for supplying light 
and power, but the exhaust steam also 
used for supplying heat, not only to man- 
ufacturing establishments, but also to 
hotels and private houses. A more com- 
plete development of this character of 
plant in many localities would probably 
serve to offset to a very large extent 
the growth of a hydroelectric develop- 
ment. It also is worthy of note that 
hydroelectric powers that may be devel- 
oped at a reasonable price and are within 
a reasonable distance of a market for 
their power are at present either de- 
veloped or in the process of development. 
This other suggestion, however, of utiliz- 
ing the steam from a steam plant for 
heating purposes is one to which little 
attention has been paid, and it is well 
worthy of investigation. 

Another power which will probably en- 
ter strongly into competition with the 
hydroelectric and the steam, is that of 
the gas, the gas being either natural gas 
in the regions which may have that sup- 
ply, or producer gas in the regions for- 
tunate enough to have the coal. 

A comparison of power plants for in- 
dustrial purposes settles down to a study 
of what power will be the cheapest, when 
actually delivered to the machinery. 
Therefore, the comparison outlined here- 
with is one between steam or gas power, 
or steam-electric or gas-electric power 
versus hydroelectric power, and not be- 
tween steam power and _ hydroelectric 
power, as has so often appeared in en- 





gineering papers. It must be recognized 
that no plants will be built driven only 
through belts, whether operated by 
water power or by fuel, unless it can 
be definitely shown that belting is more 
efficient than any other method of drive. 


MEANS OF TRANSMISSION DEPENDS 
Type oF Factory 


ON 


The actual means of transmission of the 
power from the prime mover to the 
machinery is a matter which depends very 
largely on the type of factory to which 
this power is supplied. For instance, in 
a machine shop where all the work is 
heavy and the tools are not in constant 
operation, the machines would each be 
operated by a separate motor, irrespective 
of the type of power generation; that is, 
whether by fuel or water. If the plant 
be a cotton mill well laid out, so that the 
shafting is all parallel, and the power 
can be transmitted to it direct, either by 
belt or rope, it is probable that if the 
prime mover be a steam engine or a gas 
engine, the transmission would be by 
rope from the fly-wheel to the various 
line shafts. If the power be electric, an 
individual motor would probably be ap- 
plied to each shaft. If the mill is in- 
termediate between these two, the power 
would probably be generated electrically 
and motors placed through the factory, 
according to local conditions, more or 
less of the shafting being belted as cir- 
cumstances may require, so that modern 
plants cannot be compared on the basis 
of fuel plants against hydroelectric plants ; 
electricity will be a factor whether the 
motive power be water, steam or gas 

In order to make a fair comparison, 
it is necessary to make a study of the 
various powers, of their ability, adapt- 
ability to the purpose and the cost of 
the power as delivered to the plant from 
each, not necessarily the actual cost of 
power at the machinery in the plant, as 
this point is dependent very largely on the 
lay-out of the apparatus and has nothing 
whatever to do with the type of power 
generation. 

In order to be of any value the power 
must be constant; that is, must not be 
subject to frequent breakdowns or un- 
certainties in operation. In order to make 
water power actually sure, unless the flow 
of water be such that the minimum flow 
will supply a full power required at all 
times, it is necessary to adopt some 
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means for insuring an unbroken supply 
of water. This requires either that we 
must supply a sufficient storage for water 


so that at times of flow greater than 
needed for the mill, a portion of this 
flow may be stored for use at a time 


when the flow is less than required, or 
a steam plant must be installed as an 
auxiliary to fill out the slack period. This 
also means an additional charge against 
this water-power plant, which is very 
hard to determine. 
yet built absolutely 


positive in its operation, it is usually nec- 


Also, as no machinery 
has been which is 
essary to install an extra wheel and gen- 
erator over what is ordinarily required 
to supply the power. 

There is also the possibility of failure 
of northern 


penstock or 


due to ice in the 


failure of 


power 
latitudes, flume, 
as well as wheel and generator troubles, 
and, unless duplicate transmission lines 
be built, there is considerable possibility 


of an absolute shut-down due to failure 
of the line. There are also troubles 
with the motors, and since it is in a 


very small proportion of the plants that 


individual motors are installed there is 


a prospect of a shut-down to more or 
less of the machinery, due to the belts 
and shafting which may be driven from 
these motors. 

In steam or gas plants the causes of 
failure are lack of lack of 
of engine, 


generators 


fuel, 
breaking the 

the (in an 
electric plant), and also trouble with the 


water, 
down troubles 
with case it be 
motors, belts and transmission lines. The 
last named trouble will probably be very 
small, the 
exceedingly short one. 


since transmission line is an 
The probability 
of an engine breakdown is one rarely 
recognized in a modern steam plant and 
the duplication of apparatus is in the 
boiler room. Nine-tenths of the industrial 
plants operated by steam or gas engines 
have no relays to fall back on in case 
of accident, and it is very rare that the 
plant is shut down for of 


any length 


time. 

ADAPTABILITY OF POWER FOR VARIOUS 
Purposes IMporTANT 

The question of 


for 


of 


also 


adaptability the 


purposes is im- 
For a long time it was con- 
sidered advisable to build a factory where 
the power on of 
its cheapness, the sacrifice of 
shipping facilities, as was done in the 
plants at Lowell 


power various 


portant. 
available 


Was account 


even at 


Lawrence, Mass., 
these plants being established on account 
of the available. Under 
modern conditions, it is very doubtful, if 
did already exist in 
Lowell, whether any plants would exist 


and 


water power 


these plants not 
there today, since the value of the water 
power is so small compared to the other 
facilities which exist at seaport towns; 
that is, water power insufficient to supply 


any large proportion of the power actual- 
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Where was 
used, the value of the shipping facilities 


ly required. steam power 
was considered as of more importance 
than the question of the cost of power. 

In the more advanced days, where en- 
gines are far more efficient and the cost 
of steam has been greatly reduced, the 
question of water power was more and 
more forced into the background, until 
with the development of electricity, the 
erowth of the transmission line has made 
it feasible to large quantities 
of power over long distances at small cost 
and with a small loss. 


transmit 


This allowed the 
mill to be situated where transportation 
facilities were good without regard to the 
This 
resulted in the development of a great 


location of the power plant proper. 


many water-power plants and a_ slight 
setback to the steam-engine plants, the 
idea being 
that steam 


that water power is so cheap 
power could not compete with 
it. This is by no means true in all cases, 
as the cost of the development of the 
water power was so great that the interest 
on the investment, plus the cost of trans- 
mission of power, brought the actual cost 
of power at the mill to a pretty high 
figure and the very point that the in- 
coming of electricity made possible, that 
is, the location of the mill where trans- 
portation facilities were good, served also 
to cheapen the cost of steam power, as 
it made easy the transportation of coal 
to the factory site, thus cheapening the 
cost of coal, which is a very large pro- 
portion of the operating charge against 
the steam or gas-producer plant. 

As far as the actual operation of the 
makes no 
difference whether the prime mover is 


machinery is concerned, it 
steam-driven or water-driven, since under 
modern conditions no plant will be oper- 
ated by belts or ropes unless it is very 
definitely that 
than 


drives are 
electric motors. 
This means that the question of oper- 
ation will be settled by that method which’ 


shown these 


more economical 


is the cheapest, and may in either case 
be through electricity as an intermediary. 
This brings us, then, to the point of the 
actual efficiency of the two methods of 
supplying the power. 

In the consideration of 
comparison of 


efficiency, the 
powers should be 
made, not on the question of potential 


the 


efficiency, which varies from 15 to about 
35 per cent. for steam or gas engines 
of the energy in the fuel to 65 per cent. 
of the total energy in waterfall, but on 
cost efficiency. 
THE REAL TEst 

is the actual cost of the 
power, and the question of 
method of drive has but little to do with 
the actual efficiency of the steam plant 
or the hydroelectric plant. 
laid-out 


The real test 
delivered 


To say be- 
plant of one 


kind can be or has been improved upon 


cause a_ poorly 


by well-laid-out plants of the other type 
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The real test is the 
actual cost of power at the operating 
plant requiring it. With a steam plant 
carrying a good concentrated load, such 
as a mill, the line 
shafting can be easily driven from the 


proves nothing. 


cotton or woolen 
fly-wheel by rope or belt drives, with an 
actual not bettered the 
electric-motor drives and, where the pow- 


efficiency by 


er has to be supplied from a distant 


water-power plant, not to be approached 
by the motor drives, as may readily be 
by 


the losses; 


the line loss would be 5 per cent., trans- 


seen taking account of 
former losses approximately 5 per ceut., 
motor loss 10 per cent., and the loss be- 
tween motor and shafting 5 per cent., or 
an efficiency between the generator and 
the line shaft of 77 per cent., against 85 
per cent., or better by the rope drive. If 
the plant be one in which the line shaft- 
ing is laid out so that the drives cannot 
be made by rope, or if the parts of the 
factory be widely separated, the steam- 
electric plant may be compared with the 
hydroelectric and here again the efficiency 
of transmission has its effect. The steam 
plant would generate at the voltage re- 
quired, no transformers being necessary, 
and the line would 
per cent., making the loss 
erator to the shaft 83.75 


loss not exceed 2 
from the gen- 
as against 77 
per cent., as before, these figures repre- 
full-load 

If the load on the plant decreases, the 
efficiency of transmission and of the trans- 
lating decreases; at half 
and quarter load the total efficiency of 
operation is decidedly lower than at full 


load. . 


As has been said before, however, the 


senting conditions. 


devices also 


actual comparison should be made not on 
the score of efficiency but on the score 
of actual cost of power used in the plant. 
In making a comparison of this nature. 
it is essential that plants of the same 
general character should be compared. 
That is to say, a plant requiring from 10 
to 250 horse-power operating by steam 
should not be compared with a hydro- 
electric plant of from 250 to 2500 horse- 
power, or to a hydroelectric plant sup- 
plying power to a number of small fac 
tories. Either the hydroelectric plant of 
large size should be compared to a steam 
plant of corresponding size, or the hydro- 
electric plant supplying a large number of 
small factories should be compared to a 
steam plant conditions. 


under similar 


FACTORS ENTERING INTO THE Cost 

The factors entering into the cost of 
power are as follows: For a steam plant 
there are fuel, water, labor, oil and waste, 
maintenance, depreciation, taxes and in- 
terest; for a water-power plant there are 
labor, oil and waste, maintenance, de 
preciation, taxes and interest. 

With regard to the cost of fuel, much 
depends upon the type of engine used 


and the conditions under which it is in 
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stalled and handled, also whether the en- 
gine has been installed for the purpose 
of supplying power alone, the steam not 
being required for any other purpose. 
There are many plants in which engines 
»f low first cost and poor steam economy 
have been installed for the express pur- 
pose of utilizing the steam after it has 
passed through the engine for other pur- 
poses. 

The labor charge is a comparatively 
small one and can be easily calculated. 
lhe matter of oil and waste varies quite 
largely, but can be averaged without a 
great deal of trouble. The maintenance 
charges for steam plants have had very 
little attention paid to them. They should, 
however, be taken into consideration, and 
within recent years it has been the habit 
to allew, in estimating the cost of a steam 
plant, a maintenance charge of about 5 
per cent. The depreciation is a very 
variable factor, but for good steam plants 
an allowance of 5 per cent. is ample. 
Taxes and interest are easily settled fac- 
tors. 

In a water plant, labor, oil, waste, etc., 
are easily determined factors. The main- 
tenance charge, however, is not so easily 
determined. Undoubtedly, the dam and 
much of the work having once been built 
in a thorough and _ substantial manner 
sould be everlasting and require no main- 
tenance charge. The transmission line, 
however, and certain parts of the ap- 
paratus, such as_ wheel-cases, wheels, 
switchboard, exciters, generators, etc., re- 
quire more or less in the way of main- 
tenance charge; and these same pieces of 
apparatus will have a depreciation charge 
against them, as they are by no means 
permanent. The generator should be at 
least charged off at 5 per cent. deprecia- 
tion, water-wheels the same, and exciters 
and various parts of the apparatus in 
the station approximately 5 per cent. The 
transmission line will probably stand a 


higher depreciation rate than this, so 
there is somewhat of a depreciation 
charge against the water plant. Taxes 


and interest bear the same relation to the 
water-power plant as to the steam plant. 
The load factor on the plant will have 
considerable bearing in both cases. On 
the steam plant the load factor will affect 
steam consumption and the water con- 
sumption. 

The steam per horse-power-hour, for 
an engine of good grade and moderate 
size, that is to say, 200 horse-power and 
over, does not vary over very wide limits 
a considerable range of load. 
That is, for from 50 to 100 per cent. of 

load, the steam consumption would 
not vary greater than from the limits of 
iS pounds to 15 pounds of steam per 
horse-power-hour, and the fuel consump- 

i should not vary through a much 
wider range. The effect, therefore, of a 


through 


ill load factor on the plant will be 
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to decrease the total fuel consumption and 
the total water consumption, but to in- 
crease the coal consumption and water 
consumption per horse-power-hour to a 
slight degree, and increase the total cost 
per horse-power-year to a considerable 
extent, owing to the fixed charges re- 
maining the same. 

In a water-power plant, however, the 
load factor has no effect on the actual 
cost of the water used, since this is 
given free of charge. It does, however, 
affect the cost per horse-power-year, as 
fixed charges are constant and labor 
charges remain practically the same. 

In spite of the writer’s remarks re- 
lating to a comparison between water- 
power and steam-power plants, it seems 
advisable to give a table showing some 
figures with regard to the first cost of 
these two types, these figures being as 
nearly as possible representative of plants 
of the size indicated. 


TABLE OF COMPARATIVE Costs 

In the following table, therefore, are 
given the costs 8f plants of two types, 
one a steam and the other a water-power, 
the size of each plant being 1000 horse- 
power (theoretical). These costs are av- 
erages of a number of different plants 
of about 1000 horse-power. There is also 
given a table showing the fixed charges, 
as well as the operating charges on the 
two plants, from which the cost of power 
per horse-power-year can be figured; also, 
the cost of power per horse-power-year 
at the load factors 75 and 50 per cent. 
For a steam plant, a coal consumption 
is figured on the basis of 134 pounds per 
horse-power-hour at full load, and varies, 
as shown earlier in the discussion, at 
three-quarter and one-half load. The gen- 
eral efficiency of the plant at the full load 
is given in both cases. 








PLANT COST, 

Plant. Steam Water, 
Building and works.... .. $10,000 $77,000 
Engines, boiler, etc........ 48,000 mie 
Turbines and generators... 15,000 17,000 
Trans. lines, etc., 20 miles.. 40,000 

$73,000 $134 .000 
FIXED CHARGES. 

er eT aT er 3,650 6,700 
Fuel, $2.50 tom.............. 5 rrr 
CO eer eee 600 cosh ee 
ONSTAR. ..000:500cccccrseees 3,400 3,800 
es M6 500500000 770 500 
DERITEOTAMOO e io.oc0cc0 cc 000 1,500 2,680 
Depreciation. ...........+-+. 3,650 3,500 
no 'n.50 dean s:beennbeneskess 1,460 2.680 
SIO ooo... 0tsescevesesas 650 ae 
$21,840 $ 19,860 

Cost per I.H.P. per year.... $21.84 $19.86 

-COST PER HORSE-POWER-YEAR 

Steam, 88%. Water, 95%, 
100% Load factor........... $24.82 $20.90 
75% Load factor. ....c02.s. 39.92 32.00 
50% Load factor........... 54.60 45.00 


There is no question that steam plants 
and water-power plants can be built at 
lower cost than those given in the table, 
but the average of a number of plants 
of both types of approximately 1000 horse- 
power is taken in the compilation of this 
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table. Under the present conditions, it 
is doubtful whether water plants of 1000 
horse-power could be built within a dis- 
tance of twenty miles from a good manu- 
facturing site at a cost less than that 
given above. In the steam plant, figuring 
on a good type of engine, boiler, etc., 
it is very doubtful if the cost would be 
greatly below the figures given. 

It should also be noted that these 
figures are for a plant supplying power 
to one mill and not for a central plant 
supplying the power to a number of small 
factories. This question of a central 
plant, either water, gas or steam, will 
be taken up later. 

The actual cost of power at the plant 
where it is to be used will vary according 
to the location of the power plant, since 
the efficiency of the transmission will be 
the factor deciding it. 

As both plants are electric, the question 
of distribution of the power at the mill 
will be neglected. The only question then 
lies in the actual efficiency of the trans 
mission line and its accessories from the 
steam-power plant or water-power plant 
of the mill. 

As a steam plant is probably in close 
proximity to the mill, the power will be 
generated at a voltage best adapted to the 
operation of the motors in that mill, leav 
ing therefore only the line loss to be taken 
account of. This loss should not exceed 
2 per cent. under full-load conditions 
In a water-power plant there will be loss- 
es other than line, such as transformer 
losses and losses in the switchboard and 
switching devices, which will total at 
least 10 per cent., making the transmis- 
sion efficiency 90 per cent. in the water- 
power plant and 98 per cent. in the steam- 
power plant, or making the cost of power 
at the motors of the mill $25.44 for the 
steam plant and $23.20 for the water- 
power plant, these figures on the basis of 
full load. 

In most industrial plants considerable 
steam is used for heating or for other 
purposes about the plant. In the North 
steam for heating would be required for 
at least eight months out of the year, 
and in the case of a steam plant this could: 
be taken directly from the exhaust of the 
engine. It can be said under these con 
ditions that the cost of power is reduced 
by the sum required for heating the 
plant, since without this steam being avail 
able it is necessary to spend an equivalent 
sum of money for heating. The amount 
that would reduce the cost of power de 
pends on the amount of steam used for 
various purposes; that is to say, if 50 
per cent. of the steam is required about 
the plant, it would reduce the cost of 
power approximately 30 per cent. or 
$7.50. If all of the steam is required, the 
cost would be reduced about 50 per cent., 
or $12.50, making the cost of steam power 
at the motors as $17.94. and $12.94, ac-- 
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cording to the amount of steam required 

Should this plant, however, be operated 
by electricity derived from a water-power 
plant, steam would be required for heat- 
ing or other purposes in the same quantity 
as indicated in a steam plant, and there- 
fore, the charge for power might proper- 
ly be increased by the same amount, rais- 
ing the actual cost of power on a water- 
power plant to $30.70 or $35.70, according 
to the amount of steam actually used. 


PLANTS OF 750 HorsSE-POWER AND LESS 

With plants of 750 horse-power down 
to 250 horse-power, there is considerable 
prospect that water power at or near 
the plant may, in almost every case, be 
cheaper than steam, unless steam can be 
used for heating or other purposes, and 
all the steam used in this way, or coal 
is very cheap. Below 250 horse-power, 
the water-power proposition is usually 
quite costly; and although there are many 
powers available of this size, the fact re- 
mains that in order to get sufficient as- 
surance of a continuous flow of water 
during the summer and winter, the first 
cost is usually too great, owing to the 
requirement of storage, etc. 


There is also another point worthy 
of note, which has been demonstrated 
many times in New England. Plants 


have been built and water-power proper- 
ties developed with the expectation that 
this water power was likely to supply 
for years 
The growth of the plant, how- 


all the power required many 
to come. 
ever, was so rapid that this power was 
soon found not to be large enough to do 
the Auxiliary steam plants were 
installed to take care of the dry 
Still further growth called for 
still more steam plants, until in many in- 
stances the water power is a very small 
proportion of that required to drive 
the factories; and as these plants were 
located with particular reference to the 
availability of the power, the cost of 
handling the coal is now a considerable 
item, so that the water power has actual- 
ly resulted in an increased cost for power 
rather than in a low cost. 

In these plants at the present time, 
the electric drive is a important 
factor, and the greater part of the power 
distribution throughout the mill is by 
means of the electric motor. This also 
brings the question of steam 
heating. All of these plants are arranged 
to supply not only light and power 
throughout the entire factory, but also 
to supply heat from the exhaust steam 
of the engine. In many cases these en- 
gines are run condensing during the sum- 
mer and non-condensing during the win- 
ter. With very large plants, there are 


work. 
first 


season. 


very 


forward 


so few places capable of development in 
the way of water-power plants in close 
proximity to railroad transportation, this 
being required in order to get the raw 
product and to ship the finished stock, 
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that large water powers for individual 
plants need no discussion. There are, 
however, a large number of places where 
manufacturing is extensively carried on 
within reasonable distance of possible 
water-power developments; and that these 
will be developed in the future there is 
no doubt. It will be done, however, not 
by individual plants, but by an electric- 
power company to supply a number of 
plants. 

Still, it may be worth while to investi- 
gate further and see if the cost of de- 
velopment and operation will be suf- 
ficiently low to warrant the developing of 
this power, rather than the developing 
of a large central power plant in or near 
the manufacturing center, where coal 
must be available or the manufacturing 
would not now be carried on there, this 
plant furnishing light, power and heat to 
all of the manufacturing establishments. 


‘Many of these factories doubtless have 


engines and boilers of their own and 
supply their own heat as well as power; 
but their engine plants are comparatively 
small and expensive to operate, besides 
taking up a considerable amount of room. 
If all of the power required by these 
plants could be furnished from one cen- 
tral station, the operation for 
which per unit would be far less than in 
the separate this power be- 
ing distributed electrically and the ex- 
haust steam from this plant distributed 
through pipes in the streets to the various 
establishments supplying with 
power; the main central plant eould be 
getting not only a return for its light 
and power, but could probably earn as 
large a return on its steam heating as 
it could get from the combined light and 
power; and the manufacturing establish- 
ments could do away with their engines, 
boilers, etc., and all the necessary at- 
tendance, maintenance and depreciation, 
and at the same time succeed in getting 
considerable reduction in their insurance 
rate and receive far better and more uni- 
form light and power. The space for- 
merly occupied by the engines and boilers, 
as well as for coal, would be available 
for manufacturing purposes. The size 
of the central plant would probably be 
far less than the capacity of the com- 
bined plants, and the efficiency of opera- 
tion would be far greater. There is a 
strong possibility that a plant of this 
character would supply power through 
the manufacturing district at a rate which 
would compete very closely with- water 
power and, with the addition of supply- 
ing heat, would probably put the water 
power out of the question. 


cost of 


factories, 


them 


CENTRAL PLANTS FOR LARGE CITIES 


In large cities, a central plant in the 
middle of each block could be developed 
in the same way, this plant*being operated 
either by a separate company or through 


codperation between the various com- 
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panies in the blcck. 
could be run underground from this cen- 
tral plant, feeding the heating system of 


The steam pipes 


all the surrounding territory. It would 
not be necessary that the condensation of 
this steam should return to the power 
plant, if the cost of the return piping 
be large. This water could be turned 
directly into the sewer, and would give 
little or no trouble to get rid of it. If 
for any reason it was wished to return 
the water to the plant, the cost of the pip- 
ing to do this would not be excessive 
compared to the revenue that could be 
obtained from the exhaust steam. 

If it were necessary to pass the pipes 
under the streets in order to use all of 
this steam to good advantage, there is 
doubtless an obstacle in the way, as many 
cities will not allow steam pipes to be 
laid under the streets. However this 
may be at present, if it could be shown 
to be safe to operate low-pressure steam 
pipes under the street, and that there 
would be a good return through this 
operation, this law could doubtless be re- 
pealed. Under these conditions, there is a 
considerable possibility that in the large 
cities the lighting companies would take 
the opportunity to increase their revenue 
through the use of exhaust steam for heat 
ing. In this way, what is now in the in- 
land cities considered a very serious draw 
that of their 
engines non-condensing or expend a very 
amount of money for cooling 

would be turned into channels 
would result in a large income 
and, far from being a drawback, would 
be a decided help. 


back, having to operate 
large 
towers, 
which 





In our description of the power plant 
of the city of South Norwalk, Conn., pub- 
lished in the February 25 number, the 
name of the chief engineer of the plant, 
W. H. Mosher, was inadvertently omitted 
in assigning credit for the excellent con- 
dition shown. Mr. Mosher is prominent 
in the N. A. S. E., being president of the 
local association, No. 14, and had con- 
siderable to do with developing the plant. 





It is said that a cement that will resist 
white heat may be made of pulverized 
fire-clay 4 parts, plumbago 1 part, iron fil- 
ings or boring free from oxide 2 parts, 
peroxide of manganese 1 part, borax ™% 
part, and sea-salt % part. Mix these to a 
thick paste, and use immediately, heating 
gradually when first using. 





Sulphur is one of the best things for 
hot bearings, and is often used at sea on 
engine guides and crank pins. It is best 
used in a powdered form mixed with oil. 





Complete figures for the exports of ma- 
chinery for 1906 and 1907 are now avail 
able, and show a gross increase in valu: 
of from $107,998,000 to $120,784,000. 
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Motor 


Induction 


Interesting 
Experiences 


By F. McNEILL 


Induction motors, like all other power- 
generating machines, most efficient 
when working at or near their rated capa- 
city, but in addition to this they draw 
from the line from 35 to 4o per cent. of 
their rated current when operating at no 
load. 

This fact brought the 
writer rather forcibly not long ago, while 
testing a three-phase plant; the object of 
the test being to locate a great loss of 
that the 
plant was sustaining. 
condition of the plant 


are 


was home to 


sure the 
3riefly stated, the 


power manager was 
was as follows: 
800-kilowatt 
one 75-kilowatt generator: 


and 
(all 
to 100 horse- 
three 50-kilowatt lighting trans- 

For making the test I had only 
one 0-30-kilowatt Weston indicating watt- 
meter, and one which read from o to 1.5 


One 700-kilowatt, one 
65 motors 
induction) ranging from 10 
power, 


formers. 


Cc 
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huge copper shunt of sufficient capacity to 
carry the total current without perceptible 
heating, and of sufficient resistance to 
allow 29/30 of the total current to pass 
through it multiple 
with the current of the instrument, 
was adjusted, as shown at D. In other 
words, this copper shunt was adjusted so 
that when 30 kilowatts was really passing 


when connected in 


coil 


through the instrument and copper shunt, 
the instrument indicated only 1 kilowatt, 
the other 29 being by-passed, as it were. 

The total current could now be passed 
through this arrangement and the deflec- 
tion of the instrument multiplied by 30 
would give the correct reading. 


ENERGY IN 
CIRCUIT 


To MEASURE \ 3-PHASE 


In passing, it might be well to say that 
the way to measure the energy in a bal 
anced three-phase circuit with a single in 
the in 
strument, as shown in the sketch, without 


dicating wattmeter is to connect 


the shunt, and take two readings, one just 
as shown and one with the pressure wire 
to the C and adding 


A connected phase, 
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METHOD EMPLOYED FOR MEASURING WATTAGE 


kilowatts. The load as shown by station 
ammeters (there being no indicating watt- 
meter) was 1462 amperes at a voltage of 
140, which had to be carried by one of 
the large generators and the 75-kilowatt 
machine. 

It will be readily seen that both gener- 
were overloaded with current and 
that I had to measure the actual wattage 
with a small wattmeter, if I would know 
the 


ators 


power factor, or what per cent. of 
the current was superfluous. 

The accompanying sketch shows sub- 
stantially the method used. Here E is a 
standard Weston wattmeter, 
the current coil of which is connected in 

ries with the B phase of the main line 
rom the generator. The pressure coil is 


onnected as shown, one side to the line 


indicating 


which the current is being measured, 
’ which it is permanently connected, the 
ther side being connected temporarily to 
ither of the remaining lines, and so that 

may be readily changed from one to the 
ther. These preparations being made, 
ufficient current was passed through the 
nstrument so that it would read exactly 
30 kilowatts at a pressure of 440‘volts. A 


the two together. This will give the total 
power flowing in the circuit. In 
that the instrument 


when connected to one line and reads cor 


case, 
however, reverses 
rectly on the other, the smaller should be 
subtracted from the greater. This only 
happens when the power factor is below 
50 per cent. 

To correct the instrument in case of 
reversal, it is necessary only to reverse 
its pressure With a current of 
1462 amperes at 440 volts the apparent 
power output would be 1462 X 1.732 X 
440 = 1114 kilowatts. The readings |] 
eot on the indicating wattmeter were 22 
and 17.1. These added together and mul- 
tiplied by 30, on account of the copper 
shunt, give 


its wires. 


only 579 kilowatts, making 
the power factor 579/1114, or 51 per cent., 
which, of course, meant that 49 per cent. 
of the output of current wattless. 
did indicate a that 
amount of power, but it made more cop 
per necessary to transmit the current. and 
caused undue heating of the generators. 
Also, it will be seen that the generators 
had reached their limit of current capacity 


while they were actually underloaded in 


was 


This not loss of 
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kilowatts. I could think of.only one cause 
cf this condition, i.e., underloaded motors 
and transformers; and while | started at 
once to test the motors individually, and 
expected to find some of the larger motors 
running at about half load, I was totally 
unprepared for what I did find. 


A Case or Too Many Morors 
In one instance there were eight 100 
herse-power motors placed so closely to- 
gether that one had to walk sidewise to 
get them. The test of 
motors at their maximum load showed a 
Any 


one of the machines could easily do the 


between these 


tctal load of only 104 horse-power 


work of all eight and have power to spare. 
I had seven of the motors taken out and 
run through and direct-con 
the Loose 
pulleys. were put on for the purpose of 


a line-shaft 


nected to remaining motor 


stopping the individually driven machines 


Afterward (there being plenty of spare 
machines) one was placed at the other 
end of the shaft, but with the coupling 


bolts left out, as it was only to be used 


in case of an accident to the first on 
\ll over the plant much the same con 
dition was found. Only in one or two 
instances did I find motors that were 
opcrating at full load, and they were small 
ones. [ven the transformers had onl 
ll day 


about one-quarter load, and 


primaries were left on and the secondaries 


had no load This trouble was remedicd 
by installing small transformers for each 
building They had these smaller trans 
formers at the plant, but had supplanted 


them when changing feeders 
When the 


twenty 


work was finished we had 


two motors and three transform 


had 


load to 875 amperes and the actual kilo 


ers to spare; reduced the current 


watt load to 470, which raised thx 


powcr 
factor 70 per cent. Heretofore | have 
always been very sure to buy motors 
plenty large. but in future | will also 


watch the too large end. 


University Politics 

It seems that Prof. William Kent, dean 
of the Lyman C. Smith College of Ap 
plied Science of Syracuse University, and 
Chancellor James R. Day, head of the 
university, are in disagreement, according 
to press reports, and that Professor Kent 
he 
called for an investigation as to the safety 


has been asked to resign, “because 


of the college building while the chan 
New York.” In 
nection it is interesting to note that the 


cellor was in this con 
senior and junior classes of the school 
the 


committee protesting against its 


presented resolutions to executive 
action, 
with the result that three of the signers 
were suspended on the ground of “insub- 
ordination.” This latter the 
college authorities aroused a storm of in- 
dignation which culminated in the entire 
strike.” 


action of 


senior class going “on 
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Location of Gas Engine Igniters 





By M. R. WELLs 


One sometimes hears various opinions 
regarding where the igniter should be 
placed in the cylinder of a gas engine in 






































FIG, I 


The in- 
dicator diagrams here shown may make it 
more clear as to just what effect the loca- 


order to obtain the best results. 


tion of igniters does have. Figs. 3, 4 and 














—? ‘- ring 
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FIG. 2 


5 were taken from a three-cylinder en- 
gine running at 260 revolutions per minute. 
The cylinders had 15-inch bore and 14- 
inch stroke. Fig. 1 gives a general idea 
of the arrangement of such parts as con- 
cern the present case. Normally, a make- 
and-break igniter was placed at X, Fig. 
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I, but in order to note more easily the 
effect due to position only, jump-spark ig- 
nition was temporarily used. By this 
means, it was a comparatively simple 
matter to locate another plug at Y, Fig. 1, 
and shift the high-tension wire from one 
plug to the other while the engine was 
running, thus doing away with the possi- 
bility of changing any conditions, other 
than location of the spark. The indicator 
was located at Z. 

With the engine pulling a fixed brake 
load and the timer set to make contact 25 
degrees before dead center, Fig. 3 was 
taken while the spark was occurring at X. 
The wire for one cylinder was then trans- 
ferred to the plug at Y and Fig. 4 was ta- 
ken. It may be noticed that plug Y was 


























FIG. 3 


located in more or less of a pocket and 
that with the cylinder design shown, the 
mixture at Y would contain a much great 
er per cent. of burnt gases than would be 
expected at X, where the mixture would 
naturally be very little diluted with ex- 
haust gases. The slow rate of flame 
propagation is clearly indicated in Fig. 4, 
where combustion was not yet completed 
when the piston had reached the middle 
of its stroke. 

Fig. 5 shows that in order to obtain the 
maximum pressure at approximately the 








FIG. 4 


dead center, it was necessary to set the 
timer to make contact at approximately 
60 degrees before center, when the spark 
occurred at Y. It is evident that igniting 
the charge at X gave better results in 
this case, where the engine was running 
on natural gas, than igniting at Y. It is 
hoped, however, that these diagrams will 
not mislead anyone into thinking that it 
is always desirable to locate the igniter 
where it will cause complete combustion 
in the shortest possible time. On the 
contrary, in some comparatively slow- 
speed’ engines running on gasolene, for 
instance, the combustion proceeds at a 
higher rate of speed than is desired, and 
in such cases a much sweeter running 
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engine results from locating the igniter 
at some point similar to Y, thus reducing 
the rate at which combustion proceeds. 
Again, in the case of two engines hav- 
ing the same general design of cylinder, 
but with one running at high speed and 
the other at low, it might be as unde- 
sirable to locate the igniter at Y in the 


\ 
| 
| 





SR 





FIG. 5 


case of the high-speed engine, as at X 
in the low-. The diagrams are given sim- 
ply to call attention to what extent the 
location of the igniter may affect the ac- 
tion of the engine and thus help some to 
a better consideration of this point when 
designing an engine cylinder. 

While investigating the subject, the 
writer wished to locate an igniter plug at 
the center of the cylinder-head for the 
sake of comparison, but as the design 
made this impracticable, he tried another 
scheme, more as a matter of curiosity, 
for igniting the charge near the center 
Fig. 2 shows a secondary chamber, made 
up of standard pipe fittings, which was 
inserted at Z in the place of the indicato: 
cock. The indicator was then transferred 
to a new position as shown at the top of 
this secondary chamber. 

Some may wonder why the secondary 
chamber was necessary, and for their 
benefit it may be explained that the hole 
in the cylinder-head, leading to the indi- 
cator, was only % inch in diameter, and 
as I remember, almost 10 inches long; 
therefore, the secondary chamber was 
added above the new location for the ig- 





FIG. 6 


niter plug in order that the dead gases 
which otherwise would collect around the 
plug and prevent ignition might be com 
pressed into the chamber and allow the 
fresh mixture to enter this passage at 
least as far as the igniter. 

Figs. 6, 7 and 8 were taken with the ig- 
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niter thus located and although not ex- 
actly comparable with the preceding ones, 
indicate several interesting points, some 
of which are the following: 

The peculiar kick at the end of the 
compression stroke shows that ignition 
took place in the secondary chamber com- 
paratively early. The abrupt rise in pres- 
sure, followed by an equally abrupt fall 
to a point below that of the compression, 





FIG. 7 


indicates that a rapid combustion took 
place in the secondary chamber and that 
the 14-inch passage leading to the main 
cylinder caused considerable throttling ac- 
tion, thus causing the pressure in the sec- 
ondary chamber to be considerably dif- 
ferent from that in the main cylinder. 
Combustion in the secondary chamber 
was evidently completed and followed bj 
a rapid cooling action before combustion 
in the main cylinder had hardly started. 
The writer has reasons to believe that this 
rapid cooling effect, in combination with 
the throttling action of the small passage, 
actually caused the pressure in the sec- 
ondary chamber to drop below that in the 
main cylinder, as the diagram indicates 
Perhaps many will say that the inertia of 
the indicator parts accounts for the line 
going below the compression curve and 
that the pressure indicated is false. The 
writer, other than to say that he does not 
accept this last explanation, does not care 
to discuss the point further at this time, 
because of its being considered at length 
in another article which he is preparing. 
It is quite probable that a tongue of 
flame was shot from the secondary cham- 
ber into the main cylinder, thus causing a 
more rapid combustion than would a 
spark alone. It may be noted that Figs. 
5, 6 and 7 all show a good combustion 
line. 
That the charge was ignited near the 





Fic. 8 


center may have been responsible for a 
part of the effect noted, hence the last 
three diagrams give no definite idea of 
what might be expected by so placing a 
spark plug that the main charge would be 
ignited near its center and directly from 
the spark itself. 

The last diagrams are given principally 
because they are interesting and not so 
much on account of their being of practi- 
cal value. 
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By ETHAN VIALL 


The accompanying 
the manner in which three large boilers 








illustrations 





Moving Large Boilers 





show 
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horse-power, weighs 25,000 pounds, and 
cost the city $4000. 

The blocking was built up to the re- 
quired hight, the boilers rolled out on 
it and then jacked down, a block at a 
time, by hand. The three boilers were set 
in place without mishap. 





Fatal Fly-wheel Accident 


Two men were killed and several others 
injured as the result of a fly-wheel acci- 
dent at the North Shore Electric Com- 
pany’s old plant at Waukegan, IIL, on 
April 22. An accident to the governor 
belt allowed the engine to “run away” and 
the fly-wheel burst. It was an 18-foot 
wheel, with a normal speed of 80 revolu- 
tions per minute. 

It was reported that the superintendent 
of the plant stated that there was an auto- 
matic safety-stop, but that a little stone 
got into it and prevented its working. 
Aside from injuries to person, the plant 
was badly damaged, and street and house 
lighting interfered with seriously. 





A startling illustration of the force of 
the wind was given during a recent storm 
in the collapse of a portion of the Penn- 
sylvania Light, Heat and Power Com- 
pany’s building at Pittsburg, Penn. Front 




















































SHOWING HOW BOILER WAS BLOCKED UP 


were lowered over an embankment and walls fell into the street, and broken elec- 
placed in position at the city water works 
at Decatur, III. 


tric wires set fire to the ruins, but the 


Each boiler is of 300 flames were quickly extinguished. 
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Some Things a Manufacturer 
Should Know About 
| Coal * 


When plants are at any great distance 
from the mines it becomes necessary to 
store a quantity of 


of coal. 


This involves additional expense due to 


considerable 


the extra handling, value of storage space, 
and loss of coal both mechanically and 
chemically. The loss due to oxidation 
weathering of coal not only reduces 
the calorific value of the coal, but as the 
temperature of the pile rises the oxida- 
tion becomes more rapid until the igni- 
tion temperature is reached, and much ad- 
ditional labor and expense are necessary 
to prevent the burning of the coal and 


or 


often the destruction of other property. 
There are many theories as to the cause 
of spontaneous combustion in coal piles 
and several remedies have 
with more or less success. 


been tried, 
Storing coal 
under water seems to be the only method 
of absolute prevention. Sulphur is gen- 
erally referred to as the cause of spon- 
taneous combustion, but each per cent. of 
sulphur, if burned completely and no heat 
was radiated fror: the pile during the 
slow combustion, would raise the temper- 
ature of the pile only 200 degrees Fahren- 
heit. Many cases of spontaneous combus- 
tion occur in piles of coal that contain 
less than 1 per cent. of sulphur, and an- 
alyses of ccal from heated piles show 
that only a small percentage of the sul- 
phur has been oxidized. Some heat must 
be radiated from the pile and a temper- 
ature considerably above 200 degrees Fah- 
renheit is necessarily reached. Should 
the sulphur exist in the form of pyrites 
and both the iron and sulphur oxidize, 
the heat generated would not be great 
enough to cause the temperature of the 
pile to rise as high as 550 to 600 degrees, 
which temperatures have been reached be- 
fore the coal really ignited. Excessive 
moisture may play some part in causing 
spontaneous combustion, but exceptions 
to this are many. The hight to which the 
coal is piled is generally considered a very 
important factor, but frequently the hot- 
test part of a pile twenty feet deep is 
within three feet of the surface. In one 
case a pile of coal ten feet deep took fire 
about six feet below the surface and in 
another part of the same pile the coal 
was thirty-five feet deep with no signs 
whatever of heating. Some coals store 
better than others, the reason for which 
seems to depend upon the physical struc- 
ture rather than the chemical composition. 


or AtR PLAys IMPORTANT 
PART 


CIRCULATION 


It seems that the rate of circulation of 


*Abstract of paper presented by E. G. 
Bailey, of the Arthur D. Little Laboratory, 
Boston, Mass., at the recent meeting of the 
National Association of Cotton Manufacturers. 
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air through a coal pile has more to do 
with this question than any other condi- 
tion outside of the character of the coal. 
The heating 
throughout a pile, as there are usually 


is mostly very irregular 


spots is 


higher 


where the temperature much 
than in the surrounding space. 
For this reason the usual method of tak- 
ing temperature measurements in a pile 
by letting a thermometer down a set of 
pipes scattered throughout the pile is 
very unsatisfactory, as the hottest spot 
that will soon cause trouble may be missed 
entirely. of the 
safety limit temperature of a 
coal pile is frequently asked, and it is 
rather difficult to answer, for a coal pile 
may heat up to a pretty high degree, then 
cool down without being moved. But if 
there is enough heat generated to raise 
the temperature of the coal pile to 212 de- 
Fahrenheit, the moisture being 
evaporated at or before this temperature 
is reached leaves only the dry coal, which 
has a comparatively low specific heat, to 
be heated. The heating takes place much 
faster and the rate of oxidation also in- 


The question what is 


for the 


grees 
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coal might give more satisfactory results 
than are being obtained with the highest- 
priced coal on the market, but the risk of 
experimenting has seemed too great for 
the management to consider stepping out 
of the well-beaten path. 

Coal varies more in character and qual- 
ity than any other mineral produced. In 
character it found all 
stages lignite and anthracite. 
Each different kind is more applicable for 
one purpose than another. 


is in successive 


between 


THE MEAsvurRE oF. “VALUE” oF COAL 
In buying steam coal the amount of 
heat that may be developed from it is 
the measure of its value to you. There is 
no by-product that may be utilized, except 
that in some cases the sale of ashes might 
be considered in this connection, but their 
removal is generally an additional expense. 
Two coals at the same price and contain- 
ing the same number of heat units may 
not be equally desirable. The difference 
in volatile matter might cause the lower 
to prove more satisfactory under certain 
conditions of smoke restriction, while the 


Relative Cost, Per 
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A |1.25; 17.94 73.15 7.66 |2.07 14354 9.93 | $4.60 | $4.60 $4.60 
B 1.43] 17.59 71.58 9.40 {1.09} 14032 9.73 | 4.55 4.65 4.64 
C j1.17| 30.51 61.01 7.31 |0.99) 14251 9.79 4.65 4.69 4.71 
D 1.36) 16.42 71.35 10.87 (|1.77 13811 9.60 | 4.58 4.76 4.74 
E /1.75| 19.58 71.95 6.72 |0.82| 14533 10.03 4.86 4.80 4.79 
F '3.72| 21.06 66.90 8.32 {1.36} 12834 8.80 4.40 4.92 4.96 
G 1.74} 31.16 53.68 13.42 |2.93) 12833 8.67 4.60 5.14 §.27 
creases with the rise in temperature. The higher volatile coal would probably be 


carbon in the coal evidently oxidizes to a 
considerable extent, as large percentages 
of carbon dioxide have been found in coal 
piles at comparatively low temperatures. 


LIMITATIONS OF PLANTS A FACTOR 


Many plants are so limited in boiler ca- 
pacity, have such poor draft, or some kind 
of grate or stoker that it is possible for 
their boiler room force to keep steam 
with only certain kinds of coal. While 
this is not an ideal state of affairs it is a 
condition that exists in a large percentage 
of the power plants in this country and 
unless a man knows what coal will de- 
velop the required boiler horse-power in 
his plant he may have the costly expe- 
rience of shutting down a part or all of 
his mill. There is a great deal of differ- 
ence in the rate of combustion of differ- 
ent coals. The percentage of volatile 
matter, coking properties, amount and na- 
ture of ash are the principal factors upon 
which depends this characteristic in vari- 
ous coals. Not always do the better or 
higher-priced coals give the best satisfac- 
tion under such conditions, for a cheaper 


more applicable in a plant with fluctuat- 
ing load. The amount and nature of ash 
in regard to the formation of clinker often 
needs to be considered. 

The liability of spontaneous combustion 
of one coal more than another may make 
it advisable to pay several cents per ton 
more for one coal containing no more 
heat units than the other. 

The accompanying table shows the analy- 
ses and results of evaporation tests of some 
of the better coals, together with their 
price f.0.b. cars at the plant of an inland 
New England mill. The relative values 
have been calculated by taking coal 4 as 
a basis and determining what will be the 
cost of the equivalent amount of coal re- 
quired to produce the same number of 
heat units as coal A produces for $4.60 
per ton. For example, should you buy 
coal F at $4.40 per ton your coal bill 
would amount to the same as if you had 
bought coal 4 and paid $4.92 per ton for 
it, but as you can get coal 4 for $4.60 you 
would save 32 cents per ton by taking coal 
A instead of coal F at the given prices. 

In this case it appears that neither the 
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best nor the lowest-priced coal would be 
the cheapest to buy. 

In this table the coals are arranged in 
order of cost for equal amounts of heat 
generated and equal evaporation, but in 
selecting a coal for any particular plant it 
might be policy to select a coal that would 
cost a littke more money in order to ob- 
tain’ some particular advantage that a 
certain coal might have over another. 
Comparing coals A and B, coal A appears 
to be better in every way except that it 
contains about I per cent. more sulphur 
than does B. For steam purposes the sul- 
phur is of little importance below 2 per 
cent. at least, so that coal A would prob- 
ably be selected on account of its being 
five cents per ton cheaper on a heat unit 
basis and there would also be less ash to 
handle. In case a plant had limited draft 
and boiler capacity a coal like C might be 
selected in preference to B or even A 
with a difference of nine cents per ton 
in favor of coal A. Should the preven- 
tion of smoke be an item of considerable 
importance coal D would probably be pur- 
chased at an additional expense of seven 
cents per ton as compared with coal C. 
Of the two coals D and E there is a dif- 
ference of only four cents per ton, and 
that would scarcely pay for the additional 
cost of handling ashes, the possibility of 
not being able to carry the load without 
the use of more boilers, and other ex- 
penses that are greater with a poorer coal. 

While coal E is the best all-round coal 
it would not pay to purchase it when coal 
A could be obtained for 20 cents per ton 
cheaper on a heat unit basis, and 19 cents 
per ton cheaper on an evaporation basis. 

Coals F and G are both much inferior 
to the others and their purchase would 
not be considered when any of the other 
coals were available at the given prices. 
Judging from the ash and sulphur alone, 
it would seem that coal F would be 
better than either B or D, but a certain 
characteristic appears in this coal that 
makes it different from any of the others. 
It is “crop” or “red” coal coming from a 
part of the seam near the outcrop has 
become saturated with the surface water 
that has been percolating through it for 
hundreds of years. The moisture is much 
higher than in any of the other coals and 
it contains a still larger percentage of 
combined water that is not driven off by 
the mere drying of the coal. If a man 
were depending upon the ash determina- 
tion alone he would never detect that he 
was receiving an inferior quality of coal; 
in comparison with coal A he would be 
paying 20 cents per ton less for the coal, 
yet he would have to burn so much more 
of it to develop the same horse-power 
that he would actually be losing 32 cents 
per ton, or $16,000 per year on a 50,000- 
ton contract. 

Coal G is high in ash and sulphur and 
correspondingly low in B. t. u., so that it 
would be a very expensive fuel to burn 
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at the price quoted, and in comparison 
with the other coal you would not con- 
sider it. Yet there are thousands of tons 
of it being burned and the manufacturer 
seems to be willing to pay the price. 

In the preceding table the equivalent 
evaporation in pounds of water from and 
at 212 degrees Fahrenheit is given as de- 
termined in carefully conducted boiler 
tests on the same boiler. They represent 
the average of two or more tests under 
as nearly identical conditions as it is pos- 
sible to maintain, thus accounting for the 
closeness of their comparison with the 


B.t.u. determination. Duplicate boiler 
tests on the same _ coal _ frequently 
vary 5 to 10 per cent. even though 


the method of firing and the rate of com- 
bustion have changed as little as possible. 
The chemical analysis and calorimetric 
determination will represent the value of 
coal within I per cent., providing the 
samples are properly taken. The plea for 
evaporative tests because they are prac- 
tical is counterbalanced by their failure 
to burn the coal under equally comparable 
conditions in two or more cases. A fire- 
man must become accustomed to different 
coals and find wherein they must be 
handled differently in the fire-box in order 
to obtain the best evaporation from each. 
The laboratory tests are generally con- 
sidered as theoretical and_ unreliable. 
But theory and practice always agree 
when they both represent the facts. 


CoaL DELIVERED SHOULD Be SAME As 


TuHat SELECTED 


After the most economical coal has been 
selected, it remains for the manufacturer 
to that such coal is delivered. 
Throughout the year the coal company 
may send coal of different quality from 
other mines, or the quality of the coal 
from the same mine may change, due to 
impurities encountered in the seam or lack 
of preparation at the mine. The coal 
operator may know of the change in 
quality as many of them follow up their 
product by chemical analysis and inspec- 
tion much more closely than does the pur- 
chaser, but it is the manufacturer’s place 
to know what he is getting and prove 
to the coal company that the coal has 
changed and that he is not receiving the 
coal he is entitled to by the contract. The 
results of an evaporative test mean but 
little to anyone except the man who con- 
ducts them, and apply only to the one 
plant and set of conditions under which 
they were made, while the analysis of 
coal is now on such a standard basis that 
the results are comparable whether the 
sample is taken at the mines, en route, or 
at the destination. There are many an- 
alyses published and given out by a large 
number of coal companies that represent 
selected samples of the coal from certain 
parts of the seam that are absolutely 


see 


valueless as representing the quality of 
coal actually loaded at their tipple. 


Such 


— 
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a policy is short-sighted and is fortu- 
nately disappearing, for the consumer is 
going to find out for himself when the 
coal reaches his plant, and the comparison 
of results is generally to the discredit of 
the coal company. But the person who 
has suffered the most from this practice 
is the coal man who does give represen- 
tative figures, for he is judged by the con- 
sumer as also giving fancy results and 
allowance is wrongly made for shrinkage. 
The present-day tendency is to buy coal 
on a B.t.u. basis, adjusting the price for 
the coal delivered in accordance with its 
quality. 
into 


The advisability of carrying this 
effect depends the tonnage, 
method of delivery, and difficulty in other 
wise obtaining a uniform product. The 
fact that a its 
coal is being systematically analyzed is 
generally sufficient to insure the delivery 


upon 


coal company knows 


of coal of uniform quality 





Tar Oil as Fuel 


The modified tar oil produced as a by- 
product in the manufacture of roofing 
papers has been successfully applied to 
the production of steam, being used just 
as is fuel oil under boilers. A 
series of recent tests was made with tar 
oil having a density of 1.062 (water = 1) 
at 26 degrees Centigrade. The 
tained 2 per of moisture. In 
successive trials equivalent evaporation 
was obtained of 12.12 pounds and 13.57 
pounds of dry steam per pound of dry 
tar. Trials with crude oil, under the same 
boilers, at about the same percentages of 
rating, of 
11.25 and 12.36 pounds. Two later tests 
on tar oil gave equivalent evaporations of 
10.87 and 11.40 pounds. ‘The tar oil is 
much cheaper than fuel oil, in the vicin- 
ity of New York, at least. 


steam 


tar con- 


cent. two 


give equivalent evaporations 





Many tests have been carried on to as- 
certain percentage of swelling that takes 
place in cast iron and these tests have 
shown the of producing a 
swelling of as much as 40 per cent. in the 
volume of cast iron, by heating and cool- 
ing. 
by 14.8 inches long was heated and cooled 
in a gas furnace 27 times, the high tem- 
perature being 1450 degrees Fahrenheit. 


possibility 


A bar measuring one inch square 


Careful measurements then showed the 
bar to be 1% inches square, and 1614 


It is thought that this fact 
explains many of the difficulties experi- 
enced with cast-iron fittings for use with 
superheated steam, where the same sort 
of alternate heating and cooling take place. 


inches long. 





Experiments by the Danish government 
with windmills for electric power genera- 
ation for industrial and agricultural pur- 
poses have demonstrated that those of the 
four-wing type are the most successful. 
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Performance of Fan Blowers 





Simple Rules, Formulas and Tables for Computing the Power 
Required to Drive Them and Capacity They Are Expected to Develop 
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The action of a fan is most simply 
illustrated by revolving a tube about an 
axis at right angles to and midway of its 
length. If an opening is made around 
this axis air will enter, traverse the tube 
to its ends, and there be thrown into the 
atmosphere. Its velocity of discharge will 
depend upon the speed of rotation of the 
tube. A fan with side plates and numer- 
ous blades forms in effect a series of ra- 
dial tubes of rectangular form, through 








TABLE 1. FUNCTIONS OF AIR IN MOTION 
BASED ON PRESSURE IN OUNCES. 
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| 
| Volume 
| Discharged 
| Through |Horse-pow- 
Pressure | Vélocity of | cereal ae ogy 
per Square) Dry Air at ["{ ae ences Ga 
Inch in | 50° in Feet | yndh rt. ume Under 
Ounces. | per Minute. | fective |Given Con- 
Anes. . Cu.) ditions. 
. Per 
| Minute. 
a | 
| 
rf 2,585.0 {| 17.95 0.00122 
; 3,653.8 25.37 0.00346 
4,472.6 | 31.06 0.00635 
1 5,161.7 | 35.85 0.00978 
14 5,768.0 | 40.06 0.01366 
14, 6,315.2 | 43.86 0.01794 
1j 6,817.6 47 .34 0.02260 
2 7,284.4 50.59 0.02759 
24 7,422.2 53.63 0.03291 
24 8,135.7 56.50 0.03852 
23 8,528.3 59.22 0.04442 
3 8,902.8 61.83 0.05058 
34 9,261.5 64.32 0.05701 
34 9,606.1 66.71 0.06368 
33 9,938.0 69.01 0.07058 
a 10,258.6 | 71.24 0.07771 
44 10,568 .8 73.39 0.08507 
44 10,869.5 75.48 0.09264 
4} 11,161.5 77.51 =| 0.1004 
5 11,445.5 79.48 0.1084 
54 11,722.0 81.40 | 0.1166 
| 11,991.5 83.24 | 0.1249 
5 12,254.8 85.10 0.1335 
6 12,511.9 86.89 0.1422 





which the air flows to the circumference 
at a rate dependent upon the rotative 
speed. 

The direction of discharge from the 
tips of the blades will vary from nearly 
tangential to approximately radial, ac- 
cording as the blades are straight, or 
curved forward or backward at their 
tips. With the ordinary type of fan, with 
straight blades, the maximum velocity of 
discharge is approximately equal to the 
circumferential speed. This statement is 
generally accepted as the basis for fan 
calculations, but it does not hold true for 
conditions which depart materially from 
the ordinary construction. A fan with 
large inlets and numerous small blades 
curved forward, will produce a velocity of 
air considerably in excess of the speed 
of the circumference. 

The velocity produced by a fan is 


WALTER 


B. 





readily transformable into pressure in the 
inclosing case. That is to say, velocity 
and yressure have a fixed relation, as is 
snown by the well-known formula: 


vay 2gh 


This is based on the law of falling bodies ; 
the value V being ordinarily expressed in 
feet per second; g being the acceleration 
due to gravity, which equals 32.16; and 
h the hight or distance fallen through. 
From this formula it is evident that in 
theory the veiccity varies as the square 
root of the pressure, and the pressure as 
the square of the velocity. 

In the case of free air, the value of 
h, called the “head,” is equivalent to the 
hight of the atmosphere, in which the 
density decreases as the distance from 
the earth increases. Through a knowl- 
edge of the pressure and density, this 
night may be resolved into that of a col- 
umn of equal density throughout; for 

a=“, 

in which p is the pressure and d is the 
density. If we establish as a standard 
the atmospheric pressure as 14.69 pounds 
per square inch, and its weight per cubic 
foot when dry at 50 degrees Fahrenheit 
as 0.077884, the ideal hight will be 27,160 
feet. The previous formula will deter- 
mine the following theoretical velocity 
for air flowing from the atmosphere into 
a vacuum: 


V= \ 2g X 27,160 = 





\ 64:32 X 27,160 = 1391.7 


feet per second. 


Under these conditions the total head 
is really the actual head, although for 
simplicity's sake it has been reduced to 
that of a homogeneous column. When 
air is discharged through an orifice, prac- 
tically the entire head or pressure is 
transformed into velocity. But when re- 
sistance other than that of the atmosphere 
is to be overcome, such for instance as 
that presented by a system of piping, a 
portion of the total head is necessarily 
utilized for the purpose; this is desig- 
nated as the pressure-head. Only that 
which remains is available for the pro- 
duction of velocity; this is called the 
velocity-head. For the immediate present, 
however, we have only to do with con- 
ditions under which the velocity-head is 
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equal to the total head, and there is no 
piping or similar resistance to be over- 
come. 

If the pressure p is to be expressed in 
ounces per square inch, and allowance 
properly made for the increased density 
of the air due to compression, the basic 
formula finally reduces to the following: 

vine J 1,746,659 XP 
235 +P 
in which the velocity is determined in 
feet per second. 

When the pressure is expressed in 
inches of water, and indicated by h, the 
formula takes the following form: 

1,746,659 x & 


v=,| 
406.7 + 4 


By means of these formulas the basic 
Tables 1 and 2 herewith have been calcu- 





TABLE 2. ELOCITY OF AIR CORRES- 
PONDING TO GIVEN PRESSURE IN 
INCHES OF WATER. 


Pressure in \Velocity of|Prescure in| vetocityBot 


Inches of | Dry Air at | |Dry Air at 
Water per |50° in Feet a 150° in Feet 
Square Inch. per Minute. Theh [Per Minute. 
—- ——_ 
0.1 | 1243.3 2.6 6320.0 
0.2 1758.0 2.7 6439.7 
0.3 2150.4 2.8 6557 .0 
0.4 2485.6 2.9 6672.3 
0.5 2778.7 3.0 6785.5 
0.6 3043.5 3.1 6896.8 
0.7 3287 .0 3.2 7006.3 
0.8 3513.5 3.3 7114.1 
0.9 3726.1 3.4 7220.2 
1.0 3927 .2 3.5 7324.7 
oe 4118.4 3.6 7427.7 
ee 4301.0 3.7 7529.3 
1.3 4476.1 3.8 7629.4 
1.4 4644.5 3.9 7728.2 
1.5 4806.9 4.0 7825.7 
1.6 4963.9 4.25 8064.1 
1.7 5116.1 4.5 8295.4 
1.8 5263.7 4.75 8520.1 
1.9 5407 .3 5.0 8738.8 
2.0 5547.1 5.25 8951.8 
2.1 5683.4 5.5 9159.7 
2.2 5816.5 5.75 9362.8 
2.3 5946.4 6.0 9561.2 
2.4 6073.6 6.25 9755.4 
2.5 6198.1 6.50 9945.8 
lated. One ounce pressure is equal to 


1.73 inches of water. 

The tabulated volume discharged 
through the orifice having an effective 
area of one square inch is evidently the 
product of the corresponding velocity into 
that area, expressed in square feet. The 
difference which always exists between 
the effecttve area and the actual area of 
discharge is to be noted, for by its con- 
traction of the stream, the shape of the 
orifice has great influence on the volume 
which passes through it. 
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FoRMULA FOR HorsE-POWER 
The theoretical horse-power required 
to move a given volume under the giv- 
en conditions is found by the following 
formula: 


Ps pm eae 
33,000 

in which 

V = Velocity in feet per minute; 

a = Area in square feet; 

p = Pressure in pounds per square foot. 

From this it is evident that the power 
required is measured by the distance 
moved, or rate of movement against a 
given total pressure, which pressure is 
the product of the area into the unit pres- 
sure; consequently, the power varies as 
the cube of the velocity. Of course, the 
area in this case is constant at one square 
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that with a given ideal head, the velocity 
of air issuing at high temperature will 
be less than that of air at lower temper- 
ature. Conversely, and in other words, 
the higher the temperature the less the 
density, and the greater the velocity re- 
quired to produce a given pressure. This 
is the practical condition found in oper- 
ating a fan applied for induced draft. 


DENSITY 
The density is proportional to the ab- 
solute temperature; thus, for instance, the 
absolute temperature at 50 degrees Fah- 
renheit is 
461 + 50 = 5II degrees, 
while that at, 
heit is 


say, 550 degrees Fahren- 


461 + 550 = loll. 





TABLE 3. 


RELATIVE INFLUENCE OF TEMPERATURE UPON 














AIR AND ITS 
MOVEMENT. 
gf | a of 55 od ge8 Soe | g 
s | : sf | mg | Mee =S3g8 ccsenecesy 
Go | @ 5 50 EF bee | Eyr As e=c55\,3-22 
eo = = a> oa Lt SD oo PM 6/08 o te 
© 3 a fe} oD", QEoOS, BS SiBae Ss 
eh fa) > = os =s85 2235.5 Sos B>|OSo>s 
a) | ao Ps S55 & s&25 905 \Py “e's 
a | p s) = O=P it =) 
| — 
30 1.04 0.96 1.04 0.98 0.96 0.96 1.04 0.96 
40 1.02 0.98 1.02 0.99 0.98 0.98 1.02 ! 0.98 
50 | 1.00 1.00 1.00 1.00 1.03 1.00 1.00 1.00 
60 | 0.98 1.02 0.98 1.01 1.02 1.02 0.98 1.02 
70 0.96 1.04 0.96 1.02 1.04 1.04 0.96 1.04 
80 0.94 1.06 0.94 1.03 1.06 1.06 0.94 1.06 
90 0.93 | 1.08 0.93 1.04 1.08 1.08 0.93 1.08 
100 0.91 1.10 0.91 1.05 1.10 1.10 0.91 1.10 
125 | 0.87 2.36 0.87 1.07 | 1.15 1.15 0.87 1.15 
150 0.84 1.20 0.84 1.09 1.20 1.20 0.84 1.20 
175 0.81 1.24 0.81 1.11 1.24 1.24 0.81 1.24 
200 0.78 1.29 0.78 1.14 1.29 1.29 0.78 1.29 
225 0.75 1.34 0.75 1.16 1.34 1.34 0.75 1.34 
250 | 0.72 1.39 0.72 1.18 1.39 1.39 0.72 1.39 
275} 0.69 1.44 0.69 1.20 1.44 1.44 0.69 1.44 
300 | 0.67 1.49 0.67 1.22 1.49 1.49 0.67 1.49 
325 0.65 1.54 0.65 1.24 1.54 1.54 0.65 1.54 
350 0.63 1.59 0.63 1.26 1.59 1.59 * 0.63 1.59 
375 0.61 | 1.63 0.61 1.28 1.63 1.63 0.61 1.63 
400 0.59 | 1.68 0.59 1.30 1.68 1.68 0.59 1.68 
425 0.58 1.73 0.58 1.32 1.73 1.73 0.58 ; 1.73 
450 0.56 1.78 0.56 1.34 1.78 1.78 0.56 1.78 
475 0.55 1.83 0.55 1.35 1.83 1.83 0.55 1.83 
500 0.53 1.88 0.53 1.37 1.88 1.88 0.53 1.88 
525 0.52 1.93 0.52 1.39 1.93 1.93 0.52 1.93 
550 0.51 1.98 0.51 1.41 1.98 1.98 0.51 1.98 
575 0.49 2.03 0.49 1.43 2.03 2.03 0.49 2.03 
600 0.48 2.08 0.48 1.44 2.08 2.08 0.48 2.08 
625 0.47 2.13 0.47 1.46 2.13 2.13 0.47 2.13 
650 0.46 2.18 0.46 1.48 2.18 2.18 0.46 2.18 
675 0.45 2.22 0.45 1.49 2.22 2.22 0.45 2.22 
700 0.44 | 2.27 0.44 1.51 2.27 2.27 0.44 2.27 
725 0.43 2.32 0.43 1.52 2.32 2.32 0.43 2.32 
750 0.42 2.37 -42 1.54 2.37 2.37 0.42 2.37 
775 0.41 2.42 0.41 1.56 2.42 2.42 0.41 2.42 
800 0.40 2.47 0.40 1.57 2.47 2.47 0.40 2.47 





inch. The actual horse-power required to 
move the air will always be greater than 
the theoretical, by an amount dependent 
upon the efficiency of the fan. The pres- 
ence of moisture in the atmosphere, and 
of variations in temperature, are sufh- 
cient to materially affect the figures in 
these tables, if the variations therefrom 
be considerable. This is particularly true 
of the influence of the temperature. Of 
course the effect of change therein is to 
alter the density, which is one of the 
factors determining the ideal head. As it 

the distance fallen through, and not 
the weight of a body, determines its veloc- 
ity; the less dense the body, the higher 
will be the column required to produce a 
riven pressure, and the greater the veloc- 
ty of discharge. From this it is evident 





Hence, the relative density at 550 degrees 
Fahrenheit is 


5I1 


lolr 0.5054; 


and consequently the relative volume of 
the same weight of air expanded by an 
increase in temperature is 
IOI 
511 
These relations, with others based on 
conditions at 50 degrees Fahrenheit taken 
as units, are expressed in the accompany- 
ing Table 3, which should be used for 
correction of results obtained by use of 
Tables 1 and 2 when the temperature va- 
ries materially from 50 degrees Fahren- 
heit. 
The relations in Table 3 may further 


= 1.978. 
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be explained for the respective columns. 
as follows: 

Column 2—Density and, hence, weight 
moved at unit velocity vary 
as the absolute temperature. 

Column 3—Volume varies directly as 
the absolute temperature. 

Column 4—Pressure at unit velocity 
varies inversely as the absolute tempera- 
ture. 

Column 5—Velocity at unit pressure 
varies directly as the square root of the 
absolute temperature. 

Column 6—Velocity required to move 
unit weight in unit time varies directly 
as the absolute temperature. 

Column 7—Pressure required to pro- 
duce velocity to move unit weight in unit 
time varies directly as the absolute tem- 
perature. 


inversely 


Column 8—Power required to move 
Mnit Vouue at unit velocity varies in- 
versely as the absolute temperature. 

Column g—Power required move 
unit weight at unit pressure varies di- 
rectly as the absolute temperature. 

Columns 2, 4 and 8 indicate the condi- 
tions existing when a fan is run at con- 
stant speed, with variable temperature of 
air. It is evident that while velocity and 
volume remain constant, the actual quan- 
tity of air measured by the weight, the 
pressure created and the power decrease 
with the temperature. 

Column 3 indicates the change in vol- 


to 


ume required to maintain constant 
weight. 

Column 5 shows the change in speed 
of a given fan necessary to maintain 


constant pressure. 

Column 6 similarly shows the change in 
speed to maintain constant delivery by 
weight. 

The fact that the ratios in columns 5 
and 6 are not alike shows at once that 
a given fan, even with change of speed, 
cannot maintain constant performance 
measured in actual weight of air and 
pressure created, with varying tempera- 
ture. A change in the fan itself is neces- 
sary to meet these conditions. Its design 
must depend upon the relations expressed 
in columns 7 and g. These indicate the 
most economical conditions that can be 
maintained, and those which should pre- 
vail when it is possible to exactly adapt 
the fan to the requirements. The folly 
of trying to deliver a constant weight of 
air by speeding up a fan as the tempera- 
ture increases is shown by the fact that 
at, say, 600 degrees the power required 
would be more than double that necessary 
if a suitably proportioned fan is substi- 
tuted. 


EFFECT OF VARYING CONDITIONS 


If a fan-wheel is revolved in a case 
with the outlet closed, and a pressure 
gage is applied to a hole in that outlet, 
the maximum pressure obtainable will 
usually be shown. If the area of the 
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hole is increased, the pressure will re- 
main substantially constant until a certain 
maximum effective area is reached. This 
is commonly known as the “capacity 
area,” or the “square inches of blast” of 
the fan. The actual area will be greater 
than the effective because of the contrac- 
tion due to discharge. If the opening be 
simply a hole in a flat plate, the area of 
that hole will be much greater than the 
end of a properly tapered pipe, through 
which the air can be discharged with 
maximum efficiency. The effective area, 
which is the real measure of the capacity, 
is dependent primarily upon the dimen- 
sions of the wheel, and secondarily upon 
its type, and the construction of the case. 
With a fan having straight blades, of the 
type in ordinary use, this area is approxi- 
mately equal to the diameter in inches 
multiplied by the width in inches, divided 
by 3, which is commonly expressed as 
DW 
3 

This serves as a basis for comparison 
of various fans, but is not to be accepted 
as accurate for all types. It has, how- 
ever, no fundamental relation to the size 
of the outlet in the casing, although in 
prevailing types the area of this outlet is 
about double the capacity area. As the 
discharge is reduced below the capacity 
area the volume is prcportionately re- 
duced. The pressure remains substantial- 
ly constant, while the power decreases 
but not in direct ratio. The point of 
highest mechanical efficiency is at or near 
the capacity area, from which it drops 
rapidly as the area is reduced. The pow- 
er necessary to drive the fan when the 
outlet is entirely closed is about one-third 
of that required at capacity area. Hence 
the reduction in power is not directly pro- 
portional to the reduction in outlet area. 

If the exact conditions under which the 
fan is to be driven could be positively 
established and maintained, there would 
be no great difficulty in determining for 
any given type the exact volume dis- 
charged, the pressure produced, and the 
horse-power required. But there is noth- 
ing inherent in the fan itself which limits 
its use to specified conditions. This is 
particularly true of those which are of 
stock size, and sold in the market for 
any use to which the purchaser may de- 
sire to put them. They may or may not 
be intelligently applied, according to the 
knowledge of the user. What is more, 
every fan has a considerable range of 
capacity, dependent upon the speed, which 
may with propriety be adjusted to suit 
the requirements. The flexibility of a fan 
is in a sense its salvation, in that it meets 
conditions where something more _posi- 
tive in its action would be unyielding, and 
hence much more closely limited in ap- 
plication. 

The curves in Fig. 1 show clearly the 
effect of change in revolutions, based 
upon the previously explained theoretical 
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ratio between velocity, pressure and pow- 
er. These are for a constant outlet area, 
and show, for instance, that by doubling 
the speed of the fan the pressure is quad- 
rupled, and the power is increased nine 
times. An increase of only Io per cent. 
in the speed is equivalent to over 20 per 
cent. increase in pressure, and to about 
33 per cent. increase in power required. 
These statements alone suffice to show 
why correct figures cannot be made un- 
less exact conditions are known and main- 
tained. 

The speed is only one of the conditions 
which materially affect the performance 
of a blower. In most cases the speed is 
maintained constant, but in mechanical- 
draft practice it is regulated to the re- 
quirements. The efficiency varies both 
with speed and delivery area. The for 
mer relation is shown in Fig. 1 for a 


18 











Relative Volume, Pressure and Lorse Power 
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Relative Revolutions of Fan 


FIG. I, THEORETICAL RELATIONS BETWEEN 
REVOLUTIONS OF FAN, PRESSURE AND 
HORSE-POWER, WITH APPROXI- 
MATE RELATIVE EFFICIENCY 


given constant area of discharge. The 
greatest variable in practice is the resis- 
tance, a change in which is in effect 
equivalent to a change in the area of dis- 
charge. The curve indicates the effect of 
increase or reduction of speed from an 
arbitrarily established point of maximum 
efficiency. A fan, for instance, may be 
applied for under-grate draft, with duct 
and inlet dampers sufficient to maintain 
the full area of the outlet of the fan. 
But this area will have no direct relation 
to the free area through the grate and 
the fuel above, which will depend upon 
the character of the fuel and the condi- 
tion of the furnace. At successive pe- 
riods the conditions may range between 
great extremes. A reduction to one-half 
the free area, due for instance to clink- 
ering, will necessitate double the velocity 
to pass the same volume. But double 
the velocity means four times the pres- 
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sure, or resistance. In point of fact, the 
pressure and velocity will not attain to 
this ratio with a fan at constant speed, 
hence the variable-speed control employed 
in mechanical draft. 

This relation does not hold with.a fan 
installed for ventilation where the speed 
is usually constant, and the free area of 
discharge greatly exceeds the capacity 
area. The result, then, is that the velocity 
and pressure are less than the maximum 
obtainable with the given fan. The vol- 
ume and the power are, however, great- 
er, while the mechanical efficicncy is less 
than at capacity area. 


BASES OF TABLES AND FoRMULAS 


But the product of the larger area, the 
lower velocity, and the lower pressure in- 
dicate a volumetric discharge and power 
requirements which are in each case pro- 
portionally less than the increase in the 
area of discharge. The fundamental ta 
bles and formulas are all based on the 
use of the entire pressure for the produc- 
tion of velocity, or, vice versa, the use of 
the entire velocity for the production of 
pressure. This holds substantially 
when air is discharged directly through 
the outlet in the casing of the fan. But, 
as previously stated, when piping is ex- 
tended, or resistance imposed as by fuel, 
a portion of the pressure is dissipated in 
overcoming the external resistance, leav- 
ing only the balance available for the pro- 
duction of velocity. These two pressures 
may be accurately determined by means 
of the Pitot tube. 

The actual conditions of performance 
found in the case of a specific fan run- 
ning at constant speed, discharging over 
various areas greater than the capacity 
area, with no external-piping resistance, 
are shown in the curves in Fig. 2. Ca- 
pacity area is expressed as unity and 
other areas as proportional thereto. 

While the performance of another fan, 
or the same fan at another speed, might 
have been somewhat different, the rela- 
tions here shown give an idea of the ef 
fect of increasing the area of discharge. 
Speaking very roughly, these curves indi- 
cate that in this instance when the outlet 
was doubled, the pressure due to velocity 
was reduced one-half, the volume was in- 
creased a little more than 25 per cent., the 
power required was increased in about 
the same proportion, while the efficiency 
dropped nearly one-half. 

Table 4 has been calculated by means 
of the formulas and preceding tables to 
show the performance per inch of width 
at the circumference for fans of various 
diameters, discharging in each case 
through the equivalent of the capacity 
area. In this form it serves as a basis 
table, which is substantially correct for 
the ordinary type of volume fan as long 
as the specified conditions are main- 
tained. The effect of change therein has 
already been indicated in Fig. 2 for a spe- 


true 
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change 
Unfor- 


for such 


Allowa :ce 
is usually a matter of judgment. 
tunately experience has not yet reached 


‘ific case. 


he point where it can be reduced to ex- 
ict coefficients to be applied under spe- 
cific conditions. It is therefore desirable 
not to figure too finely unless experience 
gives one the ability to do so with cer- 
tainty. As a rule it is far safer to allow 
sufficient margin to practically insure ex- 
cess over all the requirements. 

In Table 4 the pressure produced by 


TABLE 4. 
FERENCE 


Diameter of 
Wheel in 





Inches and Items 
Capacity 9 1 
Area in Sq.In. : 
18 in. R.P.M. TSO 950 1100 
6 sq. in. Cu.Ft. 150 190 210 
H.P 0.04. 0.08 0.12 
21 in. R.P.M. 670 S10 940 
7 sq. in. Cu.Ft. 180 220 250 
BP. 0.05 0.10 0.14 
24 in. R.P.M. 580 710 $20 
8 sq. in. Cu.Ft. 200 250 90 
mE. 0.05 0.11 O.16 
30 in. R.P.M. 465 570 660 
LO sq. in. Cu.Ft. 250 310 360 
BP. 0.07 0.14 0.20 
36 in. 2.P.M. 390 175 550 
12 sq. in. Cu.Ft. 300 370 130 
H.?. 0.08 0.16 0.23 
42 in. R.P.M. 330 105 470 
14 sq. in. Cu.Ft. 360 140 500 
mf. 0.09 0.19 0.27 
48 in R.P.M. 290 355 410 
16 sq. in. Cu.Ft. 110 500 70 
es 0:10 6.22 : 6.31 
54 in. R P.M 260 315 365 
18 sq. in Cu.Ft 460 560 650 
a5..2. 0.12 0.25°'' 0.35 
60 in. R.P.M. 230 285 330 
20 sq. in. Cu.Ft. 510 620 720 
A 0.14 0.27 0.39 
72 in. R.P.M. 195 240 275 
24 sq. in. Cu.Ft. 610 750 860 
iF. 0.17 .0.33 0.47 
84 in. R.P.M 165 205 235 
28 sq. in. Cu.Ft 710 870 1000 
H.P 0.19 O.388 0.55 
96 in. R.P.M. 145 180 205 
32 sq. in. Cu.Ft. 810 1000 = 1150 
BP. 0.20 0.44 0.63 
108 in. R.P.M. 130 160 185 
36{sq. in. Cu.Ft. 910 1120 1290 
mae. 0.25 0.49 0.70 
120 in. R.P.M. 115 140 165 
40 sq. in. Cu.Ft. 1010 1240 1430 
5.2. 0.28 | 0.55 | 0.77 
144 in. R.P.M. 97 120 135 
48 sq. in. Cu.Ft. 1220 1450 1720 
H 0.33 0.66 0.94 
168 in. R.P.M. 83 100 115 
56_sq. in. Cu.Ft. 1420 1740 2000 
RS 0.56 | 0.76 1.09 


the fan is that due to the velocity of dis- 
charge which, as a basis for calculation, is 
taken as equal to the circumferential 
speed. The horse-power given is in each 
case double the theoretical. That is to 
say, the mechanical efficiency is 50 per 
cent. The power specified represents aver- 
age conditions for fans delivering vol- 
umes not in excess of the table, or through 
areas practically equal to the capacity 
areas. 

Although the volume and power are 
not exactly proportional to the width of 
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the fan, from one inch up to the max- 
imum, yet they hold with reasonable ac- 
curacy for fans of ordinary construction. 
The width at the periphery of a standard 
steel-plate f usually about 40 per 


fan is 
cent. of the diameter of the wheel. At a 


given pressure the volumetric capacity 
of a fan is proportional to its capacity 
area. If the width of periphery were 


always in exact proportion to the diameter 
of the wheel, its volumetric capacity and 
power requirement would be proportional 


ERS PER INCH OF WIDTH AT CIRCUM- 
WHEEL. 


Pressure in Ounces Per Square Inch. 


14 14 2 3 4 5 6 
1220 1340 1550 1890 2180 2430 8 2660 
240 260 300 370 430 180 520 
0.16 0.22 0.33 0.61 0.93 1.3 be 
1050 =1150 1330 1620 1870 2080 2280 
280 310 350 430 500 560 610 
0.19 0.25 0.39 ‘0.71 1.09 1.5 2.0 
920 1010 1160 1420 1630 1820 2000 
320 350 400 490 70 640 690 
0.22 0.29 0.44 0.81 1.24 i 2.3 
730 800 930 1130 1310 1460 1590 
400 440 510 620 710 790 870 
0.27 0.36 0.55 1.01 1.55 2.2 2.8 
610 670 770 950 1090 1215 1330 
480 530 610 740 850 950 1040 
0.33 0.43 0.66 1.21 1.86 2.6 3.4 
530 570 660 810 935 1040 1140 
560 610 710 870 1000 1110 1210 
0.38 0.50 | 0.77 1.42 | 2.17 3.0 1.0 
460 500 580 710 815 910 1000 
640 700 810 990 1140 1270 1390 
0.44 0.57 0.88 1.62 2.48 3.5 4.6 
410 445 520 630 725 810 S885 
720 790 910 1010 1280 1430 1560 
0.49 0.65 0.99 1.82 2.80 3.9 §.1 
365 400 465 70 655 730 795 
800 S80 1010 1230 1420 1590 1740 
0.55 0.72 1.10 2.02 3.11 4.4 5.7 
305 335 385 470 545 605 665 
960 1050 1210 1480 1710 1910 2080 
0.66 0.86 1.32 2.42 3.73 §.2 6.8 
260 285 330 405 465 520 570 
1120 1220 1410 1730 1990 2230 243 
0.77 1.00 1.54 2.83 4.35 6.1 8.0 
230 250 290 355 410 455 500 
1280 1400 1620 1970 2280 2550 2780 
0.88 | 1.15 | 1.76 | 3.24 | 4.97 7.0 9.1 
205 225 260 315 365 405 445 
1440 1580 1820 2220 2560 2870 3120 
0.98 1.29 1.98 | 3.64 5.58 7.8 10.2 
185 200 230 285 325 365 400 
1600 1750 2020 2470 2850 3290 3470 
1.09 | 1.43 | 2.20 | 4.05 | 6.21 8.7 11.4 
155 170 195 235 255 305 330 
1870 2100 2430 2960 3420 3830 4170 
1.31 1.72 | 2.64 | 4.85 | 7.45 | 10.4 13.7 
130 145 165 200 220 260 285 
2240 2450 2830 3460 3990 4470 4860 
1.53 | 2.01 | 3.09 | 5.67 | 8.70 121 15.9 

to the square of its diameter. But pro- 


portions vary among different makes so 
that this relation is only approximate. 
The width of the housing containing the 
wheel is generally about one-half the fan 
diameter. 

It is manifestly possible from this table 
to determine for any given diameter of 
wheel, and stated speed, the volume which 
might be delivered, and the power which 
would be required when the effective dis- 
charge area was equal to the capacity 
area. If the conditions vary from a tem- 





of 
be made by 


50 degrees, corrections must 
means of Table 3. 

In general practice the volumetric and 
pressure capacities and the horse-power 
requirements of a given fan range be- 
tween great limits; frequently within short 


perature 


intervals. The difficulty of calculating the 
exact performance 
always 


lies in the inability 
just the conditions 


for which calculations are made. Of course 


to maintain 
experience readily teaches that for 
tain of 
will hold fairly constant. 


cel 


classes work certain conditions 
It is the usual policy, however, to select 
for a given case a fan capable of de 


livering the required volume when oper 
ating under the greatest resistance likely) 
be the 

This greatest 
resistance must also be met by the capa 


to presented in connection with 


given type of installation. 
bility of the fan to produce a pressure 


equivalent thereto. the selection 


necessitates consideration of both size and 


Hence 


speed of fan, in order to meet required 
conditions of both pressure and volume. 


TABLE FOR GENERAL CALCULATION 


For general calculation Table 3 may 
be utilized. With a knowledge of the re 
lation of the width at the circumference to 
the diameter of the fan-wheel, and the 
width of the casing which contains it, 
this table may be made to apply with 


reasonable » commercial 


accuracy t con- 
ditions. 

If the fan selected for a given purpose 
were always to operate under the same 
resistance, equivalent to the same fixed 
area of discharge, the tabulated power 
for a given width would meet the re 
quirements. 
cal-draft 


sut, particularly in mechani 
practice, is a constant 
change in conditions. When the resistance 


is decreased, as by a more open fire, the 


there 


fan tends to deliver a greater volume, 
which with constant speed calls for the 
expenditure of power. It must 
that the fan must 
capable of delivering the required volume 
at the given speed when the resistance is 
greatest, power must be provided to drive 


greater 


be obvious while be 


it when resistance is least, and the vol 
ume delivered is the greatest, and hence 
the work done is the maximum. 

In the case of a fan so applied, and 
automatically regulated to maintain prac- 
tically constant steam pressure by speeding 
falls, 


increases, 


and 
the 
change in revolutions introduces another 
factor. All of the conditions here change 
so rapidly that nothing but limits and 
averages can be considered. The more the 
power provided to drive the fan, the less 
the time required to bring the steam pres- 
sure back to normal, and consequently the 
less the fluctuation. Hence the exact max- 
imum to be provided must be determined 
by the uniformity of steam pressure de- 
sired. 


up when the pressure slightly 


slowing down when it 


The resistance imposed, and hence the 
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pressure to be created by the fan, must 
be dependent primarily upon the character 
of the fuel, and the rate of combustion. 
For fairly average conditions, it is cus- 
tomary in the case of steam-controlled 
forced draft, handling air at ordinary tem- 
perature, to select a size which will de- 
liver the required volume at a speed cap- 
able of producing a possible maximum 
pressure of one ounce per square inch. 
It is seldom, however, that this pressure 
is actually required, and when conditions 
are generally known, it may usually be 
much less. Power in engine or motor 
to meet maximum conditions with the 
regulated speed is, however, usually pro- 
vided to the extent of 10 to 20 per cent. 
in excess of the tabulated amount. The 
exact amount in excess is necessarily de- 
termined by commercial sizes of available 
engines, turbines or motors. This is rough- 
ly equal to an average of 214 times the 
theoretical power on the basis given in 
Table 1. Of course this is materially in 
excess of the average amount hour in and 
hour out. 

When the fan is applied for induced 
draft, and hot gases are to be handled, 
correction must always be made for the 
temperature of the latter. Here again 
allowance must be made for maximum 
conditions. It may be that an economizer 
forms part of the equipment, and that the 
gases will not ordinarily exceed 250 to 
300 degrees of temperature. But a fan 
designed to satisfactorily meet the re- 
quirements under these conditions would 
be totally inadequate to properly meet 
them when the gases were by-passed, and 
the boiler forced; conditions which might 
occur in an emergency. With constant 
speed the fan would then only handle 
o 48 
oy 
and produce the same pruportion of the 
pressure which would be possible at, say, 
300 degrees. This is clearly shown by 
a comparison of figures in Table 3. 

To meet the possible maximum it is 
therefore customary to provide fan ca- 
pacity and power sufficient to produce 
the required combustion rate when the 
temperature is 600 degrees. In round 
figures the density is then one-half (ex- 
actly 0.48) of that at 50 degrees, the 
basis of the fan-performance table. Con- 
sequently, the fan must be large enough 
to handle, in the form of the products 
of combustion, double the volume original- 
ly admitted beneath the grates. The cir- 
cumferential speed must be nearly 50 
per cent. greater (exactly 0.44 per cent.) 
to produce the same pressure, while the 
power required with a fan designed to 
exactly suit the requirements will be prac- 
tically double (exactly 2.08) that for the 
same weight and pressure at 50 degrees. 

For the actual production of the re- 
quired draft it is seldom necessary to 
drive an induced-draft fan at a speed ex- 
ceeding that necessary to produce from 


= about 72 per cent. of the weight, 
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¥% to % ounce actual pressure. But when 
the gases are handled at a temperature of 
600 degrees this necessitates running the 
fan at a speed that would at 50 degrees 
produce practically double the given pres- 
sure. 

Hence in the use of a basis table like 
Table 3, which relates only to air at 50 
degrees temperature, it is usually the cus- 
tom to select a fan which under the tab- 
ulated pressure of, say, 1% ounces is cap- 
able of handling a volume double that 
of the air entering the ash-pit. The re- 
quired amount at 50 degrees must be in- 
dependently determined by the rate of 
combustion, and the kind of fuel. The 
pressure or vacuum actually created at 
600 degrees will therefore be only one- 
half that indicated by the table, while 
the weight handled will (barring leakage) 
be equal to that supplied to the fuel. The 
power, hewever, will be less than that 
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FIG. 2. PERFORMANCE OF A GIVEN FAN DIS- 
CHARGING THROUGH AREA GREATER 
THAN THE CAPACITY AREA 
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tabulated. Were no allowance to be made 
for extreme conditions, it would, in round 
figures, be only one-half as much. But 
to meet these conditions it is usual to 
provide a slight excess, making the actual 
maximum a possible 60 per cent. of the 
tabulated value for the same speed and 
volume as at 50 degrees. This statement 
regarding constant volume and speed must 
not be confused with that previously made, 
that the power will be practically double 
that for the same weight and pressure at 
50 degrees. 


GENERAL DEDUCTIONS 


In the case of a volume fan installed 
for the general purposes of ventilation, 
or as an element in a heating and ven- 
tilating system, the resistances are usually 
far less than obtain in mechanical-draft 
practice. The free area-of discharge is 
usually in excess of the capacity area; 
the volume and power are therefore great- 
er than the ordinary tabulated values 
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for their area, while the pressure due 
to velocity, and the efficiency are less. 
These relations are well displayed in Fig. 
3. Fan speeds for this class of work 
range from those necessary to produce 
Y% ounce up to those capable of creating 
a pressure of one ounce per square inch 
over the capacity area. But with the 
greater freedom of discharge, the air 
velocity through the outlet is necessarily 
less than the circumferential speed of the 
fan-wheel. 

With the ordinary extended system of 
ducts, it is seldom that the delivery is 
so free as to permit the volume to ex- 
ceed 25 per cent. of the tabulated value. 
But in certain installations the delivery is 
almost entirely unrestricted, the ducts are 
large, and often the fan is of special 
construction, without casing. Such con- 
ditions are beyond the limits of con- 
sideration in this article. 

Evidently the closing of dampers or 
registers in a distributing system entails 
variation in volume and the other ele- 
ments of operation. So here again specific 
conditions are seldom maintained, and es- 
timates must be made between limits. 

As the freedom of discharge increases, 
so does the difference in volumetric ef- 
ficiency between an exhauster and a blow- 
er, i.e., between a fan having one inlet 
and a fan having two inlets. In a properly 
designed fan, operating at capacity area, 
the difference is not essential. 

In connection with a heating system 
the fan may be installed either to force 
or draw the air through the heater. Under 
either condition resistance is imposed. But 
with the former arrangement the air is 
handled cold, while with the latter it is 
already heated before passing through the 
fan. The result may be a difference of 
fully 100 degrees in the temperature. In 
the case of the heated air, this may repre- 
sent the passage of only about 85 per cent. 
of the weight, the real measure of venti- 
lating efficiency. The power at constant 
speed of fan will be reduced in the same 
proportion. 

But from a commercial standpoint, it is 
customary in the case of a direct-con- 
nected fan to employ the same combina- 
tion of engine and fan, and hence pro- 
vide the same power whether the fan is 
installed under one condition or the other. 

The possible power expenditure, due 
both to increased output and decreased 
efficiency, does not ordinarily exceed the 
table by more than 25 per cent. This is 
equivalent to 2% times the cgrrespond- 
ing theoretical power value given in basis 
Table 1. With such power provision the 
volumetric delivery will approximate 25 
per cent. in excess of the tabulated volume 
at capacity area. 

The subject of fan performance has thus 
been discussed in detail in order that 
there may be no misunderstanding of the 
flexibility to be accorded to any simple 
rule for exact results or requirements 
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In a few words, however, the conditions 
may be thus summarized: 

When discharging against resistance, or 
through an area equivalent to the capacity 
area, as determined by the formula = a 
the volume per square inch will be sub- 
stantially that given in column 4 of Table 
1, for a circumferential speed equal to 
the corresponding tabulated velocity. 

From Table 1 it may be determined that 
the theoretical power required to deliver 
1000 cubic feet of air, per minute at 50 
degrees temperature, against a pressure 
of I ounce, is 0.27 horse-power; and 
furthermore, that this power varies direct- 
ly with the volume and with the pressure. 
In other words, that, theoretically, 0.54 
horse-power would be required to deliver 
1000 cubic feet at 2 ounces, or to deliver 
2000 cubic feet at 1 ounce. Upon a basis 
of about 50 per cent. efficiency, which 
represents good practice, the actual ex- 
penditure would be double that of the 
theoretical The power requirements, 
under the best conditions, may therefore 
be roughly taken at ™% horse-power per 
thousand cubic feet of air delivered per 
ounce pressure. If the free area of dis- 
charge materially exceeds the capacity 
area, as is the usual case in a ventilating 
system, the result of increase in delivery, 
and decrease in efficiency, will entail an 
active power expenditure ranging up to 














FLUE CORRODED BY POND WATER 


and above 0.6 horse-power per thousand 
cubic feet per ounce pressure. This figure 
will serve as a rough basis for estimating 
powers within the ordinary range of fan 
Operation with normal temperatures. 





Summer courses are being offered at 
the Ohio State University, at Columbus, 
for artisans, draftsmen, electricians, me- 
chanics, engineering salesmen, stationary 
engineers and firemen. The term extends 
from June 22 to August 14. 
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Boiler Flues-Corroded_by Pond 
Water 


By M. KENNETT 


The question of obtaining suitable 
boiler feed-water is sometimes a _ very 
serious one, and frequently does not re- 
ceive the attention which it should. This 
often results in heavy repair bills, due to 
the accumulation of sediment, with at- 
tendant burned sheets and leaky tube- 
ends; or the corrosive action of the water 
is sometimes so severe that in a compar- 
atively short time the boiler is entirely 
unfit for service. 

The accompanying photographs 
the result of using water from a pond 
which is supplied partly by the drainage 
from a slack-pile at a coal mine. The 
views show a 16-inch flue which collapsed 
at a pressure of 70 pounds. The rupture 
is 14 inches wide and 24 inches long. The 
accident occurred about 7:30 a.m., so no- 
body was injured, as the engineer had 
just left the boiler room to start a fan 
located about too feet He was 
covered by dust and wet ashes, however. 

The force of the explosion blew down 
part of the setting and scattered the fire 
in all directions, but as may be imagined 
the boiler was soon emptied. 

There were two boilers: one of the 
plain, cylindrical type 48 inches in diam- 
eter and 24 feet long, and the one which 
failed, which was also 48 inches by 24 
feet, and contained two 16-inch flues. 
These were made in two sections, the for- 
ward part being lap-welded and 20 feet 
long, the remaining 4 feet being lap- 
riveted. The rivets in the girth seam 
may be seen faintly inside the flue in one 
of the views, but both joints on the out- 
side are obliterated by the corrosion. 

The initial failure evidently occurred at 
the upper left-hand corner at the junction 
of the girth and longitudinal seams. 

Some idea of the extent of the cor- 
rosion may be obtained from the photo- 
graphs, and in many places the thickness 
does not exceed 1/64 inch. Considering 
the size of the flues, it seems surprising 
that failure did not occur sooner. 

After the accident an inspection of both 
boilers was made, and the shell of the 
cylinder boiler was found to have so 
deteriorated at the water line that it was 
easily punctured, while that of the flue 
boiler was almost but not quite as bad. 
The flues were both cut out, the openings 
in the heads blanked over and the boiler 
put into service again. But let it be said 
to the credit of the owners that a new 
boiler has been ordered, and arrange- 
ments made to obtain feed-water of a 
good quality from another near-by pond. 


show 


away. 


A Case oF Bap RIVER WATER 


In another case a large packing house 
was rather short of boiler capacity and 
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for 
was 


not be allowed 


The 


time could 


sufficient 
their proper cleaning 
taken from the river near the mouth of a 


water 


large sewer, and was anything but good, 
and there was considerable scale between 
the tubes, and wherever it 
lodging place. 


could find a 
As might be expected un 
der these conditions, a bagged boiler was 
Finally one came 

that 


a frequent occurrence. 
it was de- 
The 


down to such an extent 


cided to put in a new half sheet 








ANOTHER SAMPLE OF FLUE CORROSION 
work was rushed through as rapidly as 
possible, and as soon as it was finished 
the boiler was rinsed out and fired up, as 
the tubes in one of the others were leak- 
ing badly. 

The following afternoon the engineer 
was surprised to find a large bag on the 
new half sheet. It is needless to say that 
he was very much chagrined, as the work 
had cost something over $400, all told, 
and he was also at a loss to understand 
what had caused it, as he stoutly main- 
tained that the boiler was fairly clean. As 
soon as possible the boiler was opened 
and a large pile of scale was found on the 
sheet. In putting in the half sheet, the 
hammering had loosened a great deal of 
scale which had not previously fallen to 
the bottom, and consequently was not re- 
moved by the hurried rinsing. When the 
boiler was fired up the circulation dis- 
lodged this scale and carried it to the 
front. 





The management of the Illinois Cen- 
tral Railroad let contracts on May 1 for 
the coming fiscal year for the purchase 
of about 2,500,000 tons of coal for com- 
pany use. The contracts are said to have 
been let to the lowest bidders, and the 
mines in Kentucky got orders for about 
1,000,000 tons, the Alabama mines about 
700,000 tons and the Illinois mines. and 
those owned by the railroad company the 
balance, about 800,000 tons 
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from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





Engineers and the License Law 


Certificates cannot and do not always 
indicate the engineer’s ability. There is 
a wide difference between the engineer 
required for a small plant consisting of 
one or two 50-horse-power horizontal re- 
turn-tubular boilers, engine, and a couple 
of pumps, and the engineer required to 
manage either a large office building 
equipped with electric or hydraulic eleva- 
tors, high-speed compound engines and 
generators, ice machine and the many aux- 
iliaries found in such a plant, or the en- 
gineer required to operate a large factory 
plant containing an entirely different class 
of machinery. Each man fills a 
position commercially. 


useful 


If the employer be compelled to engage 
an expert for a small plant, there would 
not be engineers enough to go round, and 
as such men generally demand and receive 
much higher wages than the man whose 
training consists of keeping a small en- 
gine and boiler going, it would be inflict- 
ing a great hardship on the employer. On 
the other hand, if a low-grade man were 
to take charge of a large and complicated 
plant, it would be a hazardous venture 
for the employer. 

The supervision of engineers by a State 
or city government should commence and 
end with the boilers and main steam lines, 
as a boiler when improperly handled can 
become a great menace to life and prop- 
erty. No person should be allowed to 
take charge of one until he can show that 
he fully understands how to do so with 
safety. This knowledge is within reach of 
anyone who has a good public school 
education. The employer who needs a 
high-class man for a large plant will, or 
should, hunt up the applicant’s record and 
sonvince himself of his ability. Such in- 
formation will in the writer’s estimation, 
be worth more than a certificate of com- 
petency issued by a body whose judgment 
may be biased. 

The chief of a large city office building 
that may contain fifteen electric eleva- 
tors, should be a good electrician and be 
able to instruct men under him how to 
care for all parts of the machinery, just 
as readily as he might instruct his 
fireman how to clean a boiler. Transplant 
such a man into a large New England mill 
and he would be lost. Take the engineer 
of the mill and set him down in the 


engine room of a large office building in 
New York, and it is doubtful if he could 


WE PAY FOR USEFUL 


instruct his assistants how to pack a hy- © 


draulic elevator or put new cups in the 
pilot or operating valves. If either of 
these two men possessed a good technical 
education they would soon qualify them- 
selves to fill their new positions, but it 
would be some time before they would be 
of the same value to their new employer 
as they had been to their previous one. 
Can a first, second or third-grade license 
indicate the ability of these men? 

The question has been asked, why en- 
gineers work such long hours for small 
pay. In the first place, there is a lot of 
nonsensical twaddle about an engineer’s 
duty to his employer, etc. No bright, in- 
telligent man will deliberately enter a 
trade that offers nothing but long hours 
and small pay as a reward, unless he 
knows he can forge ahead and rise to the 
top. A great many men get into the busi- 
ness through chance. For instance, Bill 
Jones is out of a job. He has a friend 
who is engineer in a small factory; they 
meet, Bill unfolds his hard luck story 
and the friend gets him a job perhaps in 
the same place where he works, as oiler 
or possibly fireman, if the boiler room is 
good and hot. Bill may quit before the 
day is out; if he does not, he hangs on 
awhile and learns firing. Once well started 
there is not much chance of his 
ing up the business. He finds he can 
smoke his pipe as much as he likes and be- 
tween fires sit down and read the daily 
paper. After ten years of this sort of 
thing he may secure an engineer’s license 
and join the ranks of the greasy, slovenly 
engineers. It is this class of men that 
employers can use under the mistaken im- 
pression that they save money by so do- 
ing. 

The writer has seen many plants in 
New York City which could be run at 
least 25 per cent. cheaper and pay higher 
wages to both engineer and fireman. It is 
sometimes difficult to convince an employ- 
er of this and sometimes difficult to reach 
him in person. Very often a superintend- 
ent who has risen from the ranks has to 
be seen, and as any great change for the 
better in the engineer’s department might 
reflect back on him for his past manage- 
ment or possibly curtail some of the 
graft, he is not likely to desire the pres- 
ence of a good, bright, intelligent man 
who expects to be well paid and respected 
and who might insist on being “chief” in 
all that the name implies. The law of 
supply and demand and the survival of 
the fittest will, in the writer’s estimation, 


giv- 


IDEAS 





prevail in spite of all the legislation that 
may. be enacted for the benefit of both 
parties. 
PercIvAL HASTINGS. 
Albany, ‘N. Y. 


I have a first-class engineer’s license in 
Massachusetts that has been renewed many 
times. The fair and courteous treatment 
I received when I took my examination 
has given me pleasure every time I have 
thought of it in the years that have passed. 

My experience has been like that of 
many others; a green country boy with 2 
common-school education, I went into the 
machine shop with a determination to get 
somewhere near the top and have been 
fairly successful. I have run engines but 
little, but have had charge of many men 
who have, and I look over the coal cards 
and go through the mills and talk with the 
men who run the engines every day. 

I like to give a young man a lift if I 
think he is doing the best he can and 
that is why I am writing this letter. A 
young man came to me a few years ago 
to ask me if I thought he could get a 
first-class engineer’s license in Massa 
chusetts. He had been told of the pumps 
and engines he would have to put to 
gether, etc., and was almost afraid to try 
for a license. I advised him to try and 
he secured a first-class license and a first- 
class place. He will always have a good 
word for the inspectors. It is my belief 
that the men who are always kicking at 
the treatment they receive have never 
had enough kicks properly applied. 

SAMUEL E. Dart. 

South Manchester, Conn. 


J. B. Lang, on page 545 of the April 
7 number, lets in light on the license ques- 
tion when he says that 90 per cent. of the 
best paying engineering positions are held 
by pupils of the engineering schools. One 
school advertises that it has secured nearly 
2000 licenses for its pupils. 

It is well known that many first-class 
practical men have been rejected. Why? 
One man claims that if a person will 
give up $65 to one of these schools, he 
will go through all right. One man in- 
quired as to what rejected a well-known 
engineer, and received the reply: “Some- 
thing must be done to limit the number 
of engineers.” As this man runs one of 
the schools, the inference is that the ordi- 
nary engineer must be put down and out 
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make room for pupils of engineering 
hools. 
Last there was a great howl 
| over the land because the post office in 
hicago wanted a technical graduate for 
ngineer. The parties interested explained 
that the position as engineer was inciden- 
ial, and that they wanted a man who could 
ay out buildings, machinery, etc. 
Massachusetts is doing exactly the same 
thing only it don’t advertise it. If you 
are all right with the gang, all right. If 
not, shell out your money to one of the 
engineering schools. 


year 


W. E. CRANE. 

Waterbury, Conn. 

No examination, whether practical or 
theoretical, can assure the examiner that 
the person examined is safe and compe- 
tent to have charge of and operate the mul- 
mechanisms that the 
present-day steam plant. Examination 

ay show that the applicant possesses a 


tifarious compose 


rtain amount of information as to con- 
struction and operation and correct the- 
ories as to what he would do in an emer 
gency, but the question, “Would he keep 
his head and do the right thing at a time 
when the saving of life and property 
depended on his action?” is still open, no 
matter what system of examination may 
be in vogue. 

Examinations of engineers and firemen 
in Massachusetts are the 
“man-to-man” basis, the examiner and ap- 


conducted on 
plicant being alone. The examiner is priv- 
iliged to ask any question that he thinks 
advisable and he is the sole judge as to 
he correctness of the answer. 

A great many applicants have left the 
presence of the examiner with a firm con- 
viction that they were correct in their 
answers and that the examiner either did 
not comprehend the ideas they intended 
to convey or was lacking in knowledge 
regarding the subject discussed. There 
is no redress for an injury so inflicted, 
though the law states that “an appeal may 
be taken if the applicant feels aggrieved 
at the action of the examiner.” Recourse 
to this appeal means an entirely different 
examination before three examiners and 
cannot possibly have any bearing on the 
merits of the original examination. 

I am going to submit to the readers of 
Power a plan of examination that would 
eliminate the personal equation and also 
give the “Boiler Inspector” an opportu 
nity to be on the road inspecting boilers 
his 


and exercising a over 


listrict. 


supervision 


Only two examiners, or rather over- 
seers of examinations, would be required 
and their position could be so designated. 
as they would not need to possess the 

ialifications required of an inspector. 

I would have a number of questions 

lected and approved by a competent 
hoard, such as the “Board of Boiler 
Rules.” These questions to be appor- 
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tioned for the different grades of license 
and printed, each paper to have a suffi- 
cient variation of questions to insure a 
general idea of the applicant’s qualifica- 
tions. 

In order that the applicant shall be in- 
cognito he will write his name and ad- 
dress on a slip and seal the same in an 
envelop, taking the examination by a 
number to be marked on the envelop, 
and on each examination paper as com- 
pleted. 

The applicant to be seated at a desk 
and allowed to write his answers withcut 
interference from the examiner. The 
“practical” part of the examination, or 
the setting of engine or pump valves, etc., 
could be supervised and marked by the 
second examiner. 

When the applicant had finished his ex- 
amination the papers would be sealed and 
examined by the “board” and marked, 
still by number, after which the envelop, 
the number and containing the 
to be opened and notice sent to 
the applicant as to the result. Should he 
feel aggrieved at the of the 
“board” the examination papers could be 
referred to any tribunal selected. 

PF. Az. C. 


bearing 
address 


decision 


Boston, Mass. 


An editorial published in the-April 14 
number the 
chusetts is certainly in error, as I do not 
know of one of the mentioned 
being true. Being a resident of the State 
ever since the law took effect, I feel that 
I know what I am talking about. 

Most all that has been said against the 
law has been manufactured disap- 
peinted parties, or by someone who has 
had an ax-to grind. 

I am surprised to see so much said 
against the law as conducted, especially 
in the columns of so valuable a journal. 

The writer has been working under the 
Massachusetts license law for over twelve 
years, and has failed to find in the ex- 
aminations one single question that was 
not purely practical. 

From my experience, I believe that 
every applicant who has gone before the 
board has had a fair chance, and that 
some of the questions said to be asked 
are invented outside of the examiner’s 
office by those wishing to cause a feeling 
discontent. Also, I not believe 
there is any truth in the charge that ex- 
aminers are trying to prevent an over- 
production of engineers. I am of the 
opinion that they are very liberal in this 
respect, if not too much 

In my opinion, we have one of the best 
stationary engineers’ license laws in the 
country today; the examinations are en- 
tirely practical, and if a man has had the 
necessary experience and is able to satisfy 
the examiner as to his ability, he will get 
what is due him. 

In conclusion, I will say I do think if 


on license law of Massa- 


charges 


by 


of do 


so. 
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all men were given an unlimited license, 
instead of grading them, there would be 
less discontent and the law would be less 
abused as well as those who have to 
enforce it. 

E. H. NAyYLor. 


North Abington, Mass. 





Tram 


A Home-made 


Having had occasion to use a tram, and 
having none at hand, I set about to make 
one. I took old worn-out round 
files and them off within a half 
inch of the tang. I next had them an- 


two 
broke 





2 Required 





CONSTRUCTION OF TRAM 

nealed and ground off the teeth, drilled 
a \%4-inch hole as shown in the sketch 
and 3/16 inch tap-holes for the thumb- 
screws. Then by using a %4-inch polished 
rod flattened on one side and ground to 
a point at the end, I had a tram which 
was useful in many ways. 

EpwArpD HARTMAN. 
Toledo, Ohio. 





Advantages of Two Eccentrics on 
Corliss Engines 

Mr. Fisher’s description of the use of 
two eccentrics on Corliss engines in the 
April number interested me very much, 
as it reminded me forcibly of an interest- 
ing experience I had some years ago in 
an endeavor to get a 40x6o-inch single- 
cylinder, single-eccentric Corliss engine 
which I had erected, to run smoothly; 
and which proved to me that in addition 
to the longer range of cut-off to be se- 
cured by the second eccentric, there was 
the fact that I could not get the engine 
to run properly without it. As soon as 
the engine started up it pounded so that 
I was obliged to shut it down, and not- 
withstanding all our efforts the engine 
did no work until the second eccentric 
was applied and I was enabled to make 
the necessary adjustment, when the 
trouble ceased. With one eccentric in 
this case, it was simply impossible to ob- 
tain the necessary adjustment. 

G. M. Dovuctass. 


New York City. 








Scale in Boilers 





I have been interested in Mr. Camp- 
bell’s article in the April 14 number, and 
would state that I have had_ similar 
trouble with boilers, but of the water- 
tube type; and I would like to ask Mr. 
Campbell what, in his estimation, would 
be the best plan for removing scale from 
the water-tube type of boilers, in order 
to keep down coal bills? 

B. M. GREENWAY. 

Marietta, Ohio. 


Brush Setting 


I have read with interest several arti- 
cles on brush setting, and would like to 
say a few words along this line. About 
eight or ten years ago the use of copper 
brushes demanded that the brush should 
be set tangentially to the commutator and 
there was no areument as to whether it 
should run with the commutator or 
against it. 

Copper brushes are still used to a lim- 
ited extent on collector rings, etc., but 
for modern direct-current machines the 
carbon brush is now generally used. 

All brushes should be arranged in the 
holders so that the tension can be ad- 
justed; and no matter what style of brush 
is used, it should have the proper amount 
of tension and bearing on the commu- 
tator. The amount of tension that a 
brush requires depends on the material 
of the brush, the current it is to carry, 
the material in the commutator, and the 
style of the motor or generator. Copper 
and graphite brushes do not require as 
much tension as those made of carbon. 

As a general rule about 2 to 2% pounds 
per square inch is used for stationary 
work, and for railway work, haulage 
motors and mining machines about 3 to 
5 pounds per square inch. 

In setting brushes, where a loose con- 
tact with the commutator is made, the 
contact resistance will be high; care 
should, therefore, be taken to see that all 
brushes have about the same amount of 
tension where several sets are used on 
one machine, in order to keep one brush 
from taking more current than others. 

One trouble with carbon brushes is 
their tendency to stick in the holders, 
which is generally caused by improper fit- 
ting or the use of too much commutator 
compound. 

Both ends of the brush should be tried 
in the holder to see if it will slip clear 
through, as this will avoid trouble which 
might occur when the brush wears short. 

The best way to order new brushes 
is to order from the manufacturer of the 
machine, giving the size, type, number, 
volts and all necessary data and you wil! 
in nearly all cases get a set that will fit 
without any sanding. The trouble with 


trying to sand a set of brushes is that no 
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matter how well they are sanded they 
will have an uneven surface, besides sand- 
ing all the copper plating off the brush. 
Brushes should not be allowed to work 
loose in the holder, as this will cause 
heating and chattering. 
C. R. STROTHER. 
Charlestown, W. Va. 





Test of Ashes As Fuel 


Thinking that it may be of interest to 
some of the readers, I give herewith 
copies of tests recently made for the pur- 
pose of finding what gain or loss there is 
in burning coal and ashes, mixed with wa- 
ter, salt, and oxalic acid; the formula 
adopted by the New York Board of Ed- 
ucation. 

You will notice that instead of a gain 
by burning this mixture, there was a clear 


Water Supply 
to Tank 
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of the mixture, the temperature of the 
boiler itself had to be kept up four hours 
longer than when doing the same amount 
of work with coal. 


Test No. 1 


and 
water, 


ashes mixed and 
salt’ and oxalic 


coal 
with 


Burning 
moistened 
acid: 

To a 20-horse-power vertical © boiler 
as shown in the accompanying sketch 
having 7 square feet of grate surface, was 
connected a pipe coil which was immersed 
in a tank containing cold water, so as t 
condense all steam made by the boiler 
This coil emptied into a barrel on a plat 
form scale with which all condensed water 
was weighed. Water in the gage glass of 
the boiler before starting the fire was 5 
inches; temperature of water in the boil 
er before starting fire was 80 degrees F.; 
moisture in ashes taken from the ash pile, 
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ARRANGEMENT FOR TESTING THE EVAPORATIVE POWER OF ASHES 


loss of 95 pounds of coal and four hours’ 
time in doing the same amount of work 
as was done when coal only was burned, 
which I explain as follows: 

First, the ashes used were taken from 
the ash pile at our boiler house and con- 
tained very little unburned coal; therefore 
instead of giving out heat, the ashes ab- 
sorbed heat from the coal with which it 
was mixed. 

Second, the water with which the mix- 
ture was moistened had to be evaporated 
in the furnace, which also took heat that 
otherwise would have been absorbed by 
the boiler for making steam. 

Third, the burning of this mixture 
forms a hard solid clinker in the furnace 
which must be removed very frequently 
in order to get any air through the fire. 
In doing this the furnace door is kept 
open, allowing cold air to rush through 
the furnace and boiler “carrying away 
heat. 

Fourth, on account of the slow burning 





12 per cent.; moisture in coal taken from 
the coal bin, 4 per cent. 

Fire started 7:30 a.m. with 50 pounds of 
wood and t100 pounds of coal, after which 
a mixture of 300 pounds of coal, 600 
pounds of ashes, to gallons of water, 10 
pounds of rock salt and 20 ounces of 
oxalic acid was burned. When the steam 
gage showed 60 pounds pressure, the valve 
to the coil was partly opened and when 
all of the mixture was consumed 1675 
pounds of water had been evaporated. 

Time, 4:30 p.m.; 9 hours’ run of test 
Water in gage glass, 5 inches; steam pres- 
sure, 35 pounds; temperature of feed-wa- 
ter, 38 degrees F.; total coal consumed, 
400 pounds No. 1 buckwheat; total wood 
consumed, 50 pounds; total amount of 
clinkers taken out, 612 pounds. 


Test No. 2 


Report of test burning coal only: 
For the purpose of comparison, a test 
was then made burning coal only under 
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the same boiler and under exactly, the 
same conditions. 

Water in the gage glass of the boiler 
before starting the fire was 5 inches; tem- 
perature of water in the 
starting the fire was 80 degrees F.; 
ture in coal 4 per cent.; fire started 7:30 


boiler before 


mois- 


aim. with 50 pounds of wood, after 
which coal*was burned until the same 
amount of water had been evaporated as 
when burning the mixture, viz., 1675 
pounds. 

The test then ended, 12:30 p.m. 5 
hours’ run. Water in gage glass, 5 


inches; steam pressure, 35 pounds; tem 
perature of feed-water, 38 degrees F.; 
total amount of 305 
pounds No. 1 buckwheat; total amount 
of wood total 
amount of ashes taken out, 65 pounds. 

An injector was used in feeding 
boiler in both tests. 


coal consumed, 


consumed, 50 pounds; 
the 


C. O. Ericson. 


Helmetta, N. J. 





Accident to Pumping Engine 


ln a large pumping station in which 
the writer is one of the operating eng! 
neers an accident occurred to a new en 
gine when it was put in operation for the 
first time. 

The engine in this case was a tandem 


compound duplex heavy-duty pumping 
engine, working under an initial steam 


pressure of 125 pounds per square inch, 
the cylinders being covered with asbes- 
tos lagging and russia-iron jackets. To 
add to the appearance of the engine as 
well as to prevent loss by radiation, the 
heads of the high-pressure cylinders were 
provided with a finished cast-iron cap or 
false head, held in place by a 44-inch cap- 
screw passing through its center into a 
threaded boss on the main cylinder-head, 
the cavity under this cap being filled with 
asbestos cement. 
Evaporation of the moisture in_ this 
cement caused a rise of pressure between 
the cap and cylinder-head, was 
sufficient to pull about 2 the 
center of the false head out, and to blow 
the remainder of it off with terrific force. 


which 
inches of 


I had just passed by this particular head 
and narrowly escaped injury, as it struck 
a 1%-inch pipe guard-rail 2 feet 
with sufficient force to bend it to a con- 


away 


siderable extent. 

The engine at the time was in charge 
of the erecting engineer, and after the 
accident he had drilled in the bottom of 
these false two %-inch holes to 
allow the free escape of any steam that 
might collect in this from 
cause. The false head in 
of course a very neat fit over the cylin- 
der-head, but I would advise as a matter 
of precaution that all head covers of this 
kind be provided with vents. 

F. M. ZIMMERMAN. 


heads 


cavity any 


this case was 


Pittsburg, Penn. 
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Renewing Crank-pins 


The 


quires 


putting in of a new crank-pin re 


and the best of 


good judgment 
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End View 
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DISK 
workmanship. It frequently has to be 
done away from the shop with the tools at 
hand, and in such cases the ingenuity of 
the engineer is taxed to the utmost. 
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FIG. 2. PRESSING IN CRANK-PIN 


HYDRAULIC JACK 


Ue Block 


Ratchet Drill 
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FIG. 3. BORING BAR FED 


The accompanying sketches will serve to 
show how the writer has accomplished 
some of these jobs. Fig. 1 shows a small 


-Je 
755 


hand 
attaching to 


boring-bar and the method = of 
the crank-disk. In 
this it is important to get it square with 
the hole in which the crank-pin is to fit. 

Fig. 2 


using 


shows another simple form 
of bar which the writer used on a large 
engine not long ago. It consists of a 
straight steel bar carried by two bear- 
ings supported on wooden blocks securely 
held to the crank-disk by clamp-bolts om 
each side. The cutting tool is held in this 
bar and is fed by the ratchet as shown. 
The method of pressing the pin in, 1s 
shown in Fig. 3. Heavy wooden blocks 
or preferably pieces of railroad iron are 
used as a brace for the hydraulic jack, 
and a gage the tiller-hole 
serves as guide while pressing in the pin. 
About 


found satisfactory for pins up to 6 inches 


connected to 
10 tons per square inch has been 
in diameter. 


lo finish the job the pin 


should be riveted over on the inside in 


the usual manner 
C. R. McGaney 


Lynchburg, Va. 





To Find the Horse-pswer Constant 


To find the horse-power constant, mul 
tiply the area of the cylinder in inches 
by the length of stroke in feet, and this 
by the number of strokes per minute, and 
divide by 33,000, thus: 


AX ELM 
—————— = HP. constant. 
33,000 
The constant multiplied by the mean 


effective pressure, gives the indicated 
horse-power of the engine. 
ALBERT SMITH. 
Jarrytown, N. Y. 


Boiler Circulation 





In the March 2 The 
Iingineer, is an article in regard to the 


number of 


circulation in a horizontal return-tubular 


boiler. I wish to say that I have had oc 
casion to take up this subject and for 
an experiment took some wooden floats, 
loaded down, and placed them at the front 
or firing end of the boiler, and when the 
boiler for 
floats were lodged against the back head. 


was opened cleaning, these 
The experiment was tried to demonstrate 
the truth or falsity of the theory as ad- 
the article 
and it is my impression that if any one 
will try the practical experiment, he will 


vanced in above mentioned, 


be easily convinced that the current will 
be up from the grate surface at the for- 
ward end, thence back and down to the 
The strongest heat in the boiler 
is the radiant heat from the grate surface, 


bottom. 


and not the gases passing back on the 
shell and returning through the tubes. 
J. DiaMonp. 


Meadville, Penn. 
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Boiler Test with Oil for Fuel 


“Boiler Test 
in the March 24 num- 
that Mr. Lane states there 
are 57 varieties of furnaces for burning 





Referring to the article, 
with Oil for Fuel,” 
note 


ber, we 
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sults speak for themselves, incidentally 
showing that the results of the test re- 
ported by Mr. Lane fall far short of what 
should be obtained from water-tube boil- 
ers fitted with a proper oil-burning equip- 
ment. 












































SUMMARY OF PRINCIVAL RESULTS 
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oil, ete. He might, without exaggerat- The Babcock & Wilcox boiler was 
ing, have tacked on several ciphers, and equipped with a furnace having burners 
have added that nearly all of such fur- located at the bridgewall, and discharg- 


naces are crudely designed without any 
in- 


knowledge of the technical principles 
There is no detail of greater im- 


vi yived. 


RESULTS 


COMPARATIVE 


Or 
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Date of test, 1903 
Duration of test 
Steam pressure 
Temperature of feed water. 
Factor of evaporation. 
Pressure of oi Oe 
Temperature of oil... 
Temperature of air in fire room 
Temperature of escaping gases 
In flue outside damper 
Near damper, boiler side 
In furnace. : 2 
moisture in steam. 


Draft f 
Per gent. 


Water level before putting out fires. : 
Water level after fires were out 3 minutes 
Drop in water level on putting fires out . 
Maximum water level during test. 
Minimum water level during test - 
Average level {Inches above bottom of glass. pat 
during test. Inches above or below center glass 
Total water apparently evaporated . 
Total water corrected for moisture in steam 


Total water evaporated into dry steam from and at 
912° 


Water per hour evaporated into dry ‘steam from 
and at 212°. ae 

Steam used by. 
burners. ... 

Kind of oil burned. 

Specifie gravity of oil, 60° F 

Specific gravity of oil by Beaume scale. 

Per cent. of moisture in oil . neve 

Heat value of oil as fired, B.t.u. ‘per pound . : 

Heat value of oil, corrected for moisture... . 

Total oil, as fired ‘ 

Total oil, corrected for moisture. 

Oil per hour, as fired. : 

Oil per hour corrected for moisture 

Water evaporated per square foot of heating ‘sur- 


| Pounds pe r hour... 
Per cent. of steam generated. 


face, from and at 212° per hour, committee 
measurements. . . 
Water evaporated per square foot of he ating ‘sur- 


face, from and at 21 
fications 

Horse-power developed 

Per cent. above committee’ s rating 

Per cent. above builders’ rating 

Water evaporated per pound of oil from and at 
212°, oil as fired. ... 

Water evaporated per pound of oil from and at 
212°, corrected for moisture. 

Efficieney SOF 


2° per hour, builders’ speci- 


portance than a proper design of oil-burn- 
ing furnace for 


water-tube boilers, as is 
proved by the tests shown herewith. Here 
are two boilers of known excellence, pro- 


vided with different furnaces, and the re- 





burners 


wall in accordance with the tsual practice. 


ing the flame toward the front of the 


boiler. 
The Stirling boiler was equipped with 
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inserted 
and directing 


the fire-doors 


toward the bridge- 


through 
flame 


EpGAR KIDWELL. 


Los 


Angeles, Cal. 


culiar 
Running 
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The Tale of a Tom Cat 








Cascarets was a yellow tom-cat who 
received his title by sleeping all day, and 
prowling around the power station all 
night, attending to his duties as the of- 
ficial mouse-catcher of the plant; in other 
words he “worked while you sleep.” 

He came to the plant when a kitten 
and until a short time ago had met with 
only one serious accident, when he chased 
a piece of waste into the fly-wheel pit 
and was promptly “histed” against the 
ceiling; but aside from having some hair 
scraped off his back, and having 
motion” to his walk for awhile, 
out of it all right. 


“side 
he came 
This experience taught 
him not to get too familiar with the moy- 
ing machinery. 

A short time ago the door leading to 
the room in the basement containing the 
high-tension bus-bars was left open by 
mistake, and he decided 
A few minutes later the 
on the motor-generator 
high-tension circuit, 


to investigate. 
circuit-breaker 
supplying the 
went out, and after 
several vain attempts to cut it in again, 
the switchboard operator 


noticed a_pe- 






-TUBE BOILERS. 





Babcock Babcock Babcock Babcock 
& Wilcox Stirling Stirling & Wilcox | & Wilcox Stirling Stirling | & Wilcox 
Dec. 4 Dec. 5 Dec. 7 Dec. 8 Dec. 16 Dec. 17 Dec. 19 Dec. 21 
Hr. 10 10 10 10 10 10 10 10 
Lb. 156.4 156.0 156. 4 156.2 156.9 157.0 156.3 157.3 
i 62.65 63.65 63.70 62.54 61.10 62.0 2.05 60.92 
1.2050 1.2039 1.2039 1.2051 1. 2067 1. 2058 1. 2056 1.2070 
Lb. 36 25 32 50 16 63 60 55 
v0 1094 88 85 124 132 128 1044 111 
a" 874 95} 100 94 100 1014 1054 103 
saa 438 454 517 464 525 606 720 622 
In. ‘ oe . ; 0.66 0.49 
In. 0.08 0.14 0.20 0.15 0.29 0.25 0.34 | 0.49 
In. 0.02 0.09 0.15 0.05 0.12 0.13 0.15 0.15 
Q 0.21 0.56 0.52 0.14 0.16 0.58 0.69 0.14 
Start | Fin. Start | Fin. [Start | Fin. Start | Fin. [Start Fin. Start | Fin. [Start | Fin. |Start | Fin. 
In. | 53 63 | 73 | 68 | 103/13 | 63 | 73 | 53 5k 104 133]13 | 114 | 53 64 
In. 54 6 5 33 63 8} 64 | 74 i 4 1 s z | } 4} 4} 
In. 4 ; 23 3 33 | 44 § Py 1? | WY 94 5% 1123 ll 1 | 2 
In. 7 72 13 Ti 6{ 13% 13 10 
In. 4 2 34 5 4 1 | 4} 
In. 53 54 5h 63 5} 8 61 6} 
In. { above 1j below 1} be low 3 3 above i above 1 above & below | 14 above 
Lb. 28: 98272 124896 a 9233 232113 155682 190513 281630 
Lb 97722 124247 178982 231742 154779 189198 281236 
Lb. 1S3797 117648 149581 215691 279643 186633 228097 | 339452 
Lb. IS380 11765 149; o8 21569 27964 18663 22810 33945 
Lb. 342.6 383 .7 387 a 479.8 604 0 444.4 $56.8 688 0 
w// 1.96 3.42 2 2.33 2.27 2.50 2.10 =. a3 
ee itis of. — er & Los Angeles a 
S.C. 94 9430 9530 29 9637 9629 10 9407 
Deg. 19 oS. 18.83 iT. iF z. 18 15.48 | 15.60 19 rf 19.22 
% 1.06 | 1.06 4.93 4.62 8.71 8.82 74 42 
18428 . 4 IS478.8 17791.2 17887 .5 16904 .7 16956 .0 18567 .0 118578. 7 
18626 18677 IS714 18754 18518 18596 IS705 18657 
Lb. 11597 .5|) 7764.0 10577 .0 14441.5 | 20127.0 14361.5 16585.5 | 23966.5 
Lb. 11474.6| 7681.7 10055 .7 13774.3 18373.9 13094.8 16462.8 23865 8 
Lb. 1160 776 1058 1444 2013 1436 1659 2397 
Lb. 1147 768 1006 1377 1837 1309 1646 2387 
Lb. 3.85 3.58 4.55 $4.52 5.86 5.68 6.94 sai 
Lb. 3.94 3.52 $4.47 1.62 5.99 §.58 6.82 Lae 
H.P.| 532.7 341.0 133.6 625.2 $10.6 41.0 661.2 983.9 
q 11.69 3.65 31.78 31.07 69.93 64.43 100.96 106. 27 
Q 14.08 1.79 29.42 33. 87 73.54 61.48 97 .36 110.69 
Lb. 15.849 15.153 14.142 14.936 13.894 12.995 13.753 14.164 
Lb 16.02 | 15 31 14.87 15.66 5.22 14.26 1 5 2 
‘ t 76.73 74 | 5 











smell basement. 


he 


coming from the 


down to investigate found 


Cascarets reposing peacefully across one 
leg of the three-phase, 


33,000-volt circuit, 


done to a turn. 














May 19, 1908 


The next morning after the day crew 
a cat funeral 
was held and the burial was made in the 
Unlike his proverbial ancestor, 


had “viewed the remains,” 


ash pile. 
Casearets failed to “come back.” 
S. Kurtin. 
Paducah, Ky. 





Theory and the Engineer 


There are many engineers who hold 
the opinion that because they have expe- 


FIG. 1. SCREW-DRIVER WITH 
ORDINARY POINT 


FIG 2. 


rience they do not need to bother their 
brains about books or theories. What is 
experience, anyhow, if not a practical way 
to learn how to apply the laws and prin- 
ciples underlying the engineering profes- 
sion? Even if a man has learned how to 
do a thing by experience, there is no 
denying that he could do it still better if 
he understood the reason why it should 
done so. There is theory in every- 
thing connected with an engine room and 
as long as we cannot get away from it, 
why not learn all we can about it? 
Take, for instance, such a simple thing 


be 


10 Lbs. 





| 10 Lbs. 
A 


Y 





FIG, 3. MEASURING EXERTED ON 


SCREW 


FORCE 
HEAD 
as a screw-driver. How often do we not 
pick up one that has a point shaped as 
shown in Fig. 1. If the owner of such a 
tool had studied a little elementary me- 
chanics where it touches on composition 
of forces, he would go and grind it down 
to the proper shape as shown in Fig. 2, 
before trying to use it. As it is, it takes 
nearly as much force to keep it down in 
the slot as can be applied in turning the 
screw. Experiments with a rig such as 








CORRECTLY SHAPED POINT 
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shown in Fig. 3, will show that with a 
firm grip with both hands around a wood 
en handle, the force exerted by the aver- 
age man will register 10 pounds on a 
spring-balance at a distance of 12 inches 
from the of the With a 
point %-inch wide, this will give a pres- 
sure of 


center stem. 


11.75 X10 _ ; 
as = 235 pounds, 
and 
aE ne ounds 
—r = 245 pounds 
i a» 





SCREW-DRIVER WITH F1G. 4. RESOLVING THE TURNING 
FORCE INTO ITS COM- 
PONENT PARTS 


against the respective sides of the slot. 
Considering one side only, we then have a 
force of 245 pounds acting against an in- 
clined plane, as in Fig. 4. Suppose this 
line makes an angle of 14 degrees with 
the vertical; resolving this force into its 
two components a and b, we get for b, 
which tends to push the screw-driver out 
of the slot, a force equal to 245 X sin. 14 
degrees = 49.26 pounds. 

Experiments made by the writer with 


-~S 














FIG. 5. EXPERIMENT WITH SCREW-DRIVER 
AND WEIGHT 
an apparatus as shown in Fig. 5, have 


demonstrated that while a weight of 90 
pounds was sometimes insufficient to hold 
the screw-driver down in the slot, with 
the correct point as in Fig. 2, the weight 
of the tool alone was ample; while a pull 
was exerted at the spring-balance suff- 
cient to either break the point of the 
screw-driver, twist off the screw or shear 
part of the head. 

If there is theory about the use of such 





a simple thing 
worth while to study a little of it 
application in the more important details 
of an engineer's work. 
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as this, it would seem 


for 























R. CEDERBLOM. 





Chicago, Il. 

















Memoranda on Nail Works’ 


Boilers 




















“W. E. C.” on page 589 of the April 
14 number, asks if it would be practical 
four 














to connect 8o-horse-power boilers 














and one 150-horse-power boiler to the 


same steam line; the 80-horse-power boil 











ers having their safety valves set to 90 
pounds and the 
set to IT5 pounds. 





botler 
In my opinion, this 


150-horse-power 














would be satisfactory, and: especially so 





if a working pressure of, say, 110 pounds 





were carried in the 150-horse-power boiler 














and reduced to the working pressure of 











85 pounds through a reducing valve, tend- 
ing to superheat the steam and thus re 
sult in dryer steam and better all-round 
results. 

Just exactly what “W. E. C.” 
when he says: 




















means 








“The question is whether 











the water-tube boiler can ever evaporate 








sufficient water to make enough steam to 














be able to raise the pressure sufficiently 








to blow off the safety valves on the 8o- 





horse-power return-tubular boiler,” is not 





very clear, for the building up of pressure in 
the that 
than is 
of 
generated by a boiler depends upon the 
of heat the water. 
The fact that a boiler is not blowing off 
is no whatever that it is 
being worked to its full capacity. 














steam mains merely indicates 





generated 
being used; while the amount 


more steam is being 





steam 





amount received by 











indication not 














I have 





seen boilers working to almost twice their 
the 
pressure 20 pounds below normal, due to 





rated capacity and yet have steam 








an excessive demand for steam. 
i: “WwW. 2... c.” 


the safety valves blow off, let him care 





is really anxious to see 














fully slack up on the steam consumption 





while the boilers are being run as usual, 





and he will soon be gratified; he could 





then turn the gases off the 80-horse-power 





boilers, shut off the steam consumption 
altogether and call the owners, who could 





then see the 150-horse-power boiler lifting 
the safety valves of the otger four. How- 
ever, the most practical way to determine 











how much steam each boiler is generating 
the of 


each say, 





amount 
for, 


is to weigh or measure 
to 
three or four hours, the 





feed-water delivered 








longer the bet 





ter, while under ordinary working condi 








tions, and finishing with the water level 





in the gage glass the same hight as when 
the test started; this would give 
real knowledge of the load 
was distributed than years of watching 








was 








more how 








the safety valves. 





GEORGE P. PEARCE. 





Exeter, N. H. 








A Home-made Mercury Vacuum 
Gage 


The accompanying sketch shows an 
improved form of mercury gage. It has 
a drip glass which effectually prevents 
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GAGE ARRANGED TO TRAP MOISTURE 
any water collecting on top of the mer- 
cury, and is adjustable. 
WILFRED TWINCH. 
Glendale, Ariz. 





Zeros and Infinities 


Dr. Steinmetz’ remarks on page 510 of 
the March 31 number, suggest the follow- 
ing reflections : 

The word “infinity” is used in technical 
discussion to convey three distinct im- 
pressions; andghis fact almost robs it of 
its effectiveness. First, it means in-finis, 
“without end.” Applied to the question 
of energy-development from 
steam, this interpretation would mean that, 
matter how far the 
energy had ever been carried, there would 
still be more to be got—provided we 
could supply conditions sufficiently favor- 
able for the continuance of the process of 
abstraction. 

Second, it means “greater than any as- 
signable quantity; that is, greater than 
we have any human means of imagining 
or expressing, but not greater than can 


expanding 


no abstraction of 
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possibly exist. Thus, it is proper to speak 
of the distances of most of the fixed stars 
as “infinite.” Yet no one believes that 
there does not exist, at any moment, an 
exact distance between the earth and any 
fixed star, which would 
in miles if we could but 


measurable 
span the enor- 
mous abyss in any way. In this same 
way it is proper to state, mathematically, 

I 
ax 


that dx is less than any quantity which 


be 





=. This equation means merely 


. I 
the human mind can comprehend, and a 


is greater; but that both are real quanti- 
ties. 

This applies directly to Dr. Steinmetz’ 
from the 
He says that the area beneath 


illustration logarithmic curve, 
=e". 
this curve, from + =o to x =, is unity. 
What does this, being interpreted, mean 
in common sense? Merely that the area, 
for any finite or knowable value of +, 
is a fraction. But, if all human experience, 
working with all knowable dimensions (in 
this particular case), can compass only 
fractions, or things less than “unity,” is 
not “unity” something “greater than any 
assignable quantity,” quite beyond the 
human understanding? It certainly is. 
Similarly, it is quite true and proper to 
speak of the universe in one breath as 
“a unit” and in the next as “infinite.” 
For it is truly both. 

But the equation between energy and 
matter does not let us off even so easily 
as the above. It is broadly and practically 
true that the energy possible to be ab- 
stracted from any substance is both “un- 
ending” and “greater than any assignable 
quantity.” Nor does it approach “unity” 
as a mathematical limit. If anyone doubts 
these statements let him consider radium. 

Third, the use of the sign of infinity is 
as a cloak for either ignorance or sheer 
nonsense. It is like the Jusus natural 
(“freak of nature”) of the older natural- 
ists, used for phenomena which they knew 
not otherwise how to classify or explain; 
of which Swift his “Gulliver’s 
Travels,” that it was a “wonderful solu- 
tion of all difficulties’ which could be 
solved in no other way, “to the unspeak- 
able advancement of human knowledge.” 

We Now 
division means cutting up. Therefore, if 
we cut a single sausage into slices each of 
which contains zero substance, how many 
slices shall we have? Plainly, infinity. 
The answer is as clear, definite and sensi- 
ble as is the mind's picture of the butcher 
standing over the sausage, going through 
all the motions of slicing, yet never touch- 
ing the sausage! 


‘ 


says, in 


; I 
often see written: —- = 


And yet it is toward exactly this sort 
of a mathematical expression which tends 
the quantity of energy to be got from 
steam, were we to expand it down to 
“zero” pressure and “infinite” volume. 

Nature knows no zeros and no infinities. 
The words may be useful in pure mathe- 
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matics, but must abandon them be- 
fore we apply our mathematics to natural 
problems. 


we 


Siwney A. REEVE. 
New Haven, Conn. 





Burning Oil and Tar 


Referring to my letter under the above 
caption, appearing on page 545 of the April 
7 number, there is a typographical error 
in the eighth line from the bottom of 
the column. The article reads “Io per 
cent.” while the copy read “2 per cent.” 
This error is very misleading and I trust 
you will be able to correct it as early as 
possible. 

EpGar KIDWELL. 

Los Angeles, Cal. 





Putnam-engine Repairs 


Having to replace a set of worn 
cams and levers on a Putnam engine re- 
cently, and not having time or power to 
turn the engine to set the cams, I devised 
the following plan: Templets of sheet steel 
were made to match the steam and ex- 
haust cams, with center lines drawn on 
them, as per the accompanying sketch. 
The cam-shaft was removed and a tem- 
plet slipped onto the shaft and against a 
cam. A mark was made on the shaft to 
coincide with the center line on. the tem- 
plet. With the old cam removed and a 
new one placed on the shaft, the tem- 
plet and cam rolled until the line and 
mark on the shaft coincided. The cam was 
secured, the jig removed, and all re- 
maining cams placed in the same man- 


<> 





SHEET-STEEL TEMPLETS 


ner. The shaft was then replaced in its 
bearings and the engine started, and the 
final adjustments made by the indicator. 
In this way a hard job was got around in 
about two hours by two men only. 
J. W. Grant. 
E. Pepperill, Mass. 
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Some Motor Troubles 


I have found it to be bad practice to belt 
, direct-connected motor direct to a long 
line of shafting from which many machines 
are driven, because of the heavy starting 




















PROPER AND IMPROPER POSITIONS OF 
LEVER WHEN STARTING 


FIG. I. 


current required; and in case some of the 
operators have left their machines on, 
there is danger of burning out the motor. 

A motor should start slowly when the 
lever on the starting box is thrown to the 
first or second segment as shown in Fig. 
t at A. If the conditions necessitate 
placing the lever in the position B, before 
the motor will start, there is danger of 
burning it out. Connecting the motor 
through a countershaft and friction 
clutch, as shown in Fig. 2, would avoid 
any difficulty along this line. 

The following is a case in point: A 35- 
horse-power direct-current 220-volt motor 
was belted to a long line of shafting, and 
from this shafting planers were’ driven 
by countershafts. The circuit-breaker on 
the switchboard was first set at 150 am- 
peres, but when the lever on the starting 
box at the motor was thrown to the first 
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installed, this trouble would not have oc- 
curred. 
H. A. JAHNKE. 
Milwaukee, Wis 





Can an Indicator Detect Leaks > 


In reply to George Lyon’s inquiry re- 
garding an authority for the statement 
that an indicator can detect leaks, I would 
refer him to Pray’s “Twenty Years with 
the Indicator,” lesson I, page 23. 

The method consists of erecting the 
theoretical curve on the actual expansion 
line of the diagram. If the actual curve 
falls below the theoretical, you may de- 
pend on it that the piston or exhaust valve 
is leaking; if the curve of the diagram 
comes above the theoretical expansion 
line we may be positive that the steam 
valve is leaking. 

The directions for erecting the theo- 
retical curve may be found in almost any 
book on the indicator, but in my opinion 
the book above mentioned covers the mat- 
ter fully. 

C. A. CAMPBELL. 

Hammond, Ind. 





Knocks in Steam Engines 


I noticed a letter in the April 14 num- 
ber by “W. O. R.,” who seems to have 
some very radical ideas about valve set- 
ting. Evidently he does not know that 
one of the largest engine builders in the 
United States will not set up a single- 
eccentric engine on any kind of a guar- 
antee to run condensing. 

He says compression is not a necessary 
factor in a quiet-running engine; but if 
he follows his own advice and tries to run 
an engine without any compression he 
will know more about it next time. Fur- 
ther, he says that any engine of repute 
will run as quietly condensing as non-con- 





Line Shaft 











D.C. Motor 


FIG. 2. 


‘gment the circuit-breaker flew 
showing that it took over full-load 
nt to start. The circuit-breaker was 
hen set at 200 amperes, and some men 
1ad to pull on the motor belt to get the 
1otor started. 
lf a countershaft and clutch had been 


out, 
cur- 
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densing with the same valve setting; but 
it certainly will not; this I know from 
experience, as I had charge of a 700- 
horse-power Buckeye engine connected to 
a surface condenser, which, on account of 
using the exhaust for evaporaters at 
times, was switched off and on the con- 


780 


denser several times a day, and I did not 
have to be in front of the vacuum gage 


to know when the change was made 
either. 
His article sounds like a young man 


who knows it all; and as rigid as the 
Massachusetts license laws are, | wonder 
how he got his license. Judging from his 
letter, the only way to keep an engine 
running right is to wear a white shirt 
and never use a wrench or an oil can. 

J. C. Harrincton. 

Columbus, Ohio. 


I should say that “W. O. R.,” in the 
April 14 number, is right. Some years 
ago, I fired steamboat, having a 
compound engine of 1000 horse-power. 
One day the air pump broke down and 
the engine non-condensing. 
There was no changing of valve-gear and 
it ran just as smoothly that way as it 
did condensing. 


on a 


was run 


ALBERT SMITH. 
Barrytown, New York. 





In the April 14 number, on page 585, 
“W. O. R.” made pretty strong 
statements in regard to the correspond- 
ents, and says he is sure Power would 
not give him the space to reply to all of 
the misstatements and point out all the 
mistakes of those who say he is wrong. 

I say, go ahead “W. O. R.” 

I am trying to acquire an engineering 
education by reading Power, and I know 
the editor doesn’t want one of his pupils 
tc fill his 
statements when, by 


some 


and mis- 
Ww. i ko 


a little space, all such shall be corrected. 


head with mistakes 


giving 


We have a cross-compound engine on 
which the makers put a second eccentric. 
We carry a vacuum of about 25 inches; 
if we increase it to 26 inches the engine 
starts to pound on the low-pressure side, 
so instead of giving more compression 
we prevent the vacuum from reaching 26 
inches. 

If we the vacuum and run non- 
condensing, quite a few knocks start and 
continue until we get our vacuum again. 
Our cranks, eccentric- 
straps and crosshead boxes are run pretty 


lose 


main bearings, 
loose and the upper crosshead shoe is set 
so that a sheet of paper can be drawn be- 
tween it and the guide. 

Regarding the pressure in a 
modern engine, I confess | am thick on 
the subject, and as that is the boiler pres- 
sure namely pounds, it 
makes me all the more interested. 


receiver 


we carry, 125 


Our load is very irregular and our re- 
cciver pressure goes down when the load 
goes on and up when it goes off. But 
we don’t bother to balance the load be- 
We regu- 
late the cut-off on the low-pressure side 
so that the governor will travel in the 
highest place, regardless of what the re- 


tween the high and low sides. 


ceiver-pressure gage shows. 
A. W. Griswo tp. 
Adams, Mass. 
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The Gain from a Live-steam’ 
Feed-water Heater 


I was much interested in the article 
on the above subject in Power of March 
31, as it reminded me of a similar in- 
vestigation which I conducted over twelve 
years ago in this city. The Lindell Rail- 
way Company, now a part of the United 
Railways system, had installed at its prin- 
cipal power house, at Park and Vande- 
venter avenues, a number of large Hoppes 
live-steam feed-water heaters and _ puri- 
fiers. On one occasion a representative of 
the builder called at the plant and was 
surprised to find the purifiers out of serv- 
ice. On making inquiry he was informed 
that the operating engineer had assured 
the management that their use was ac- 
companied by a notieeable loss of fuel. 
This statement was emphatically disputed 
by the Hoppes representative, who in- 
sisted that aside from the question of 
purification of the feed-water, not only 
was there no loss of efficiency, but there 
was actually a gain. Admitting some 
small loss due to radiation he claimed that 
this was more than offset by improved 
conditions of operation. The result of the 
controversy was that an agreement was 
reached between the parties that a series 
of tests should be run, under conditions 
as nearly identical as could be secured, 
with a view of determining the point at 
issue. I was selected to make the in- 
vestigation and report, and immediately 
entered upon the work. 

Considerable difficulty was found in 
controlling conditions so as to make them 
approximately the same for two runs, but 
this was finally done. I submit a de- 
tailed report of the results, which I be- 
lieve have never before been published. 
The trials were run in accordance with 
the established practice, at that time, the 
coal being carefully sampled and analyzed, 
and its calorific value determined. The 
pressure carried, capacity developed, and 
coal burned per square foot of grate sur- 
face per hour, were practically identical 
for the two runs. The efficiency was 
56.89 per cent. with the heaters and 55.96 
der cent. without. This result is, of course, 
, within the limits of ordinary errors of ob- 
servation, and while it could hardly be 
said to have established the fact of an 
actual gain in efficiency, it was considered 
conclusive as to the point that there was 
no loss. The test was made on a Stirling 
boiler, equipped with a Hawley down- 
draft furnace. The purifier was known as 
size N, 18 feet 5 inches long over all, and 
61 inches outside diameter, with 1319 
square feet of pan surface, and rated at 
750 horse-power. Steam from the purifier 
was used to run the boiler feed-pumps, 
thus insuring circulation of steam and re- 
moval of gases. 

At the same time a test was run to 
determine the radiation losses from the 
purifier. This was done by connecting 
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it to the boiler in the usual way, except 
that no water was pumped through it. 
The pans were kept full of water, how- 
ever, and the water level was kept at a 
fixed point in the bottom of the shell. The 
radiation loss was measured by the con- 
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of more than twice the capacity of the 
boiler, the proportionate loss was slightly 
under % per cent. Allowing for this fact. 
the efficiency with purifiers was about » 
per cent. greater than without. 

It is, of course, impossible to draw posi- 


densation of steam, which -was drawn off 


tive conclusions from work oi this kind 


RESULTS OF EVAPORATIVE TEST TO DETERMINE THE EFFICIENCY OF A HOPPEs 
LIVE-STEAM FEED-WATER HEATER. 


Without Heater. With Heater 


Ne aaa fa Soak ia sen ns lg arsaifes Bice iaxieae certian GAP DStS7e- we vahe a ilaabarne ote a 8 2-1-’96 2-5-'96 
SI ch tO Seca ssc ola ANE Janek Gi Sie bw Lied co swow inate et eG Leal Hours 10 10 
Muminer Of Datlereim OMerAtion....... 2... ci cca ccccccecccnccsvcces One One 
I oad ea ae ck ie a ta Ge lal A Je y's ora oreo alors Wei Drizzling, cloudy Cloudy 
DIMENSIONS AND PROoPpORTIONS.—Kind of boiler................... vies Stirling 
REN NN is 6c ad ovine oe wicielname sae arsed Area square feet, 51. 51.47 
Water heating surface. ........ccccececces...... 8QUare feet, 3577. 9 3,577 .9 
SUPSPHOCMLUINE SUPTACE,.. ... occ cccceccccsesesses» SQUGre feet, None None 
Percentage of air space in grate... .............00.. per cent., 48 .33 48.33 
Ratio of grate surface to water heating surface......... one to 69.51 69.51 
Mean opening of damper (percentage of full opening) . - 100 100 
Chimney dimensions, hight and diameter................... 157’x90” 157’x90” 
AVERAGE PRESSURES. — Atmosphere, as per barometer....... inches, 29.44 29.10 
Steam in boiler, A Oe ie rere ee pounds, 138.53 138.34 
ee eee pounds, 153.2 153.0 
Rr rer ere re Inches of water, 0.86 0.87 
AVERAGE TEMPERATURES.—Of external air................ deg. F., 45.8 37.9 
N20 So ccc orgeih fer alin aatteMe ial alana Gonarcd ce Aa ue. alee deg. F., 69.4 63.4 
Of escaping gases entering chimney.................. deg. F., 492.1 485.5 
Of feed water entering boiler or purifier............... deg. F., 60.2 55.3 
NS Eee ere deg. F., 359.8 359.7 
Of boiler room, top of boilers near purifier.................. 112.6 128 1 


FuEeu.—Kind of coal 
Size of coal 





Glen Carbon 
Run of mine 


Glen Carbon 
Run of mine 


Cost per ton of 2,000 pounds, delivered..................... $1.35 .35 
Calorific power by calorimeter. . British thermal units per pound, 11,674 11,610 
Theoretical evaporative power, from and at 212 deg. F., in 

— SOUR OT POUNCE 55.20 0.n acd avo G10 00-4 04 edie wie beans 12.089 12.022 
ee ee ena ee pounds, 14,810 14,750 
Total ash, clinkers, and unburned coal............... pounds, 1,840.5 1,963 
PROmpOrtIOn Gf GN, CtC., tO COR... occ ccccesseess per cent., 2.43 13.31 
ROOM COMDUBLINNG DUPRE «5.6.5 505i ccc ce ccewccces sees pounds, 12,969.5 12,7 87 
pO rere er ear ere inches, Z 6 

COMBUSTION PER Hour.—Coal actually consumed.......... pounds, 1,481 1,475 
Combustible actually consumed..................... pounds, 1,297 1,278.7 
Per square feet grate surface, coal................... pounds, 28.77 28.66 
Per square feet grate surface, combustible............ pounds, 25.2 24.84 
Per square feet heating surface, coal................. pounds, 0.411 0.412 
Per square feet heating surface, combustible.......... pounds, 0.363 0.357 

CALORIMETRIC TESTS.—Quality of the steam, (dry steam = 1)...... 98.98 99.45 
Amount of water entrained in the steam............ per cent., 1.02 0.55 
ME GE OEIC 5 o.oo oon o 055 oo ec ee teenies deg. F., None None 

WaATER.—Amount apparently evaporated................. pounds, 84,014.6 83,849.5 
Amount actually evaporated (corrected for entrainment)... ... 

SOE FTE Pe Ee PMA OF AES Oe aE Ay he ree pounds, 83,157.65 83,388 .3 
ee aa, OS LS OOS a ee 1.2048 1.2098 
Equivalent evaporation into dry steam from and at 212 deg. F., 
ead ety OE TEE LR ER oD eee ree ee SE” pounds, 100,188.34 100,883. 2 

Economic EvAporaTion.—Per pound of coal: 
Water actually evaporated (correc ted for entrainment) . pounds, 5.615 5.653 
Equivalent from and at 212 deg. F.................-. pounds, 6.765 6.839 
Per pound of combustible.—Water actually evaporated (cor- 

POCCOU TOF CHCTAIMINONE) «2... occ ccccicesccseecees pounds, 6.412 6.521 

Equivalent from and at 212 deg. F........ cc cescccee pounds, 7.725 7.889 
EVAPORATION PER Hour. 

Water actually evaporated (corrected for entrainment) . pounds, 8,315.77 8,338.8 

Equivalent from and at 212 deg. F.................. pounds, 10,018.83 10,088 .3 

Per square foot heating surface.—Water actually evaporated 

(corrected for entrainment).............0.e00.. pounds, 2.324 2.331 
Equivalent from and at 212 deg. F.................. pounds, 2.800 2.820 
Per square foot grate surface.—Water actually evaporated 

RRR Ace Re eee ri pane erer pounds, 161.57 162.01 
Equivalent from and at 212 deg. F......3.......006- pounds, 194.65 196.00 

EFFICIENCY. 
Percentage of total calorific power utilized, or efficiency 

ELIE IO CEE Re PS Oa ee Pe ee per cent., 55.96 56. 886 
Water evaporated for $1.00 worth of fuel............. pounds, ye 022 10,133 
Cost of evaporating 1,000 pounds of water.............. cents, 9.98 9.87 
Coal consumed per horse-power per hour............. pounds, 5.1 5.044 
NC iii bc cid es. Ons Kaine ens tk 6 OaW meee cents, 0.342 0.341 

HORSE-POWER. 
Actually developed on basis of 344 pounds water evaporated per 

hour from and at 212 Gem. FB... 6. ccc cess horse-power, 290.4 292.41 
I, SN Cs oe Dim ae Kee k/kale a 6S OS aA Re eke ee 

Bea Pete a ba ek anos 6. 4 eecthres maT aeera ds he cman deb eae AAS horse-power, 345.3 345.30 
Proportion capacity developed is of commercial rating. per cent., 84.1 84.68 
Heating surface required to develop one _ horse-power 

Pre She re ETEK care BNA Te tas ate RR a CRIa OS EAS cence square feet, 12.32 12.23 


ANALYSES (AVERAGE.)—Coal. 
ee ook ski SS Siar ad athe, bib ays 
Wemmene MORSLET, . ow cc eee 
Dime GCRPUOM. ... cs cc ieee 
ae 
re 


at frequent intervals, passed through a 
cooling tank to prevent vaporization, and 
then weighed. The results, reduced to 
equivalent fuel consumption, amounted to 
14.87 pounds of coal per hour, which was 
exactly r per cent. of that burned under 
the boiler. As the purifier, however, was 


‘ ng .78 per cent. 
otkee rakes .. $2.73 per cent. 
be catnaiars .. 44.75 per cent. 

Rig acter e 3.47 per cent. 

27 per cent. 


100.00 per cent 


as the efficiency of a boiler may be af- 
fected either way by many. conditions 
which it is difficult and sometimes im- 
possible to control. Admitting, however, 
that absolute accuracy cannot be obtained 
in such work, the above results indicate 
that there is some improvement in effici- 
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ency due to the use of. purifiers, large 
enough at least to offset the radiation 
This opinion, I find on investiga- 
tion, is confirmed by experience elsewhere. 
The matter is discussed at some length in 
The Engineer, of New York, for Feb- 
ruary 4, 1893. Assistant Engineer T. W. 
Kinkaid, U. S. N., in an article-in The 
Journal of the U. S. Naval Engineers 
for August, 1892, entitled “Feed-water 
Heating,” also refers to the subject. G. 
Wilkinson, chief electrical engineer, Bor- 
ough Works, Harrogate, England, pre- 
sented an exhaustive paper on this sub- 
ject before the Incorporated Municipal 
Electrical Association, London, on June 
22, 1906, which was republished in the 
Electrical Review, of New York, August 
4 and 11, 1906. Mr. Wilkinson mentions 
the established belief that all methods of 
feed-water heating — exhaust, economizer 
and live steam — show higher efficiencies 
in practice than can be accounted for by 
theoretical considerations only. He cites 
the experiments and discussions of Hal- 
pin, Crompton, Hamilton, Anderson, 
Bramwell, Dales and others, which estab- 
lished the fact that heat transfer per 
square foot of surface per degree differ- 
ence of temperature per hour is much 
more rapid after evaporation has com- 
menced than while the water was being 
heated up to the boiling point. With 
cold feed a large proportion of the sur- 
face is inactive, whereas if the water is 
introduced at the boiling point, abullition 
goes on over practically the entire heating 
surface, and at a much more rapid rate 
of heat transfer. This is equivalent to an 
increase in the amount of heating surface, 
which is well known to improve boiler 
efficiency. Mr. Wilkinson gives the re- 
sults of a comparative test where live- 
steam heating increased the efficiency of 
a boiler plant from 68.84 to 76.40 per cent. 
Professor Unwin has also mentioned the 
same fact of increased rate of heat trans- 
fer, and says that the gain is often as 
much as 15 per cent. MacFarlane Gray 
says that the feed-water should always be 
heated in a separate vessel from that in 
which it is evaporated. Bertin, the 
‘minent French authority, refers to the 
fact of increased efficiency in his “Marine 


losses. 


Boilers.” Our own Admiral Melville has 
noted the same fact, and attributes it to 


The 


London, comments on this subject at some 


more rapid circulation. Engineer, 
length editorially in a recent issue, citing 
he extent to which live steam heaters 
been used in steamships for years 

st, and the improved efficiency which has 
sulted. A communication in a recent issue 
i} London Engineering goes into the matter 
some length, claiming that the fact 

' there being a saving is proved by long 
experience. Some authorities place the 
I am 
inclined to place confidence in the results 
the two trials we made, on account of 
having succeeded in maintaining condi- 
tions which were so nearly parallel. The 


ing as high as 5 or 6 per cent. 
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difference, if any, was against the purifier, 
as the external and indoor temperatures 
were both slightly lower on the last test, 
thus increasing somewhat the heat loss 
through the brickwork. Furthermore, the 
boiler itself was probably less clean than 
when the first run was made. 

It is difficult to assign any explanation 
or reason for improved efficiency under 
these conditions, other than that noted in 
Mr. Wilkinson’s paper, which appears 
very plausible. In actual running serv- 
ice there is, of course,a marked economy, 
due to the cleaner boiler, the absence of 
any necessity for blowing off, and the 
long uninterrupted runs. The boilet’ works 
under, more uniform conditions as to tem- 
perature and pressure. The steam which 
it is necessary to dispose of in order to 
prevent accumulation of gases in the puri- 
fier, is, in American practice, used for 
operating auxiliaries, and thus saved. 
During fluctuating or peak loads the ex- 
tent to which the purifier provides thermal 
storage is, of course, advantageous. 

I can offer no explanation as to why 
the English tests referred to did not show 
some saving. Possibly the purifier was un- 
covered or poorly insulated, or located at 
some distance from the boiler, thus in- 
creasing radiation losses. No tests were 
made of the entrainment, which was as- 
sumed to be the same in both trials. My 
own tests, however, show that this may 
vary considerably under apparently iden- 
tical boiler conditions. 

Witiram H. Bryan. 

St. Louis, Mo. 





A Short Circuit on a Trolley 
Line 


While I was traveling along the high- 
way west of the city of North Adams, 
Mass., recently, there occurred one of the 
greatest electrical firework displays I ever 
saw. The block signal wires of the Bos- 
ton & Maine Railway crossed the trolley 
wire of the Berkshire street railway on a 
steel bridge. During a rainstorm the wires 
came together and pouf! the block system 
was out of business, and trains within the 
block came to a standstill; also the street 
cars on that circuit. 

It was almost impossible for one to look 
at the bridge, the glare was so bright, 
right in daylight, too. 

If it had happened at night it would 
No 
one got hurt because everybody gave the 
bridge a wide berth until one of the Berk- 
shire company’s linemen went out on top 
of a car and pulled ‘the wires apart and 
the fireworks were over. 

I went up on the bridge and some of the 
iron work looked as if it had been at a 
white heat, and a lot of bolts were burnt 
off of the top girders. They have not yet 
found to what extent the bridge is dam- 
aged. I asked an electrician why the cir- 


have been something to remember. 
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cuit-breaker at the power house did not 
blow out. 

He told me it takes two grounds to 
make a short circuit. I am not an elec- 
trician, but by the looks of the trolley- 
car rails on the bridge there were not only 
two grounds but any number of them. 
Some of the rail flanges were burnt off 
so they had to be replaced; and is not the 
rail on a trolley road the negative wire 


and the trolley wire the positive? If so, 
the circuit-breaker should have blown 
out. 


While looking at the damage 600 volts 
could do in such a short time, it made me 
wonder what would become of the work- 
ing force in a modern steel power house, 
if the same thing would happen inside. 

Josern Bonnet. 

Adams, Mass. 





A Wiring Problem 


We would like to arrange an electric 
signal system to operate from the power 
house and from ‘each of four’ buildings 
situated from 500 to 1800 feet distant, as 





oO 500 Feet 


Ley, 
Sees 
LOCATION OF POWER HOUSE AND BUILDINGS 


We 
have decided, if possible, to arrange the 
One 5 
inch vibrating bell is to be placed in each 
building; also some form of 


shown in the accompanying sketch. 


system to operate as follows: 
switch to 
signal the power house and operate the 
bell at the same time in case of fire, the 
bell to keep ringing until the switch is 
turned off. The turning on of the switch 
is to also operate an indicator and 5-inch 
vibrating bell at the power house. 
Arrangements are desired so that this 
method of signaling can 
either from the 
building. We have a 
battery of sufficient 


be performed 
any 
storage 


house or 
10-volt 


capacity to 


powcr 


allow 
the system to remain on a closed circuit 
if necessary, limiting the constant flow 
to 4% ampere. It is intended to run a 
single No. 14 weather-proof iron wire to 
each building and have a ground return. 
Would be pleased to have suggestions, 
as to how this can be arranged to operate. 

Harry Harrison. 

Cincinnati, Ohio. 











684. Do not motor-starting rheostats 
come under the head of controlling ap- 
paratus? 

They do, although the magnetic no- 
voltage release and overload device with 
which they are commonly equipped must 
be considered as protective apparatus. 

685. How are these rheostats used in 
starting up a motor? 

A motor-starting rheostat is used to 
prevent an abnormal current from passing 
through the motor when it is first con- 
nected to the line and keep the current 
within safe limits during the acceleration 
period, after the armature begins to re- 
volve. As the accelerating period is usu- 
ally not over 15 seconds in duration, the 
controlling function of a motor-starting 
rheostat is temporary only, that is, it is 
serviceable while the motor is 
speeding up. The resistance conductor in 
the rheostat is not designed to carry the 


only 

















FIG. 226. MOTOR-STARTING RHEOSTAT WITH 
AUTOMATIC NO-VOLTAGE RELEASE 
full current longer than 15 seconds, or 


thereabouts. 

686. /low do motor-starting rheostats 
protect a motor? 

If equipped with a magnetic no-voltage 
release, they open the motor circuit auto- 
matically upon the failure of the current 
supply. It often happens that the supply 
of current is cut off and then suddenly 
turned on again. If the armature of the 
motor is in circuit alone at this time, the 
sudden rush of current through it might 
produce disastrous results in the way of 
damage to the armature. 

687. Show a motor-starting 
equipped with an automatic 
release. 

Fig. 226 shows a General Electric motor- 
starting rheostat thus equipped. The 
automatic is arranged that 
when the supply of current is interrupted, 
the littke magnet a@ which holds the lever 
s in the “On” position becomes demag- 
netized and allows the lever to fly back 
under the influence of the spring e, to its 
“Off” position, as shown in the illustra- 
tion. 

When the supply current is again turned 
on the main line, it cannot again flow 
through the armature of the motor until 
the attendant moves the lever s over the 


rheostat 


no-voltage 


release so 
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« 


series of contacts m, starting the motor 
gradually as before. 

The retaining magnet a is usually con- 
nected in series with the shunt-field wind- 
ing of the motor, and the armature will 
therefore be cut out of circuit if by any 


field circuit should become 
of this magnet 


accident the 
broken. The resistance 

















FIG. 227. 


MOTOR-STARTING RHEOSTAT WITH 
OVERLOAD AND NO-VOLTAGE RELEASE 


coil is so small that it does not weaken 
the magnetizing effect of the field wind- 
ing appreciably. 

688. What is the purpose of the over- 
load attachment mentioned in 684? 


To protect the motor from heavy over- 

















228. THE 
ASSEMBLED 


MOTOR-STARTER OF FIG. 
WITH MAIN SWITCH 
AND FUSES 


FIG. 227 


loads or short-circuits, and also to afford 
a convenient means of ascertaining the 
strength of the current in the armature 
circuit. The overload attachment is in- 
tended to act as a safety device only for 
overloads not greater than 50 per cent. 
capacity of the motor 

used. For overloads 


above the rated 
with which it is 
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greater than this, fuses should be de- 
pended upon. This arrangement, how- 
ever, permits using. larger fuses, and thus 
saves the annoyance and expense of fre- 
quently renewing them, which permits the 
use of high-class reliable fuses that might 
prove too expensive if frequently blown. 

689. Jllustrate and describe a motor- 
starting rheostat equipped with an over- 
load attachment. 

A Cutler-Hammer motor-starter of this 
class is shown in Fig. 227. Aside from 
the overload attachment, the starter is 
similar to the one previously described. 
The overload attachment consists of a 
small magnet m, through the winding of 
which passes the full current of the 
motor. When this current becomes ex- 
cessive, the magnet attracts its iron arma 
ture and closes a short-circuit around th« 
terminals of the retaining magnet which 
holds the lever c at the “On” position 

To Supply Main 





























WIRING 
TUS SHOWN IN FIG. 228 


FIG. 229. DIAGRAM OF THE APPARA- 


This short-circuit is closed by means of 
two little bronze fingers at s which press 
against two brass posts. The 
magnet n is thus demagnetized, the rheo 
stat lever c flies back actuated by a spriig 
in its hub, inserts all the resistance, opens 
the circuit, and shuts 

690. How is the resistance 
of a motor-starting rheostat constructed 

In motor-starting rheostats of moderat 
capacity the conductor is in the form of 
wire, wound into helices around asbestos 
tubes. The wire is of a special material 
usually. All the joints are both twisted 
and soldered, and so arranged that even 
should the main body of the resistance 
become excessively hot, the soldered joint 
is kept cool. 

691. When switches and fuses are used 
with a motor-starter, how is the apparatus 
assembled and wired? 

Fig. 228 shows at hf the motor-starter 
previously shown in Fig. 227, 
on a slate slab b, together with a doubk 
pole knife switch f and a pair of inclosed 
fuses m and n. Fig. 229 shows the method 
of wiring this apparatus in circuit with < 
shunt-wound motor S. 


retaining 


down the motor 


conductor 


mounted 
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Increasing the Power of an 


Overloaded Engine 


By W. H. WAKEMAN 


In a certain manufacturing plant a wa- 
ter-wheel supplied a portion of the power 
required to operate the machinery. This 
was transmitted to the main shaft by a 
rope drive. The remainder of the power 
required was furnished by a Corliss en- 
gine belted to the main shaft in the usual 
way. When the water-wheel carried its 
share of the full load, the engine de- 
veloped a reasonable amount of power, 
or in other words, an economical load 
was put upon it; but when there was not 
enough water to develop the full power 
of the wheel, an unreasonable and waste- 
ful load was thrown upon the engine. 


STANDARD OF CALCULATION 


The original speed of this engine was 
65 revolutions per minute, but the total 
load was increased until the point of 
cut-off for the engine was too late for 
good results, and the speed dropped to 62 
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proper basis, the governor now revolves 
8.75 X 65 + 9.5 = 60 

times per minute. This demonstrates that 

in the case of an overloaded engine, the 

original standard speed of the governor 

cannot always be maintained. 

This also answers beyond dispute the 
question: “When is an 
loaded?” For when the speed is thus re- 
duced, notwithstanding the fact that the 
engine is in good order in every respect, 


engine over- 


there can be no reasonable doubt of the 
great load put upon it being responsible 
for the reduction of speed, and it follows 
that an engine is overloaded when its 
standard speed cannot be maintained. 

The load was again increased until the 
speed was reduced to 61 revolutions per 
minute, and as that lowered the produc- 
tion of the works a greater change was 
deemed advisable. 

The illustration shows this engine with 
its governor belt and pulleys, also the 
main belt transmitting power to the main 
pulley. The fly-wheel is 12 feet and the 
main pulley is 6 feet in diameter, there- 
fore the speed of the latter is 


65 X 12 +6= 130 








SHOWING GOVERNOR BELT AND PULLEY 


revolutions. As a general rule‘the speed 
of the governor on an engine remains so 
nearly constant that it is called the stand- 
ard on which other calculations are based, 
but in all cases like this it must change 
The 
diameter of the crank-shaft pulley driv- 
ing the governor 8.75 and 
was not changed. The governor pulley 
was 8.5 inches, therefore the governor re- 
volved 


as the following calculation shows. 


was inches 


8.75 X 65 + 8.5 = 67 
times per minute. As the increased load 
caused the engine speed to be reduced to 
62 revolutions, the governor revolved 

8.75 X 62 + 8.5 = 63.8 
times per minute. 

The diameter of the governor pulley 
increased to 9.5 and if the 
standard speed of this governor is taken 
is a basis for the calculation, the fly- 
wheel would revolve 

67 X 9.5 + 8.75 = 72.7 
times per minute, but in practice the speed 


was inches 


was actually increased to 65 revolutions, 
or the original speed was restored. Tak- 
ing this speed of the crank-shaft as the 


revolutions per minute, assuming that the 
engine runs at full speed. It was de- 
cided to increase the diameter of the main 
pulley to 7 feet, as that was the limit that 
could be secured without removing a brick 
wall and other obstructions. 

would then 


The speed of the engine 


have to be 

7 X 130+ 12= 76 
revolutions per minute in order to give 
the shafting the regular speed for which 
the and _ this 
made it necessary to decide the governor 


machinery was designed, 
speed on which to base the calculation for 
pulleys. Under these conditions the proper 
plan to follow is to take the original gov- 
ernor speed, which was 67 revolutions per 
minute, and design a governor pulley that 
will give the required engine speed. Then 


76 X 8.75 +67 = 10 


inches, nearly, which is the diameter of a 
pulley for the governor that will give the 
desired result, provided the engine is not 
so heavily overloaded that it cannot main- 
tain the speed for which the governor was 
made. 
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ANOTHER INTERESTING POINT 
There is another interesting point to be 
taken into in this connec- 
tion, namely, the power developed under 
Variations in speed. 


consideration 
lf sufficient load is 
put upon an engine to reduce its speed 
with full boiler pressure, the valve-gear 
and other parts usually show signs of dis 
tress, such as vibration of the rods, grat 
and this 
the 
some cases) to decide that the engine is 


ing of the valves, etc., causes 


casual observers (also engineer, in 
developing more power than under other 
conditions, but this is not always a cor 
rect conclusion. 

For 
above-mentioned 


take 
assuming the 
the piston to 200 
and ‘the stroke 36 inches. 
Where an engine is so badly overloaded 


of this idea the 


engine, 


illustration 
effective area of be 
square inches 
that it cannot be successfully operated, it 
is only fair to assume that there is a cer 
tain point of cut-off that will give the 
maximum mean effective pressure, espe 
cially if the engine belongs to the class that 
cut off steam automatically nearly up to 
one-half stroke, and if more load is put on 
after this point is reached, no more steam 
can be admitted until the next stroke 
begins. The Corliss engine does not be 
long to this class, but others do (includ- 
ing the Greene), and as this matter 1s 
viewed in a here these 
gines are entitled to consideration. 


broad sense en 
MEAN EFFECTIVE PRESSURE 
of a 


pressure is 


Corliss engine the 
greater after 


In the 
mean effective 
the governor ceases trip the crab 
claws and the steam valves, thus 
admitting steam full stroke, than it was 
at the maximum point of cut-off, but the 
speed is usually reduced much more than 
the above illustration shows, thus intro- 
ducing conditions that are not included in 


case 


to 


close 


the original statement. 

Taking the effective 
pressure at 60 pounds, with a speed of 
65 revolutions per minute, this 


maximum mean 
engine 
develops 

200 X 60 (3 & 2 & 65) + 33,000 = 141.8 
horse-power. If the speed is reduced four 


revolutions per minute it develops 


200 X 60 * (3 K 2 & O1) — 33,000 = 133 
horse-power, or 
141.8 — 133 &.8 


horse-power less than before; therefore, 
although more machinery is in operation, 
it is revolving more slowly, hence less 
power is actually used. 

The mean effective pressure required 
to develop a given power under stated 
conditions may be determined by the fol- 


lowing formula: 


H..P. X% 33,000 
AxS 





= M.E.P., 


where 


H.P. = Horse-power to be developed, 


A = Effective area of piston, 
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5S = Piston speed in feet per min- 
ute, 

M.E.P.= Mean effective pressure. 
Applying it to this case gives the fol- 

lowing result for the reduced speed: 
141.8 X_ 33,000 
200 X 366 
or practically 64 pounds are now required 
to develop as much power as_was realized 
with 60 pounds at standard speed for this 

engine. 


= 63.92, 


After the speed of this engine is in- 
creased to 76 revolutions per minute, the 
piston speed is 456 feet per minute, there- 
fore the same power can be developed 
with a lower mean effective pressure, as 
follows: 

141.8 X 33,000 

2.0 X 456 
pounds, which for ordinary boiler pres- 
sures is a much 





= 51.3 


more economical basis. 





Removing a Crank-pin 


Removing a crank-pin from a crank- 
disk is not always the easiest thing possi- 
ble, as they sometimes resist, seemingly, 
all efforts. In one instance of particular 
difficulty the following method was 
resorted to. Blocks of wood were ob- 
tained and placed as shown at 4 and B, 
on the face of the disk. These blocks 
were long enough so that the cross piece 
C was some little distance from the end 
of the pin. Holes were drilled in the 
ends of the cross piece ( for the two 
bolts D and FE. On the back side of the 
disk another cross piece was put on the 
bolts, and a hydraulic jack between it and 
the inner end of the pin. After chipping 
away the end of the pin where it had 
been headed over, pressure was applied to 
the pin but it absolutely refused to move, 
although the pressure must have amount- 
ed to about 50 tons. 
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POWER AND THE ENGINEER. 
Taking Their “ Exams ” 


The photograph reproduced on the op- 
posite page was taken recently at the 
Schenectady shops of the General Elec- 
tric Company while four big Curtis tur- 
bines were being put through their paces 
before graduating from the shops. The 
turbine in the foreground (at the left- 
liand side) is a 3000-kilowatt turbine in- 
tended for Marseilles, France; the one 
next to it is a 6000-kilowatt turbine for 
the Hudson Company’s Jersey City sta- 
tion; the third is a 5000-kilowatt turbine 
for the Arlington Mills, Lawrence, Mass. ; 
the fourth is a go00-kilowatt turbine de- 
signed for the Boston Edison Company. 





Engineering Ethics 


Dr. Schuyler S. Wheeler delivered a 
lecture in Havemeyer Hall, Columbia Uni- 
versity, on the afternoon of Monday, May 
4. Dr. Wheeler, who is a member of the 
class of °83, said that the subject of en- 
gineering ethics is a question of honor 
among engineers. There is a fine shade 
of difference in the meaning of the two 
words, “ethics” and “honor,” and_ the 
lecturer spent some little time in defining 
this difference. 
marks almost 
honor. 


He then confined his re- 
entirely to engineering 
He outlined the general work of 
the engineer, insisting that an engineer, 
above all things, should be a man of honor. 
He could not specifically state what a 
man’s general conduct should be, because, 
as he said, it was really a hard task to 
tell a gentleman that he must be a gentle- 
man. In detail, he outlined the moral as 
well as the legal duties of the engineer to 
individuals and classes. He said that the 
first moral duty of the engineer was to 
his client; next to the public; then to his 
profession; lastly to himself. Throughout 
the whole discourse ran a plea to those 








SIDE AND FRONT VIEW OF METHOD EMPLOYED IN REMOVING CRANK-PIN 


As a help to start the pin after all other 
means had failed a blow-torch was ob- 
tained and the flame applied to the disk, 
and when the metal got sufficiently hot 
the pin gave way with a bang. The 
heating of the disk, of course, caused the 
metal in it to expand more than the pin, 
which permitted the pressure on the other 
end of the pin to force it out. While the 
heating was going on, the disk was being 
hit with a hammer to assist matters. 


in the profession, and to those soon to 
enter it, to use every effort to elevate the 
profession; not to be, however, men ahead 
of their time, but rather to be men of the 
present, with influences in the profession 
tending to uplift and place it upon the 
high, moral plane where it befongs. The 
discourse was enthusiastically received by 
those present and at its close Dr. Wheeler 
was not only thanked but greeted with the 
Columbia yell. 
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Boiler Built to Test Merits of 
Different Joints 


By M. KENNETT 





The accompanying cut shows the dis- 
tortion of the shell of a boiler which was 
built especially for a test of the relative 
merits of the different of riveted 
joint. The two joints seen in the photo- 
graph are lap-joints, with inside straps, 


types 








SHOWING DISTORTION OF SHELL 


frequently called “locomotive joints” be- 
cause they are largely used in locomotive 
practice. The other joints (not shown) 
triple-riveted and quadruple-riveted 
butt-joints. 

The shell is 3 of an inch thick, of 
60,000 pounds tensile strength, 60 feet 
diameter and 16 feet long. The design of 
the locomotive joint, which is the weak 
est, is such that its efficiency is ‘80 per 
cent., and the theoretical bursting pressur« 
is 


are 


— 


n 


0.375 X 60,000 
30 

According to the best information ob- 
tainable, the pressure actually applied was 
625 pounds. None of the joints actually 
failed, but they were strained to such an 
extent that the leakage of the locomotive 
joints was so great that the test 
abandoned. 





X 0.80 = 600 pounds. 


Was 


The distortion is plainly shown by th« 
straight edge laid across the top, and 
shows that the metal 
siderably beyond its 


strained 
elastic limit; 
while actual rupture did not occur, it un- 
doubtedly would have resulted very soon 


was con 


and 


This case also illustrates very nicely the 
strengthening effect of the girth seams, 
which act very much as the hoops on a 
barrel. This is one of the several ad- 
vantages of building a boiler in two 01 
more courses, instead of using one long 
sheet for the bot’om, and another for th: 
top. 





Tt is reported that by 
boiler setting with a 


covering th 
layer of asbestos 
cement, passing over this a canvas, and 
painting the whole with a heavy coat, au 
engineer has been able to effect a saving 
of about 12.5 per cent. of his coal bill 
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Drilling Standards for Flanged 
Steel Fittings 


By WILLIAM F. FISCHER 


“drilling” 
One 


There are recognized 
standards for flanged steam fittings. 


two 








TaBLE 1. A.M.S.E. or MASTER STEAM FITTERS’ 
STANDARD DRILLING FOR PRESSURES UP 
To 125 PouNnps. ADOPTED BY THE 
LEADING MANUFACTURERS AND 
KNOWN AS ‘“‘STANDARD 


DRILLING.” 
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Note: Bolt-holes to straddle center lines. 
Pipe sizes 2 to 12 inches, inclusive, are for nominal 
inside diameter, and from 14 to 26 inches, in- 
clusive, outside diameter. 








is for pressures up to 125 pounds, adopted 
by a joint committee’ of the American 
Society of Mechanical Engineers, the 
Master Steam Fitters’ Association and 
the leading manufacturers, in August, 
1894. This is the “Master 
Steam Fitters’, or American Society of 
Mechanical Engineers’ Standard Drilling,” 


known as 


or, more simply, “Standard Drilling.” 
See Table 1. 
The other is for pressures up to 250 


pounds. It was adopted at a mecting of 
manufacturers, held in New York, June 
28, root, and is known as “Manufacturers’ 
Standard Drilling.” See 
Table 2. 


Extra-heavy 


The leading manufacturers have adopted 
the above standards, and as a general rule 
all fittings suitable for working pressures 
up to 50 per inch 
known as low-pressure fittings; for pres- 


pounds square are 
sures from 50 to 125 pounds, as standard- 
weight fittings, and for pressures up to 
259 pounds, as extra-heavy fittings. 
Where low-pressure and standard _fit- 
tings are ordcred, and the drilling is 
specified as “standard,” they will be drilled 
as per Table 1; and where extra-heavy 
fittings are ordered and the drilling speci- 
fied as “standard 
they will be drilled as per Table 2, 
otherwise specified by the purchaser. 


extra-heavy drilling,” 
unless 
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In ordering extra-heavy fittings drilled 
as per Table 2, it is not sufficient to say 
“standard drilling,” as the drilling in 
Table 1 is what is known in the trade as 
“standard,” and this drilling, although 
meant for fittings up to 125 pounds, is 
sometimes ordered on extra-heavy fittings 
also, to match old work where the lighter 
fittings are being replaced by heavier ones. 

Where the drilling in Table 2 is re- 
quired it must be specified as “standard 
extra-heavy drilling,’ or, more simply, 
“extra-heavy drilling.” 


How To ORDER 
Makers of hydraulic fittings for higher 
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pressures use different drilling standards 
fronr those mentioned, which are usually 
given in their catalogs. Every engineer 
using steam or hydraulic fittings should 
have a copy of each of the catalogs fur- 
nished by the leading manufacturers, and 
should consult them before placing their 
orders. The catalogs give instructions for 
ordering drilling, ete., which should be 
understood by anyone interested. 

Many steam-engine and pump manufac- 
turers have their own standards, and their 
pipe connections are drilled accordingly, 
unless otherwise the pur- 
Some manufacturers supply com- 


specified *by 
chaser. 
panion flanges to match their special dril- 
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ling, and others do not. This applies also 
to concerns nianufacturing steam special- 
ties, heaters, separators, regulators, etc. 
Therefore, before ordering pipe, fittings, 
or valves making direct-connection to the 
above-mentioned apparatus, it is a good 
plan to carefully note the drilling on all 
connections and order the connecting 
pieces drilled to match. This will avoid 
much delay and expense, not to mention 
the “cussing” by the man higher up. 


EXAMPLE 


If the steam inlet on an engine were 
six inches, with a flange 11% inches out- 
side diameter, drilled with six %-inch 
holes on a 934-inch bolt-circle, and sev- 
eral valves and fittings were ordered all 
to be drilled “extra heavy,” it being in- 
tended that ene of the valves was to make 
connection to the engine flange, what 
would happen? According to Table 2, 
the valves would come from the manufac- 
turers with flanges of 12'%4-inch diameter, 
drilled with twelve 7%-inch holes on a 
10%-inch bolt-circle, and the drilling on 
the: engine flange would not match. 
Therefore, before the valve could be used, 
a filling piece must be placed between the 
valve and engine flange, with one flange 
drilled to match the valve and the other 
drilled to match the engine flange. Again, 
by putting in this filling piece, it might 








TABLE 2. MANUFACTURERS’ STANDARD EXTRA- 
HEAVY DRILLING FOR PRESSURES UP TO 
250 Pounps. ADOPTED BY THE 
LEADING MANUFACTURERS AND 
Known as “Extra HEAvy 
DRILLING.” 
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Note: Bolt-holes to straddle center lines. 
Pipe sizes from 2 to 12 inches, inclusive, are 
nominal inside diameter, and from 14 to 24 
inches, inclusive, outside diameter. 





the length 
of pipe directly above the valve an amount 
sufficient to accommodate the filler. 


become necessary to shorten 


I have seen new valves and fittings dis 
carded and others ordered in their stead, 
simply because the drilling 
ordered to match the apparatus 
placing the first order. 


was not 


when 
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ANGLES OF TEE OUTLETS IMPORTANT 

Another point worthy of note where 
two or more tees are placed together in a 
line, as in Fig. 1, is the angle the outlet 
of one tee makes with the outlet 
other tee. 


of an- 


Referring to Tables 1 and 2, the num- 
ber of bolt-holes are arranged in multiples 
of four, with holes straddling the center 
lines, so that all fittings may be made to 
face in any quarter. 
outlet on tee 4 makes an angle of go de- 
grees with the outlet of tee B (see Fig. 1). 
If outlet A were required to make an 
angle of 45 degrees outlet B, as 
shown dotted, it would be possible to do 
so only where the fittings are drilled in 
multiples of 8, as 8-16-24-32 holes, etc. 

Another voint which must not be over- 
looked in ordering new fittings to replace 
old ones is that standard or extra-heavy 
fittings made by different manufacturers 
do not always have the same dimensions 
center to face, and face to face. 

Once, in designing a system of piping, I 
received word to use a certain manufac- 
turer’s standard 8-inch fittings, which ran 
9 inches center to face. See Fig. 2. I 
located the tees on the drawings (for ex- 
ample) 18 feet, center to center, deducted 


at Sst dsnaanianinsaaiand 
9 jx — — - 156 -——- 9" 


| 
| 8’ Pipe | 


For example, the 


with 














FIG. 2 


18 inches for the two tees and ordered 
the pipe cut and flanged 16 feet 6 inches 
face to face. When the order went 
through, the fittings were ordered from a 
different manufacturer, and ran 934 inches 
center to face. I received no notice of 
this, consequently when the pipe and fit- 
tings arrived on the job it was found they 
The two tees and 
made a grand 


would not go together. 
the piece of pipe in Fig. 2 
total of 934 +934 inches plus 16 feet —6 
inches = 18 feet 1% inches center to cen- 
ter, in place of 18 feet, as shown. 

In the whole run of pipe the difference 
amounted to considerable, and in many 
cases it was necessary to re-cut the pipe 
to suit the new conditions. If the pipe 
had been furnished with rolled, or Van 
Stone joints, it would have been neces- 
sary to send the pipe back to the shop, 
cut it to shorter lengths, roll and finish 
new joints, and return the pipe to the job 
again; or else discard the fittings alto- 
gether and order new ones 9 inches cen- 
ter to face. This means considerable ex- 
pense and delay. 

In ordering fittings and valves it is a 
good plan io give the dimensions center 
to face and face to face; also the outside 
liameter of the flange, the number and 





POWER AND THE ENGINEER. 
size of bolt-holes, and the diameter of the 


bolt-circle required. 


EXAMPLE 
Three 


bows 9 inches center to face; 


el- 


flanges, 15 


8-inch extra-heavy flanged 
inch diameter; drilled with twelve 1-inch 
bolt-holes, straddling center (or on cen- 
ter, as the be), 
bolt-circle. 


case may on a_ 13-inch 

This will prevent any misunderstand 
ing ‘on both sides. Every engineer should 
have a table of standard and extra-heavy 


drilling for casy reference. 





An Expensive Blunder 


From the many letters which appear it 
would seem that it is the poor ordinary 
engineer who makes all of the blunders, 
while if it had been that a better educated 
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the 
separ- 


were run down to a header under 


floor of the turbine room, a wall 
ating the boiler from the turbine room. 
These pipe connections were made with 
bent pipes and fitted with the necessary 
valves for cutting out either of the boil- 
ers. The steam pipe running to the tur 
bine is shown between the two original 
pipe comnections, 

At the side of the second boiler the ex- 
haust pipe was run through the brick wall 
into the boiler room and then up through 


the roof. This pipe was on about the 
same level as the steam header, as shown, 
and when the superintendent connected 
up the second boiler to the header he 


found it was necessary to drop the head- 
er, as shown, in crder to pass under the 
This was done by means 
of the necessary fittings, as shown. He 
evidently thought that this was all that 
the 


consequel 


exhaust pipe. 


was necessary and so turbine was 


started ice about a 


up. <As a 
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PIPING OF 


man had had the plant to operate, the 
blunder, would never have happened. 

In a certain city of considerable im- 
portance, and where there are supposed 
to be some pretty good engineers, there 
may be found a municipal lighting plant 
which is a very good one in its way. It 
consists of three water-tube boilers, one 
500-kilowatt steam turbine which operates 
condensing, and a 12x16-inch Corliss en- 
gine belt connected to an alternator which 
carries the day load. 

The original installation consisted of 
but two water-tube boilers and thereby 
hangs the tale. Owing to an increase in 
the load it was decided by the manager of 
the plant that another water-tube boiler 
was and without consulting 
with the designing engineer he went ahead 
to carry out his own plans regarding its 
installation. The third boiler was set up 
and the connections made. In this plant 
the steam connections from the 


necessary, 


boilers 


BOILER TO 


HEADER 


dozen rows of blading were ripped out of 
the turbine due to a slug of water going 
through the 
pipe, as a means of draining it from con 


from the pocket formed in 
densed steam had not been provided. A 
drain pipe or bleeder was put in which 
the trouble if the 
drains the pipe before starting up, but the 


remedied attendant 


superintendent lost his job. 





A compromise has becn effected with 
the litigants near the Selby smelter, on 
Carquinez straits, by which the company 
has permission to operate one roaster for 
this season. There has been much litiga 
tion in that section about smelter fumes, 
for 
vegetation, of 
It is at this place that 


and though no damage is claimed 
injury to 
are many. 
the new plan of using an electrical device 
to get rid of smelter fumes is being tried. 
The experimental tests were satisfactory 


and the work has been extended. 


complaints 
“odors” 
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The Swindler and the Postal 
Authorities 


P. T. Barnum was the discoverer of 
the fact that people seem to like being 
humbugged, and it appears that the more 
the humbuggers the 
their harvest. 


numerous greater 

Exposure apparently does not discour- 
age any of them and invoking the aid of 
the officials of the United States Govern- 
ment, who are erroneously supposed to 
devote a part of their time to the inter- 
ests of the public, meets with no codper- 
ation. The postal authorities of Boston, 
Worcester, New York and Washington, 
D. C., have been notified that the United 
States mails were being used for fraudu- 
lent purposes and evidence has been sub- 
mitted to substantiate the claim, but be- 
yond a_ polite the 
receipt of the complaints, no notice, as 
far as can be 


acknowledgment of 
learned, has been taken 
by those whose duty it is to prevent the 
itfproper use of the mails. It is really a 
sad commentary on the state of public 
service when 
advantage the 


swindlers are given every 
affords and the 
innocent and ignorant are allowed to be 
plundered. It is not to be expected that 
public officials will hunt for infractions 
of the law, but it is not unreasonable to 
expect that those officials will try to keep 
the service clean and not ignore violations 
of the postal regulations. 


service 





Paying the Price 


Recently our attention was directed to 
a steam-plant installation in a quasi-public 
institution in New York, where there are 
several engines which were not rightly de- 
signed in the first place, and which con- 
tain features which ought never to have 
entered into a steam engine. The engines 
were installed because the company which 
manufactured the lowest. bid- 
der, and because the contractors had not 
yet learned, either by their own experi- 
ence or that of others, that they could not 
get a good engine at a cheap price. 

Why anyone should undertake to obtain 
something for nothing, and that is prac- 


them was 


tically what buying cheap goods means, 
is beyond comprehension. In purchasing 
an engine, one would suppose that in a 
city as large as New York there would 
be somebody in authority who was inter- 
ested enough in the institution to see that 
it was getting a plant at least 
capable of getting up the requisite speed 
without going to pieces, as practically hap- 
pened in the instance referred to. 

An engine 


steam 


designed in such manner 
that the angularity of the eccentric-rod 
has a tendency to throw the valve-arms 
over into an opposite position from that 
in which they were intended to operate 
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can hardly be termed a “model of per- 
fection.” When a steam engine is fitted 
with an outer pillow-block of such frail 
dimensions that the thrust of the crank 
causes it it spring so that the eye of the 
passer-by is attracted to it, it is very evi- 
dent that the makers of the engine have 
not studied the strength of materials, or, 
ii so, have reduced the size of the casting 
to cut down the weight and the cost of 
production at the expense of proper de- 
sign. When the bearing surface of the 
piston of an engine having a cylinder 34 
inches in diameter is considerably less 
than two inches, it would seem as if a 
novice must have had the designing of 
that engine in hand. Much more might 
be said in criticism of the engines in the 
plant referred to, which would not reflect 
credit upon the but have 
pointed out defects enough to emphasize 
the truth of our assertion that because a 


makers, we 


thing is cheap in price, it is not neces- 
sarily a cheap proposition nor a money 
eaver. 


Buying a cheap engine is pretty sure 
to involve the employment of cheap, or 
perhaps it would be better to say, incom- 
petent, erecting men. 
is an example of this. 


The case at hand 
For instance, the 
valves of one of the high-pressure cylin- 
ders of one of the engines were set so that 
steam was admitted to both ends of the 
cylinder at the same time. We will not 
attempt to say who was at fault in this 
matter. Perhaps no one attended to the 
valve setting, each thinking that someone 
else had set the valves; at any rate, the 
engine started with the valves set in the 
manner stated. 

As that incompetent 
men sometimes accompany cheap engines, 
them, 
mentioned. It 


further evidence 


to erect one more occurrence is 


was desired to grind in 
the eccentric and, as a medium, powdered 
emery and oil were used, which ground 
down the bearing surface with despatch. 


The emery and oil were supposed to have 


been carefully removed. The strap was 
put in place and the engine started. After 
several revolutions, the eccentric and 


strap “froze,” causing a separation of con- 
genial rupture of the 
Something had to be done, of 
course, and while some were in favor of 
throwing the 


relations and a 


governor., 
others 


engines out, coun- 


seled patching them up. As a result, they 


are being practically re-designed; new 
valves and valve-gear are being made, the 
stud for the rocker-arm has been re- 


moved nearer the cylinder, to obtain a 
longer eccentric-rod, and other changes 
are being introduced. 

When the changes have been completed, 
the engines will doubtless give good ser- 
Who will pay 
alterations (and it will be a 
pretty penny), is not for us to say, but 
it is very evident that it would have been 
far better policy to have contracted for 
high-grade cngines in the first place, and 
not to have allowed such abortive design 


vice—but at what a cost! 


for these 
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to mar any engine room, whether belong- 
ing to public or private interests, or both, 
as in the, present case. 





Standard Pipe Threads, Flanges 
and Fittings 


In 1862 Robert Briggs, a member of 
the Institution of Civil Engineers, who, 
by the way, invented or the 
globe valve in 1849, collected and_ tab- 
ulated the details of the threaded joints 
employed by manufacturers of 
iron pipe and pipe fittings. What Mr. 
Briggs found was an approximate uni- 


designed 


various 


formity of sizes, of tapers and number of 
per inch among the manufac- 
He suggested a thread standard 


threads 
turers. 
and a set of-test gages that should be 
used by manufacturers to secure greater 
uniformity and accuracy in their product. 
About twenty later, in 1885, the 
American Society of Mechanical En- 
giners appointed a committee to confer 
with the makers of pipe. pipe dies and 
pipe fittings, with a view of bringing 
about a uniformity in the sizes of pipe 
and pipe threads. This committee 
circular many manufacturers, 
held conferences in various parts of the 


years 


sent 
letters to 


country, and found out just what dimen- 
These di- 
presented in tabulated 
form to the general body at the New 
York meeting, November 29 to December 
3, 1886, and the American Society of Me- 
chanical 
to make a concerted effort to bring pipe 
threads and diameters to an interchange- 


sions were being adhered to. 


mensions were 


Engineers urged manufacturers 


able standard by the use of test gages, 
as suggested by Mr. Briggs. 

ight years later flanged fittings had 
come into such general use in America 
that another committee was appointed to 
find out what sizes of flanges were being 
used, together with the number of bolts 
in the flanges and the diameters of the 
holts and bolt-circles. The investigation 
showed a lack of uniformity among the 
several makers and a lack of consistency 
in the practice of individual 
The Master Steam Fitters’ 
whose members desired to buy flanges in 
different parts of the country at different 
times, quickly found that things did not 


concerns. 
Association, 


match; and manufacturers were not will- 
ing to alter or make new patterns without 
extra charges. 

The American Mechanical 
ngineers was appealed to and a com- 
mittee was appointed to confer with man- 


Society of 


ufacturers and master steam fitters, in an 
effort to bring about an agreement as to 
Several 
conferences were held, and the committee 
reported to the society the standard of 
ange dimensions recommended. 

There is no record of any formal adop- 
tion of the proposed the 
manufacturers, but it is that 


anges of standard dimensions. 


schedule bv 
certain 
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flanges conforming to the schedule were 


very soon obtainable from all of them. 
The schedule adopted in the summer of 
1894 seemed to be all that was required 
for a pressure of one hundred pounds or 
under, but long before this, higher pres- 
the 
heavier 


sires were being used all over 


country and the for 
flanges was appreciated by the designing 


necessity 


engineer and the manufacturer. 

The standard recommended 
for the 
tablished a sort of uniformity of prac- 


was suit- 


able purposes intended and es 


tice for low pressure, so much better than 


the old method that had been obtained 
that everyone felt the effort had been 
well spent; but in the matter of pipe 


flanges and drillings for pressures above 
one hundred pounds, the engineer, the 
contractor and the manufacturer met with 
the same chaotic state and lack of system 
that had previously obtained for lower 
pressures, and it was eight years before 
the engineers and others interested suc- 
ceeded in adopting a second, or extra- 
heavy, standard for pipe flanges. This 
schedule was proposed by a joint com- 
mittee of the American Society of Me- 
chanical Engineers and the leading vilve 
and fittings makers June 28, 1901, and 
was generally adopted by January 1, 1902. 
The two schedules, so far as pipe-flange 
diameters and drillings are concerned, 
have been closely adhered to by all man- 
ufacturers. Some may 
in the matter of sizes above twelve inches 


confusion occur 
in diameter, if one forgets that in sizes 
above twelve inches wrought-iron pipe is 
measured by the outside diameter. 

Reside this, there are other variations 
from exact conformity to the standards 
by some firms who drill bolt holes one- 
eighth of an inch larger than specified in 
the schedules, and by the Walworth Man- 
ufacturing Company, which changes from 
four to eight holes at the flange for four- 
inch pipe instead of for four and one- 
half, as specified by the standard, there be- 
ing four holes in the standard-weight four- 
inch flange. With these exceptions it can 
be definitely stated what “standard” means 
in the matter of flanges. 

As regards the length of flange fittings 
practice among 
manufacturers that is sufficiently 


there is a diversity of 
serious 
to warrant the attention of the American 
Society of Mechanical Engineers and the 
Master Steam Fitters’ Association with a 
view to having a uniform schedule es- 
tablished. Out 
thirty catalogs of valves and fittings ex- 
amined for the purpose of investigating 


of a collection of about 


the practice in the matter of length of 
heavy-weight flange fittings, it was found 
that in the seven-, nine-, twelve-, 
fourteen- and twenty-inch sizes the length 
dimensions vary. In all other sizes they 
agree. As the American Society of Mechan- 
ical Engineers has hada guiding influence in 
the matter of pipe threads, flanges, etc., 
for nearly twenty-five years, and as most of 
the valve and fittings manufacturers are 


SiX-, 





799 





represented in its 
would 


membership, there 
for the 
ciety once more to demonstrate its 
fluence in an attempt 
ting dimensions, then, should such an 


seem to be a chance so- 
in- 
to standardize fit- 
ef- 
en- 
gineer ofdered fittings, he would know 
just what he might expect to get if he 
ordered them “standard.” 


fort succeed, when a plant owner or 





General Electric Company's Annual 
Report 


The 16th annual report of the General 
Electric Company, for the year ending 
January 31, 1908, shows the net profits for 
the year to have been $1,403,039.37, which, 
added to the surplus at the end of the 
last fiscal year, makes the total surplus on 
January 31 last $16,513,836.14. During the 
year $5,183,614 was paid in dividends. 

Commenting upon the statement Presi- 
dent C. A. Coffin says, in his report to the 
stockholders: “Late in the year there was 
a sudden and severe shrinkage in value of 
all merchandise and materials used by 
your company, notably copper. All said 
materials, whether raw, manufactured, or 
in process of manufacture, which were on 
hand January 31, 1908, were inventoried 
The 


hook value of such inventories was there- 


at the lower prices then prevailing. 


by reduced by about $2,000,000.” 

The 
were, in amount, the largest in the his- 
tory of the company. 


notes and 


accounts receivable 
The value of the 
total sales billed was $70,977,168, an in- 
crease of 18.2 per cent. over the previous 
year; total orders received, $59,301,040. 
Orders received up to July 31 showed an 


increase of 22 per cent.; for the second 
six months there was a decrease of 23 
per cent. Orders received include only 


apparatus manufactured by the company, 
all other 


billed. 


items being included in sales 





Watch Out for Him 


Warning is being sent out to look out 
for an impostor, who has made his re 


appearance lately. He is stated to be 
about 30 years old, 5 feet 8 inches tall, 
of slender build, light complexion, and 


with crooked teeth. 
English 


He speaks with an 
claims to be connected 


with various important men engaged in 


accent ; 


the electrical and mechanical fields in Eng 
land; generally has a hard-luck story ; and 
borrows money which is never returned. 
He is using a number of aliases and has 
operated all over the country. We are in- 
formed that he is at present in New York, 
and has been recently from in 
Philadelphia, Rochester and other Eastern 


heard 


cities. 


Inquiries 


Questions are not answered unless they are 
of general interest and are accompanied by 
the name and address of the inquirer. 








What is Meant by “Inside Lead?” 


What does the inspector mean when he 

asks, “What is inside lead?” 
J. W. G. 

It is impossible to say what the origi- 
nator of the question meant by the term 
“inside lead.” He may not know what 
lead means. Lead means the amount of 
port opening when the engine is on the 
center. If by “inside lead” he meant ex- 
haust lead, inside lead would be the 
amount the exhaust port was open with 
the engine on the center. If by “inside 
lead” he meant negative lap, it would 
mean the amount the exhaust port would 
be open with the valve in the center of its 
travel. It is rather unprofitable to dis- 
cuss a question of any kind until the 
meaning of every word in the question is 
thoroughly understood. 


Method of Reeling Rope on Pulleys 


What is the best method to use for 
reeling on an American system of rope- 
drive of, say, 13 grooves in the driver and 
driven pulleys, getting the ropes taut? 

M. G. F. 


If the rope is to replace an old one, the 
old rope is cut and one end is spliced 
onto the end of the new rope, power being 
then turned on and the shafting run very 
slowly. The old rope is collected and 
coiled as it runs off. The new rope 
should be held under a couple of ttrns to 
keep it fairly tight. When the first end of 
the new rope reaches the starting point, it 
is spliced after being pulled tight with 
blocks. The drive is then run long 
enough to take the slack out before the 
permanent splice is put in. In the case 
of a new drive, the rope may be pulled 
around by hand for all turns, or it may be 
passed around one at a time and tied to 
the first lap and pulled on, turn by turn, 
with power. 

Soda Ash, Caustic Soda, ete. 

What is the difference between soda 
ash, alkali, caustic and sal soda? 
Will it be safe and will it work all right 
to use alkali in my boiler? 


soda 


La As FB. 

In the trade the terms “alkali” and 
“soda ash” are applied indiscriminately 
to the raw carbonate of soda, alkali being 
used rather more in the English trade. 
When this raw alkali has 
been refined it becomes carbonate of soda, 
the same chemical compound, only the 
trade term “carbonate of would 
indicate the purer product. The formula 
for both is Na. COs. If soda ash or car- 
bonate of soda be dissolved in water, and 
the water evaporated, allowing it to 
crystallize, it will form “sal soda” or 
“washing crystals,’ which is the same 


or soda ash 


soda” 
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thing as the soda ash or carbonate, with 
the exception that it has some water of 
crystallization in it. Caustic soda is Na 
OH or soda lye. The carbonate of soda, 
or soda ash, is frequently used to advan- 
Whether 
or not it will work all right in your case 
depends on what is in the water. 


tage in treating boiler waters. 





Book Reviews 


A ComMPENDIUM 
INFORMATION FOR 


BrENNAN’S HANDBOOK. 
oF UsreFuL LEGAL 
Business Men. By B. A. Brennan. 
First Edition, 1907. Published by 
The Electric Journal, Pittsburg, Penn. 
Flexible leather; 571 pages, 414x634 
inches, indexed. Price, $6 net. 

The author of this compendium was 
until recently contract manager of the 
Westinghouse Machine Company. Before 
that he was with the Allis-Chalmers 
Company, and previous to that with the 
E. P. Allis Company. All told, he has had 
about 16 years’ actual contact with the 
subjects treated of in the handbook, which 
gives strong indications of his evident 
familiarity with the field it is designed to 
cover. In effect, the work is a compact, 
systematic compendium of legal informa- 
tion, in ready-reference form, covering 
the principles of commercial law, as re- 
quired by the statutes of the different 
States. In it are explained Contracts, 
Sales, Contract Clauses, Warranties, Dam- 
ages, Liens, Guarantees, Notes, Checks, 
Bonds, etc. There are 140 legal forms for 
contracts, sales, notes, agreements, re- 
leases and the like; a full synopsis of the 
statutes covering conditional sales, chattel 
mortgages, and mechanics’ liens; a tabula- 
tion of collection laws; and_ statutory 
forms for acknowledgment for corpora- 
tions and individuals. ,It is clearly in- 
dexed and neatly bound, and is suitable 
for library, office or traveling purposes. 


Prorit MAKING IN SHop AND Factory 
MANAGEMENT. By Charles U. Car- 
penter. Cloth; 146 pages, 8'4x5%4 
inches. Published by The Engineer- 
ing Magazine, New York. Price, $2. 

The subject matter of this book, which 
appeared in The Engineering Magazine 
during the past year as a series of arti- 
cles, has been collected, revised, and in 
some parts enlarged, and is now presented 
as a fit volume for the works-management 
library. It is a concise statement of the 
method developed by the author and per- 

fected in the course of his experience as a 

supervisor and manager of various indus- 

tries in which he has held a controlling 
influence. The whole work is marked by 

a clearance of mind and singleness of pur- 

pose that goes directly to the root of 

things. It makes for success in industrial 
organization on twentieth-century lines. 

The work is divided into 14 chapters, run- 

ning from the reorganization of a run- 
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down concern to the effective organization 
in the executive department of an up-to- 
date manufacturing industry, covering 
nearly every detail, such as the selection 
of superintendents, foremen, reports from 
departments and men, designing and shop 
methods, cost sheets, standardization of 
labor and stimulating production. It is 
to be regretted that the work is not in- 
dexed, but even with this lack it will be 
interest by owners, works 


read with 


managers and foremen. 


ACCIDENTS—T HEIR CAUSES AND PREVEN- 
TION. A treatise of the Development 
of Care and Faithfulness to Aid the 
Safeguarding of Life and Property. 
By Thomas D. West. Published by 
the Competent Life Book Agency, 
Sharpsville, Penn. Paper; 95 pages, 
5x7% inches. Price, 25 cents. 

This little work by a _ well-known 
author and metallurgist gives a good deal 
of information on a subject which has 
thus far received but little attention. 

For many years the author has been 
calling attention to the need of greater 
care and faithfulness on the part of even 
skilled and experienced workers in the 
discharge of their duties, his contention 
being that the greatest safeguard against 
accidents is the development of habits of 
precaution by workers, particularly the 
young. More than eight hundred times 
as many are seriously injured or killed 
every year in industrial pursuits as were 
lost in the Spanish war, and this, Mr. 
West shows, is due to the lack of safe- 
guarding and care on the part of the 
people who are directly interested. 

The Collinwood school: holocaust, with 
its 160 victims, furnished only 10 per 
cent. of those who fill the ghastly record 
of that day’s quota of maimed and killed. 
Care and faithfulness in the discharge of 
duties, coupled with discipline and right 
thinking in methods of safeguarding life 
and property, are the salient features of 
the text. The work is well and forcibly 
written, abounds in terse epigrammatic 
sentences and closes with practical sug 
gestion for the formation of State and 
national anti-accident associations. 





Every man who authorizes or places ad 
vertising for a machinery house should 
read Emmerson P. Harris’ little booklet, 
“What Makes the Best Advertising Me 
dium.” It is written from the side of the 
advertiser and in his interest. It is well 
worth the price (50 cents) and may sav: 
$50 for every reading. It will be 
free to interested parties who address Mr 
Harris at 253 Broadway, New York City 


sent 





A recent compilation, covering six 
weeks, of accidents to boilers, elevators 
and fly-wheels in the United States gave 
a total of 32 persons killed or fatally 
wounded and 82 persons injured. Dur- 
ing that period six fly-wheels burst and 
20 boilers exploded. 
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Power Plant Machinery and Appliances 


Original 
No 


Descriptions 
Manufacturers’ 


of 
or 


Cuts 


Power 
Write-ups 


Devices 


Used 





MUST BE NEW OR 


The American-Ball Balanced 


Automatic Governor 





Herewith is illustrated a new type of 
ly-wheel governor, manufactured by the 











are embodied, one being the method of 
establishing a gravity balance, and the 
other the arrangement and relation of the 
A sec- 
ond arm is provided in the governor, as 
and 3, 


springs, of which there are two. 


shown in Figs. 2 which is so 
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INTERESTING 


the second arm B being so connected to 
the centrifugal governor that the gravity 
of one is always opposed by the gravity 
of the other at every position of the gov 
wheel. the 
force of the governing arm 


ernor By this arrangement 


centrifugal 
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American Company, of Bound 


Engine 
Brook, N. J., and with which the Ameri- 


can-Ball engines are now equipped. It is 
the outcome of re-designing the Ball bal- 
anced automatic governor. 

In the new type, Fig. 4, two features 





FIG. I. PARTS OF AMERICAN-BALL GOVERNOR 
pivoted that its center of gravity prac- 
tically coincides with the center of the 
shaft and therefore cannot develop centri- 
fugal force. The arm B is pivoted at the 
most desirable point for determining the 
path of motion of the valve-actuating pin; 





control of the spring governs 
the engine, and the disturbing gravitation 
of the arm is balanced by the opposing 
arm, which 


under the 


gravity of the second has 
practically no centrifugal force. 


Attention is especially directed to the 
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FIG, 2.) RIGHT-HAND 


arrangement of the double springs for the 
prevention of the troublesome swaying 
characteristic of a single spring, when 
used, due to the centrifugal force and 
gravitation. These springs are con- 
venient for slight adjustments for the dif- 
ference in speed at the several points of 
cut-off. Should the speed be unsteady 
under load, in most cases within limits 
slacking the radial spring C and_ tight- 
ening the spring /) reduces the speed 
under load, while the reverse adjustment 
increases it. To inerease the speed two 
or three revolutions, the nut /* is. tight 
ened. This method of speed adjustment 
is, of course, within limits, but it is a 
very convenient method, especially when 
several engines are to be adjusted to oper 
ate in parallel. 

To change the speed of the engine a 
considerable amount, add to or take from 
the weight in the arm /1. 

In Fig. 1 are shown the parts of which 
the governor is composed. It will be 
seen that the governor weight on the arm 
A is provided with a brass bushing G, 
in which three oil grooves are cut which 
permit of freely lubricating the steel gov- 
ernor weight-stud H. The arm «1 is con 
nected to the eccentric carrier arm B by 
means of the governor link J, which is 
fitted with a graphite bushing AK and held 
in place by the governor link-pin L. The 
eccentric carrier arm is fitted with a cast- 
iron bushing M, which is quite suitable, 
there being so little movement at this 





GOVERNOR 
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point that a bushing of special material 
is unnecessary. At the point O in the boss 
on the arm A, a tempered knife-edge 
P is inserted. Three notches are filed 
in the hole so that the knife-edge 
will fit snugly and not turn. On this 
knife-edge is suspended the governor- 
spring eye-bolt Fk, in the eye of which is 
fitted a piece of tempered tool steel at R’, 
which wears on the tempered knife-edge. 
This eye-bolt is threaded at the opposite 
end, over which is fitted the governor 
screw-spring clip Z, which is held in place 
by a nut and lock-nut. The springs C 
and D, Figs. 2 and 3, are screwed into 
the spring eyelet 7 at one end and the 
spring screw U at the other. 

The arm 4 has two lugs cast on it at 
I” and JI’, in which are fitted a piece of 
round fiber, which, coming in contact with 
the lug X on the governor wheel, fixes 
a limit to the movement of the arm 4. 

These governors are made for engines 
running over, unless ordered otherwise, 
although provisions have been made for 
permitting of changing to governors run- 
ning in the opposite direction. If, for 
instance, an engine were equipped with a 
right-hand governor so that it ran over 
and it was desired to operate the engine 
in the opposite direction, it would. .be 
necessary to drill holes for the arrange- 
ment of the proper pins and springs, as 
shown in Fig. 3. The position of the 
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governor would then become reversed 
and the engine would operate in the re 
versed direction. 





The ‘“ Sirocco” Fan 


The Sirocco Engineering Company, 138 
and 140 Cedar street, New York City, has 
sent us a partial list of American users of 
the “Sirocco” fan, as supplemental to our 
description of the fan in the April 28 
number. It is a long list, including some 
of the largest mining, railroad and in- 
dustrial companies. Among others are the 
Pennsylvania railroad, which has several 
installations, the New York Edison Com- 
pany, which has go “Sirocco” blowers, and 
the Westinghouse Company, which has 
purchased 8o-odd. 





* 


Crocker-Wheeler Belted Alternator 





The Crocker-Wheeler Company, Am- 
pere, N. J., is building a line of revolving- 
field alternating-current generators for 
belt drive in sizes ranging from 35 to 200 
kilovolt-amperes. The accompanying en- 
gravings illustrate the type. Fig. I is a 
view of a complete machine, and shows 
that it is literally self-contained. Fig. 2 
shows the field magnet of'a 60-cycle ma- 
chine of 100 kilovolt-amperes rating; the 
number of magnet poles. is eight and the 
speed is 900 revolutions per minute. 

The field-magnet hub and poles are cast 
in a single piece, of steel, and the pole- 
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FIG. 1. 


shoes are of forged steel bolted on the 
pole ends. 
per ribbon wound on edge, or of square 
copper, according to the size of the ma- 


The field winding is of cop- 


chine. Each coil is compressed and baked, 
after insulation, into a practically solid 
mass: it is held on the field-magnet pole 


by the pole-shoe. The slip rings to which 

















FIG, 4. GOVERNOR OF THE AMERICAN-BALL ENGINE 





SELF-CONTAINED REVOLVING-FIELD 


\LTERN ATOR 


the field-winding terminals are led are of 
cast iron and they are mounted one on 
each side of the magnet. The shaft ex- 
tends beyond the bearings at both ends; 
one end is fitted for the driving pulley and 
the other for a pulley to take the exciter 
belt. 

The stator, or stationary armature, is 
of the conventional slotted-core type, with 
the laminated structure set in a ventilated 
cast-iron housing, as indicated by Fig. 3. 
The armature winding consists of form- 
wound and individually insulated coils, as 
usual. 
with 
holding 


The core slots are straight-sided 
their for 
material 
which, when in place, make the core sur- 
face practically continuous, circularly, and 
thereby obviate the necessity for laminat- 


provision near openings 


wedges of magnetic 


ing the field-magnet pole-shoes. These 
wedges also serve to hold the armature 
coils in the slots. 

The journal boxes are set in the center 
of three-arm spider brackets which fit the 
circular edges of the armature housing. 
One of these is shown by Fig. 4. The 
boxes are of the usual ring-oiling type 
employed by the Crocker-Wheeler Com- 
pany. 

The brushes are of carbon, of the radial 
type, and the brush-holders are mounted 
on yokes attached by insulated studs to 
the bearing brackets. 

These machines are sent out with either 
of two forms of guaranty; the one apply- 
ing to conditions where the power factor 
of the load is high, as in the case of in- 
candescent lamps, and the other to low 
power factor conditions, as where motor 
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FIG. 2. 


service is contemplated. They are wound 
for two or three phases, 60 cycles and 


for all standard voltages from 240 to 2500. 





Interesting Exposition of Safety 
Devices 


Visitors to the Exposition of Safety De- 
vices, 239 West 39th street, New York 


FIELD MAGNET, COMPLETE 


City, find many features which are ex- 
ceedingly interesting. It is well worth 
cne’s time to inspect the various devices 
shown, which include features pertaining 
te steam engineering, railroading, shop 
practice and marine life-saving apparatus. 
Those who have not visited the exhibit 
should do so at once as it will be closed 
June 1. The doors are open free to the 
public from 10 a.m. to 6 p.m. daily, Sun- 
day excepted. 
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Business Items 


The Watson-Stillman Company has moved 
its New York office to the Iludson Terminal! 
buildings, 50 Church street. 

The C. H. Wheeler Manufacturing 
pany, removed New York 
the Engineering building, 114 Liberty street. 


Com- 
has its offices to 

To improve its facilities the Sargent Steam 
Meter Company has moved its office and lab 
oratory to 271 to 285 East 


Chicago, Ill. 


Madison street, 





Help Wanted 


Advertisements under this 
serted for 25 cents per line. 
make a line. 

WANTED—Agent to push high-class steam 
specialty in Buffalo, N. Y Inquire Vost 
Office Box 1754, Pittsburg, Pa. 

WANTED—tThoroughly competent 
specialty salesman; one that can sell 
grade goods. Address “M. M. Co.,”” POWER. 

AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago. 

WANTED—Salesman on commission for 
high grade power specialties. Address, stating 
experience, Chas. T. Luce Co., 160 Congress 
St., Boston, Mass. 

WANTED—Shift engineers for 2000-h.p. 
plant ; $3.00 per 12-hour shift; state age and 
experience; married man preferred. Address 
G. L. Fales, Chief Engineer, Tennessee Cop- 
per Company, Copperhill, Tenn. 


Situations Wanted 


Advertisements under this 
serted for 25 cents per line. 
make a line. 

DRAFTSMAN wants position; technical 
graduate; five years’ experience on Corliss 
engines, pumps, etc. P. O. Box 70, Ruston, La. 

SITUATION WANTED by man with eight 
years’ experience with ice and refrigerating 
machinery ; married, strictly temperate, best 
of references. Address 415 Blake St., St. 
Joseph, Mo. 

ENGINEER will pay $50.00 commission to 
anyone who secures or helps him secure a 
position as ergineer, assistant engineer or 
station man in Rocky mountains or West. 
Box 82, POWER. 

POSITION as chief engineer of gas power 

lant; have had seven years’ experience in 
nstalling and operating gas engine and pro- 
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POWER AND THE ENGINEER. 


ood as Fuel—Notable Wood Burning Plants 


Calorific Values of Woods; Best Kinds for Steam-plant Use; Furnace 
Requirements; Relative Worth of Mill Refuse; Modern Installations 





BY PROF. WILLIAM D. 


In these days of advancing prices for 
timber, depleted forest supplies and con- 
tinual agitation for the better cultivation 
of forest lands, it seems strange to speak 
of the use of wood as fuel. 
while open to economical objections, the 
practice of burning cut timber for power 
production is in some sections of the coun- 
try-still common. The utilization of the 
waste products of the lumber mills, to 
which economic considerations can inter- 
pose no possible objection, is becoming 
more and more common in all sections. 
The most direct and obvious method of 
such utilization is for generating steam. 

The use of coal dates back only a com- 
paratively few years. Even at so recent a 
period as that of the war of seces- 
sion, locomotives were generally wood- 


2 ee ee 


Nevertheless, 


r 





—: 


A TypicaL Fue Woop 
The Douglas fir of western Washington 
(often called the Oregon pine) may be 
taken as typical of the fuel woods. It has 
the highest heating value per pound of 


any wood commonly used for fuel.* 
The fir trees grow to enormous size, fre- 
quently exceeding 15 feet in diameter. 


for fuel, the logs are sawed in 
lengths, then split into 
f 30 to 7o pounds. In 


As cut 
4-foot 
weighing 


sections 
trom 
this shape they reach the fireman. A 
“cord’+ of these heavy blocks weighs as 
shipped about 3600 pounds, and the wood 
contains by analysis, about 25 per cent. of 


moisture. The specific gravity is about 


0.51. In the sap the wood is very much 
heavier, then having a_ specific gravity 
as high as o.& A sample of this wood 
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FIG. 4 


fired, the woodpile at the station being 
2s usual a feature of the equipment as 


the water tank. Then, as now, there 
was no exercise of skill on any gen- 
eral scale, aiming at economical com- 


What skill was evidenced be- 
came a lost art in the 
placed wood; and in the newer districts 


bustion. 
ast when coal re- 


of the West where wood is now burned 
there is no standard practice in handling 
or firing. Wood burning is usually as- 
sociated with low-grade plants. It in- 
volves arduous physical exertion and much 
discomfort. Plants burning wood are of- 
ten of low grade with regard to character 
and condition. For these reasons, the use 
is gradually decreasing, even 
where it is cheaper in proportion to its 
heating value than other fuels. 


f wood 
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AND SECTIONAL VIEWS OF WOOD 


after being stored in a warm dry room 


for eighteen months contained only 1.52 
per cent. of moisture. Its chemical com- 


positiont, reduced to a “dry” basis was: 


Carbon, 50.20 per cent.; hydrogen, 6.75 


per cent.; oxygen, 42.55 per cent.; ash, 
0.50 per cent.; total, 100 per cent. 

Based on the formula for calorific 
power, 


8080 C+ 34,462 (47 >), 


*Soft woods, generally, have higher calor- 
ific values than hard woods. Ture cellulose 


has a heating value of about 4200 calories. 
+The western Washington cord of 144 cubic 
feet. 
tPoole (“The Calorific Power of 
gives for thoroughly dry fuel wood, 
49; hydrogen, 6; oxygen, 44: ash, 1; 


Fuels”) 
carbon, 
and for 


an air-dried specimen, carbon, 30: hydrogen. 


>: oxygen. 35: 


ash. 1: water. 29 








REFUSE-BURNING PL 


ENNIS 


its heating value should be, per pound, 
0.42 
4050 + 34,462 (0.0675 _ ‘ = )= 


4050 + 492 = 4542 
calories, or 8166 B.t.u.* In tis commer 
cial condition, 25 per cent. dry, the wood 
should then have a heating value 25 per 
cent. less, or 6125 B.t.u. per pound, which 


must be decreased by the amount of heat 


necessary to evaporate the water con- 
tained. In each pound of wood there is 
14 pound of water. To raise the tem- 


perature of this water from an average of 
50 degrees Fahrenheit to the boiling point, 
then to evaporate it, and then to heat the 
steam to a flue-gas temperature of, say, 








500 degrees, requires approximately 300 
b.t.u. The net heating value of the wood 
is then 5825 B.t.u. per pound, or 21,000,000 
A ton of first-class East- 
28,000,000 


3.t.u. per cord, 
contains upward of 
that a 


equal in 


ern coal 
Douglas fir is 
value to a ton 


No. 3 buck 


>.t.u., so cord of 


abcut heating 


of a rather poor coal, say 


wheat. 

Dulong’s formula, above given, does not 
hold closely for fuels in which the oxygen 
and nitrogen together exceed 15 per cent., 
or the total volatile matter 20 per cent 
Other reasons, to be given below, indicate 
that in this particular case, the result is 
approximately correct. The necessity of 


*Poole quotes, from Gottlieb. the calorific 
power of fir at 9063 B.t.u. per pound. 
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using wood as dry as possible, if opera- 
tion is to be economical, is evident. 


Tue HEATING VALUE 

Actual tests show this heating value for 
the wood to be about correct. In one 
plant an evaporation of 14,844 pounds of 
water from and at 212 degrees was ob- 
tained per cord of wood. This was 
equivalent to an efficiency from fuel to 
steam of a little over 68 per cent., a rea- 
sonable figure for the plant in question. 
This was obtained with good wood, con- 
forming to the composition and properties 
given. With inferior wood, the heating 
value may be as much as 50 per cent. less. 
This is due to the presence of bark, rotten 
windfalls, wet hemlock, spruce and cot- 
tonwood, all inferior as fuel; but more 
than this, to unfair piling and measure- 
ment, sometimes so gross as to reduce 


the weight of a measured cord as low as 
2800 pounds. 


Thus in one test, the 





equivalent evaporation per cord of wood 
was only 12,930 pounds, which on the 
basis of 21,000,000 B.t.u. per cord would 
indicate a boiler efficiency of only 59 per 
cent. With split pine as fuel, a locomotive 
trial on the Northern Pacific Railway gave 
an evaporation of 1467 gallons of water 
(temperature 55 degrees) per cord of 
wood, or 13,300 pounds, corresponding to 
an equivalent evaporation of about 16,200 
pounds per cord. 

Confirmatory data as to the heating 
value of fuel wood is not lacking. For 
example, coal containing 7400 B.t.u. per 
pound and costing $1.50 per 2000 pounds, 
was found to be equally economical with 
wood at $2 per cord; whence the heating 
value of a cord of wood should be 


2000 X 7400 X = 19,700,000 


15 
B.t.u. A more careful trial, burning wood 
and coal under adjusted conditions, 


showed 1 cord of wood to be equal to 
1.1092 tons of coal containing 8439 B.t.u. 
per pound, whence the heating value of 
the wood is 


2000 * 8439 X I.1092 = 18,700,000 


B.t.u. per cord. These two figures are 
probably a little low, since the wood was 
not burned as economically as the coal. 


PERCENTAGE AND DISPOSITION OF ASH 


The percentage of ash in this fuel wood 
varies from 0.42 to 0.61, with reasonably 
good wood. The problem of ash disposal, 
with wood fuel, is insignificant. With an 
average percentage of 1%, ordinary 


an 
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small boiler furnace would deposit 2% 
pounds of ash per hour, or 360 pounds per 
week of six 24-hour days. In practice 
some of this ash must be carried up the 
stack, since little of it is recovered, and a 
weekly cleaning of the pits is all that is 
necessary, even under heavy forcing. 
Large proportions of bark increase the 
percentage of ash, while also decreasing 
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in a new country, tends to decrease. 
Washington coals have, however, been 
disappointing. The veins are. poor, the 
quality of the coal inferior and irregular, 
and many of the mines have not been well 
managed. Coal-firing has the advantage 
of requiring less labor, very much less, in 
fact, when handling machinery and me- 
chanical stokers are used. 
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the heating value of the combustible. 
Green spruce or cottonwood, often used 
as adulterants in the preparation of fuel 
wood, sometimes contain upward of 40 
per cent. of moisture. The price of fuel 
wood at coast terminals has during the 
past nine years increased ‘about 50 per 
cent., originally standing at a little over 
$1.50 per cord. Naturally, the price tends 
to continually increase, while that of coal, 








FURNACE REQUIREMENTS AND COMBUSTION 


Cord wood can be burned on an ordi- 
nary coal grate, but it is better to lower 
the grate bars a few inches in order to 
get room for the wood. Wood-firing is 
very hard work, and the wood cannot be 
supplied to the furnace continuously. This 
necessitates providing what might be con- 
sidered storage space for the fuel. With 
the exception of lowering the grates, it 
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is not necessary to make any change in 
the boiler setting, in replacing soft coal 
with wood. The decreased hight of the 
ash-pit has no bad effect, since clean wood 
contains only about % of 1 per cent. of 
ash. Furnaces can be run a week at a 
time without cleaning out the pits. Wet 
wood always gives poorer results. Pieces 
of crooked scrub oak and the like are 
usually small in diameter and are com- 
posed of whole sections of trees or of 
limbs of trees. This makes the percent- 
age of bark high. Bark is low in heating 
value and high in ash. The crookedness 
of the sticks prevents close piling and 
makes a strong, steady fire impossible 
with any reasonable amount of exertion 
from the fireman. Oak makes a hot, last- 
ing fire, and should give good results 
when used together with ordinary good 
fuel wood, especially if the fire is kept 
well poked down and compact. Wood re- 
quires less draft than coal, and more 
wood may be burned per square foot of 
grate surface than the equivalent in coal. 

This is true whether we consider an 
equivalent weight of coal or an equivalent 
heating value in coal. Commonly, how- 
ever, the grate area is not reduced, since 
it is desired, from an operating standpoint, 
to get all the room possible for the fuel 
in order to avoid the necessity of firing 
almost continuously. If, as is sometimes 
recommended, the fire-box is made espe- 
cially wide at the level of the fire doors, 
so as to get a maximum space for fuel 
while contracting the grate area, there 
arises some advantage, with a smaller 
grate area, for burning a stated amount 
of fuel, since the excess air supply may 
be more easily kept down. This involves 
a special: boiler setting. The tapered 
sides of the fire-box cannot be depended 
upon to compact the fuel to any great 
extent. A reduction in grate area from 
the standard ordinary width of fire-box 
at the fire-door level, would be bad, as it 
would decrease the fuel space. Wood re- 
quires much less air for combustion than 
coal. Chemically, wood is a fuel rich in 
oxygen, so rich that the hydrogen present 
is usually entirely in combination with 
oxygen as water. Even when this is not 
the case, the available hydrogen is very 
small in amount. When oxygen is in ex- 
cess of the amount necessary for com- 
bination with hydrogen, it serves itself as 
a supporter of combustion, thus decreas- 
ing the amount of air to be supplied. The 
heating value of the wood is therefore 
practically that of the carbon alone, and 
the necessary air is sometimes only half 
of that necessary to be supplied for an 
equivalent weight of coal. Since the heat- 
ing value of the wood is itself about half 
that of coal, the temperature of the fur- 
nace with wood and a properly controlled 
air supply is about the same as with coal. 


To Get Best RESULTS 


Of the heat generated by the wood, a por- 
tion is transmitted into steam in the 
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boiler, and another portion escapes at the 
stack. The amount of loss to the stack 
depends upon the temperature of the 
gases as they leave the boiler and the 
amount of these gases. The greater the 
amount of gas the greater the loss to the 
stack, and since the gas is made up of the 
fuel itself, plus the air supplied, any ex- 
cess of air supplied over that which is 
just necessary for combustion, results in a 
serious loss. The ash-pit door should be 
kept nearly closed at all times, and the 
air supply should be especially decreased 
just before firing when the wood on the 
grate has been pretty well burned down. 
The best results are obtained by carrying 
a very light draft, and entirely closing the 
ash-pit doors as the quality of the wood 
may permit. With very poor fuel it is 
sometimes difficult to get combustion with 
as low a draft as is desirable. The 
best way to burn low-grade fuel is to put 
it through a “hog,” and to use a mechani- 
cal system for firing the chips in a sep- 
arate combustion chamber. 


COMMERCIAL VALUE 


The waste products of the sawmills are 
usually considered to be far inferior in 











FIG. 3 


commercial value, as fuels, to the stan- 
dard fuel wood. In sawing logs, the cut- 
ting (except where quarter-sawed lumber 
is produced) is performed in one of two 
ways, illustrated in Fig. 1. The “slabs” 
A are sold for fuel, and as produced in 
the Puget sound region are so large as to 
be worth, cord for cord, about half as 
much as fuel wood, in spite of their high 
percentage of bark. The “edgings” B are 
of very little value, largely on account of 
the difficulty of firing them rapidly enough 
to keep up steam. Neither slabs nor edg- 
ings are popular. The serious competitors 
of fuel wood in the Northwest are the 
coal, previously referred to, fuel oil from 
California, and hydroelectric power. The 
water powers of this region are close to 
the coast, and have generally been de- 
veloped on a basis which admits of low 
rates for power. The Snoqualmie Falls 
transmission, for example, makes public 
quotation of rates as low as $30 per 
annum for 24-hour six-day service, per 
horse-power, in 2000-volt alternating cur- 
rent. This rate may be compared with 
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the costs of wood, coal and oil as follows: 

Wood, 21,000,000 B.t.u. per cord @ $2.50 
= 84,000 B.t.u. for 1 cent. 

Coal, 15,600,000 B.t.u. per ton@$2= 
78,000 B.t.u. for 1 cent. 

Oil, 148,000 B.t.u. per gallon @2 cents 
= 74,000 B.t.u. for 1 cent. 

It is fair to assume in a fairly good 
plant under working load a fuel consump- 
tion of from 40,000 to 50,000 B.t.u. per 
horse-power-hour. © Taking 45,000° B.t.u. 
as an average figure, then the cost of fuel 
per horse-power-hour is, with wood, 0.54 
cent; with coal, 0.58 cent; with oil, 0.61 
cent. Per year of 300 twenty-four-hour 
days, these costs are $38.80, $41.70 and 
$43.90, respectively. These costs are for 
fuel only; the total cost of generated 
power is from 50 to 100 per cent. greater. 
Few plants, however, carry full working 
load for 24 hours daily throughout the 
year; and the lower the load factor, the 
higher is the equivalent cost of power 
purchased from the hydroelectric com- 
pany on a flat-rate basis. Taking power 
from wood fuel, in plant. as 
costing 75 per cent. more than the actual 
fuel cost, the total cost per horse-power- 
hour is 0.945 cent. Water power costs 
as much as this, on a $30 flat rate, when 
the hours of service per year do not ex- 
ceed 3170, or when the load factor (based 
on 300 twenty-four-hour days) is as low 
as 44 per cent. It frequently is as low as 
this. Further, a 2000-volt alternating cur- 
rent is for most applications not a com- 
mercial current, so that a loss of from 
2 to 20 per cent. must be expected in 
transformation. Besides this, electric 
power produces no exhaust steam for 
heating, etc., requiring the maintenance of 
a separate steam plant which, in many in- 
stances, consumes from one-fourth to one- 
half as much fuel as would be required 
to provide for both power and heating re- 
quirements. Electric power is, therefore, 
far from being generally used. A fur- 
ther argument against its introduction in 
existing plants arises from the fact that, 
the equipment for power production hav- 
ing been paid for, the cost of power is 
made up of the costs of fuel and labor 
only, while the substitution of electricity 
would involve a new equipment invest- 
ment, with its accompanying burden of 
fixed charges. 

The situation with regard to fuel wood 
may therefore be summed up thus: It is 
still, in some sections, the cheapest fuel, 
but the price is steadily increasing and 
will soon become prohibitive. From an 
economical standpoint, this is fortunate, 
since the use of good timber for fuel can- 
not be regarded as other than wasteful. 


a good 


OnE Form oF WASTE 
A form of waste which fuel require- 
ments may yet extinguish is that of the 
by-products of woodworking establish- 
ments. In the large sawmills, power is 
furnished by using the mill dust, shavings, 
edgings, etc., as fuel. These cost nothing ; 
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there is always a surplus left after power 
has been provided; they are scarcely 
worth the expense of carting them away 
for use in other power plants. In the 
sawmills, the best engineer is the one who 
can burn the most fuel. The effect of 
this point of view upon the general char- 
acter of power equipment may be con- 
ceived. In spite of all that the engineer 
can do, a large surplus of mill 
burned in a 
simply to get rid of it. These 
are kept running day and_ night, 
feed the conveyers 
which carry the fuel to the top of the 
structure. In the wood-pulp mills, where 
only a small amount of bark, knots, etc., 
is produced, these are carefully used for 
fuel, and none of them wasted, since they 
are inadequate to produce all the steam 
The fuel in such mills is fed 
threugh openings in the tops of dutch 
ovens, by hand. There is no reason why, 
in lumber mills, the surplus fuel might 
not be sold to other producers, 
other than that its bulk and form render 
if too expensive to transport. A remedy 
would be for the large mills to install 
electric-generating plants, operated by re- 
fuse fuel, and to sell their 
neighbors. This practice has been un- 
popular, since sawmills generally operate 
intermittently, and power purchasers ob- 
ject to intermittent service. At Everett, 


refuse 
furnace, 
furnaces 


must be special 


men 


being employed to 


desired. 


steam 


power to 
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at the plant are furnished from a part of 
Two 
300-horse-power Heine boilers, each with 
an &x8-foot 


its refuse shavings and sawdust. 


used. 
A boiler pressure of 159 pounds is car- 
ried, with about 100 degrees of superheat. 
A Westinghouse-Parsons turbo-alternator 


dutch-oven grate, are 


set furnishes power for driving alternat- 
ing-current motors on each of the planers 
and saws. The ashes are removed from 
the pits once each month, when operating 
at normal load of about 209 boiler-horse- 
power for a 10-hour working day. The 
chute-feed for fuel is used only in emer- 
the only hand labor required 
under usual conditions being that neces- 


gencies, 


sary occasionally to spread the bank of 
shavings which forms against the bridge- 
wall. A strong draft is provided by a 
7x100-foot stack. When this plant was 


, 
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The circular refuse-burning furnace is. 
used, permitting of firing the fuel with 
very little labor. A conveyer carries the 
slabs, sawdust, edgings, shavings, etc., 
accumulating in the various woodwork- 
ing departments, to an elevated hopper 
over the Around the furnace 
stand 12 vertical-tubular boilers in a 

These are each 60 inches by 18 
The conical grate. 
The gases pass down around the boilers 
and up through the tubes to the short 
stacks. 

Still another plant, which has attracted 
ro little attention, is that at the works 
of the Mears-Slayton Lumber Company, 
Chicago, described in a recent paper by 
C. A. Tupper. Sawdust and shavings are 
burned, but arrangements are provided 
to screen out any surplus of the former. 


furnace. 


circle. 


feet. furnace has a 


4 


ee 


Wash., a blower equipment was installed 


2 


at the works of the Clark-Nickerson Lum- 
ber Company, which discharged chips and 
shavings through a pipe about 1000 feet 
long to the boiler room of the near-by 
flour mill. Here the shavings were deliv- 
ered to a bin, from which they were fed 
by gravity into the furnaces of two Stir- 
ling boilers. 


A Mopern EASTERN INSTALLATION 


An installation in the East which is 
typical of modern practice in refuse utili- 
zation is located at the lumber establish- 
ment of Cross, Austin & ITreland 
Company, at Brooklyn, designed by Rich- 
ard A. Wright, also of Brooklyn. The 
usual form of exhauster for shavings is 
This discharges to a “cyclone” and 
the fuel falls into the shavings bin. From 
the bin, feeding is either by gravity direct 
into the dutch a chute 
from which the fuel may be shoveled into 
the The 
the boilers holds 


the 


used. 


ovens, or down 
shavings vault over 
52,500 feet. In 
starting this installation, some trouble was 
experienced due to the lodging of fuel 
along the side walls of the furnaces. This 
was overcome by placing deflectors on the 
discharge nozzles to spread the fuel. The 
shavings weigh about 6% per 
cubic foot. They are mixed with a con- 
siderable quantity of sawdust, weighing 
about 11 pounds, the normal weight of the 
mixture being about 9 pounds per cubic 
foot. 

Such sawdust as cannot be burned. is 
sold. All of the power and steam used 


furnaces. 


cubic 


pounds 
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4. FURNACES FOR BURNING 


WOODWORKING 


REFUSE AT BRUNSWICK- 


BALKE-COLLENDER PLANT 


first started, some smoke was produced. 
This was remedied by an ingenious ar- 
rangement of the duct delivering fuel to 
the dust collector over the storage bins. 
As Fig. 3, the shunt 4 B 
installed, by-passing a portion of the ma- 
terial around the collector. The amount 
of fuel thus shunted is controlled by the 
damper C, which is operated by the chain 
pull D passing down to the boiler room. 
The intimate mixture of air and fuel re- 
sulting from this blast has 
served to entirely eliminate the smoke 
problem. The back dampers, as well as 
the fuel supply, are similarly controlled 
from the firing floor. 


shown in was 


auxiliary 


OTHER PLANTS. 

installation, that at 
Moran Brothers’ shipyard, in Seattle, was 
described in Power for November, 1907. 


A more elaborate 


The material is collected and brought to 
the power house by an 80-inch right-hand 
top vertical-discharge fan with a special 
long shavings wheel, driven by a 4o-horse- 
power motor. This has a capacity of 
24,000 cubic feet of air per minute at 850 
revolutions, with 3-ounce pressure. Pipes 
run to the floor for gathering sweepings. 
Refuse sold for kindling at a 
price somewhat above the fuel value for 
power purposes. 


wot vd is 


BRU NSWICK-BALKE-COLLENDER PLANT 

By far the most elaborate and interest- 
ing plant of the kind is that at the wood- 
working establishment of the Brunswick- 
Balke-Collender Company, at Long Island 
City, N. Y. This was designed by Walter 
Kidde, of New York City. The furnace is 
illustrated in the reproduction, Fig. 2, as 


well as in the photograph, Fig. 4. It is de- 
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signed to burn chips, sawdust and wood 
refuse. 
The 


horse-power 


installation consists of two 300 
3abcock & Wilcox boilers, 
each with an extension (dutch oven) fur- 
nace, 9 feet 6 inches wide and 7 feet long, 
with grates of the herring-bone type hav- 
The hight of 
the furnace above the grate to the center 
At the rear of the 

arch, projecting 
about 9 inches below the arched roof of 
the furnace, to the 


gases and effect more complete combus 


ing ™%-inch air openings. 


of the arch is 4 feet. 
furnace is a_ hanging 


which serves arrest 
tion and distribution of the hot gases in 
the furnace. The latter is lined completely 
with ordinary high-grade tire-brick, except- 
ing that a band 12 inches high around the 
grates and across the bridgewall is laid in 
fire-brick. The 
and door-jambs are laid up of this last 
mixture. 


a steel-mixture arches 
The chips, sawdust, ete., are 
delivered from the various woodworking 
through 
and are fed by separation from the dust 
collector over the boiler room. 
refuse the are delivered 
through furnace the tuyere 
openings in the furnace, as shown in the 
Be 


ends, 


machines an exhauster system, 
The fine 
shavings 
feeders 


and 
to 


elevation in the upper part of Fig. 2. 
sides the thus fed, 
blocks and strips of wood from the fac- 
tory are fed by hand into the furnace. A 
fire bed is maintained with 
coal. A direct control of air supply is 
afforded by means of a valve in the main 
feeder to the tuyeres. 
Both hard and soft 
at this plant. All 
sold as kindling. 
hard 


refuse short 


bituminous 


are worked 

sticks are 
The sawdust, whether 
soft 


wood 
hardwood 
from wood or wood, is also 
sold. the ot 
these two products pays two-thirds the 
coal bill. 


power and produces less combustible re- 


The proceeds from sale 


This plant, of course, uses more 


fuse than a lumber mill, and the average 
load of 500 horse-power is partially main 
tained by coal fuel. The coal consumed 
The refuse 
sold, in addition to that burned, amounts 


per year is about 2400 tons. 


‘to about 2200 pounds per day. The 
greater part of this is kiln dried. The 
dust collector over the boilers is so de- 


signed that sawdust may be removed and 
delivered by means of an auxiliary fan to 
a bin in the yard, from which shipments 
are made. 

The possibility of economically utilizing 
waste-wood products seems to be _ thor- 
ughly demonstrated by these and similar 
all sections of the country. 
There is no reason why shavings need be 


plants in 


disposed of by grinding to sawdust when 
they can be applied to steam generation 
it moderate expense and with practically 
no smoke difficulties. 





Somebody has said that the individual 
'¢ nation that does not advance from year 
vear will retrograde and end in de- 


truction. 
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Catechism of Electricity 


692. Jn case tt ts desired to vary the 
speed of a motor by changing the strength 
of the field. how is this arranged when 


a motor-starting rheostat such as the one 
just described is used. 


An adjustable resistance for varying the 

















FIG. 230. MOTOR-STARTING 
REGULATING RHEOSTAT IN © OPERA- 


TIVE”’ POSITION 


COMBINED AND 


current in the tield winding of the motor 
is connected in series with the no-voltag« 
both the 


circuit rheo 


magnet, and connected in 


shunt-tield 


are 
Motor-starting 
stats are made, however, in which the ad 
justable field resistance for speed varia- 
tion is contained in them. 

693. Show 
combined 


of these 


regulating 


and describe One 


motor-starting and 
rheostats. 


A Cutler-Hammer rheostat of this kind 





6) 











FIG. 231. COMBINED MOTOR-STARTING AND 
REGULATING RHEOSTAT IN 
“OFF POSITION 
is shown in Figs. 230 and 231, that in 
the second illustration showing the ap- 
paratus in the “off” position, and the for- 
mer in an “operative” position. The ob- 
jects sought in the design of the ap- 
paratus were the provision of a _ large 


number of regulating points, the elimina 











Soo 


tion of a possibility of starting the motor 


with a weakened field. 


The 


Starter 


apparatus consists of a motor 


similar to those previously shown, 
series of buttons a connected 


the 
and a lever c, 


and a to 


points in field-regulating resistance, 


mounted on the same hub 


post s as the starter lever #, and cooper 


ating therewith. The motor is started and 
brought to speed by moving the handle ¢ 
to the right, this handle being attached to 
the field-regulating lever ¢c, which is me 
chanically connected to the starter lever it 
so that both cand # are moved as one piece 
in starting the motor. During this operation 
of starting, the tield-regulating resistance ts 
short-circuited by an = auxiliary contact 
mounted on the starter lever and a curved 
located 


rheostat 


below the armature 


When the 


have been moved to the position in which 


sector just 


contacts two levers 

















= 
FIG, 232. MOTOR-STARTING RHEOSTAT FOR 
MOUNTING ON THE BACK OF A 
SWITCHBOARD PANEI 
all resistance is cut out of the armature 
circuit, the iron strip / on the. starter 


lever is attracted by the retaining magnet 


c, and the starter lever is held in the 
position shown in Fig. 230. At this time 
the auxiliary contact above referred to 


has left the curved sector, thus removing 
the short-circuit from the field resistances 


The field lever c is now free for mov: 


ment back over the field rheostat buttons 
a at the will of the operator, and may b 
left 
motor desired. 
should 


at any point, to give the speed of the 
If the retaining magnet e 
be de-energized cither by failure 
of voltage or by operation of the overload 
release device ¢, the starter lever will be 
released and return to the starting posi 
tion, carrying the field-rheostat lever. 

694. 
mounted on a switchboard? 


How are motor-starting rheostats 


They are usually mounted at the lower 
part of the panel that the 
hand-wheel is about 40 inches above the 


sO knob 


or 


floor. If self-contained, they may be 
mounted entirely on the front of th 
panel; otherwise, the rheostat box 1s 


mounted on the back, with the hand-wheel 


rod projecting through the marble so that 
the hand-wheel can be operated from the 
In such a cz the rheostat is con- 


front. ise, 


structed as shown in 


| ig 2322 
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The Capacity of Pipes for Conveying Steam 


Principles Underlying Flow of Steam in Pipes, with Charts from Which 
May Be Read the Capacity with Given Pressure Drop, or Vice-versa 





B Y 


The importance of each of the various 
pipe links between the steam boilers and 
the transforming machinery, and thence 
to the atmosphere or condenser, warrants 
careful design, selection of materials and 
erection, if economical and _ satisfactory 
results are to be obtained in service. 

Many installations of steam-pipe lines 
have been altogether out of proportion to 
the required service and the valves, fit- 
tings and non-conducting coverings have 
not been adapted to the work required. 

Condensation, drainage and the effects 
of the forces of steam flow have not been 
sufficiently weighed. The first costs have 
been too high and the annual charges, in- 
cluding operation, repairs and heat losses, 
have been higher than would result from 
a well-balanced installation. 

To secure the best results in erected 
steam-pipe lines, it is necessary to give 
due weight to the sizes of pipe, to their 
convenient arrangement, to the forces in- 
volved, to the selection of the non-con- 
ducting covering and to other construc- 
tive material. As steam pressures have 
been increased and superheat introduced, 
each of the factors involved in the instal- 
lation of pipe lines has received more 
careful and intelligent consideration. 

In this article it is intended to discuss 
the principles underlying the flow of 
steam in pipes, and from these principles 
to derive and graphically represent the 
relations of the sizes of pipe to pounds of 
steam delivered per minute, corresponding 
drop in pressure and other factors. 


FLow oF STEAM IN PIPES 


The principles which underlie the flow 
of steam in pipe lines directly involve the 
forces acting to rupture these lines by ex- 
pansion and contraction, static and dy- 
namic pressures and wear by erosion. 
With a given weight of steam to be de- 
livered, the size of the pipe line will de- 
pend largely upon whether the rate of 
flow is uniform or varying. When the 
rate of flow is constant or varying slowly, 
the problem requires different treatment 
from that required if the rate of flow is 
rapidly fluctuating. 

It is desirable to design the steam 
pipes to provide for an average steam 
flow, or as nearly such a flow as the con- 
ditions will permit. The length of the 
pipe line is an important factor in this 
connection. 

In order that fhe size of the pipe may 
be a minimum for intermittent service, re- 


_* 


oe 


ceivers of varying sizes have been placed 
next to the engine. This is illustrated 
most decidedly in large rolling-mill and 
hoisting-plant practice, and is applicable 
to many electric-railway plants. 

Pipes have been assumed of the proper 
size when the velocity of the steam does 
not exceed a certain number of feet per 
minute. Since steam is compressible, the 
velocity is varying throughout the pipe and 
in transmitting a given weight through a 
given pipe the higher the terminal pres- 
sure the higher the density; the less the 
velocity the less the drop in pressure. 
Therefore, the use of an assumed velo- 
city of flow may lead to considerable error 
in the selection of pipe. 

The question may more properly be ap- 





SICKLE S§S 


ings. The condensation does not usually 
affect the drop in pressure. 


EXPANSION 


Steam energy may be said to exist in 
the boiler in a stored or potential form, 
and when it is permitted to flow in a pipe, 
a change takes place which transforms 
a portion of this potential energy into 
kinetic energy. 

This change is taking place from sec- 
tion A to section B of the pipe P, Fig. 2, 
where the steam is represented as flowing 
from A toward B. The pressure pi at A 
is greater than the pressure p:2 at B, there- 
fore the steam has expanded into a larger 
volume per unit of weight at B than at 
A, and as the weight of steam flowing 








Flow 











| 
t 
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Lb --— 


mL et 


FIG. 2 


proached from a standpoint which may 
be stated as follows: With a desired 
weight of steam to be uniformly delivered 
per minute, through a given length of 
pipe, with a given initial steam pressure 
and allowable drop; required, the proper 
diameter of and velocity of flow through 
the pipe to be selected. 

A method* of arriving at such'a solu- 
tion has been previously discussed and 
will be reviewed and enlarged upon in 
this article. 


CoNDENSATION 


The exposure of the flowing steam to 
the inner pipe surface causes a heat trans- 
fer from the steam to the pipe metal, 
thence to the surrounding atmosphere 
from the bare pipe or through the pipe 
covering. 

This loss of heat from dry and satur- 
ated steam, with resulting condensation, 
may be reduced by suitable pipe cover- 





*See “Experiments On Flow of Steam 
Through Pipes.”” By Prof. R. C. Carpenter 
and E. C. Sickles. Trans. A. S. M. E., Vol. 
120, p. 342. 


through any cross-section A is considered 
equal to the weight flowing through B, 
and the cross-sectional area of the pipe is 
considered constant, a volume of steam 
of length L at A will be expanded into a 
length 1 + / at B, and the velocity of the 
steam at B must be proportionately higher 
than that at A, as a constant weight of 
flow per minute is passing both sections, 

There is a loss in head or drop in pres- 
sure due to change in velocity of the mass 
of moving steam. This loss of pressure 
head due to accelerating a given weight 
of steam from the boiler to the flow in 
the pipe is usually negligible in com- 
parison with the friction head. 

The fundamental expression for velocity 
and head or drop is 


V* =2 gh, (1) 
where 
V = Feet per second, 
£ = 32.2, 
h= Drop in feet, and 
(= =. i (2) 
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But 





(3) 
where 


— Pressure in pounds per square inch, 
and 
D = Density in pounds per cubic foot of 
steam. 
By substitution in (3) the value of h 


in (2) 





ie D 
= ( 
p 64.4 144 4) 
But 
w 
- Fee 
where 


V = Cubic feet flowing per second, and 
qw — Pounds of flow per second. 





Again, 
a om 
— See 576 V 
V= =<" oe (5) 


where d = inside diameter of the pipe ex- 
pressed in inches. 
By the substitution of 
w 
D ’ 
6 w 
yo 97 ' 
«xd* D 
Substituting the value of (6) in (4) 
gives 


V= 


(6) 





_ 576 X 576. w? 
p= 64.4 m4 dt —?2 * 144 i ( ) 
7 
3.62 w? 
a*#D’ 


the final form desired. 


As an example of drop due to initial 
velocity change at the pipe entrance, let 
a 2000-kilowatt turbo-unit suddenly de- 
mand on an overload of 50 per cent., 
and a steam consumption rate of 18 
pounds per kilowatt-hour, 15 pounds of 
steam per second, at a boiler pressure of 
181 pounds absolute and corresponding 
density, D = 0.400. 

Then the initial entrance drop of head 
from the boiler to the pipe will be, ac- 
cording to (7), 

__ 3.62 X 225 
ina d*xo4- 


If d=8 inches, then 
62 X 22 
= 3 5 


~~ 4096 X 0.4 
pounds drop. 


= 0.49 


The approximate velocity 
minute = 
15 60 
x 
0.4 0.347 
feet per minute. 


in feet per 





= 0.6483 


This shows that the entrance drop is 
small for any velocity of approximately 
6500 feet per minute. 
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GRAVITY 


When the pipe line raises or lowers 
from the horizontal, a loss or gain in 
pressure results due to gravity. These 
changes of pressure are negligible as a 
factor in determining the size of steam 
pipes. 

FRICTION 

When steam issues from the boiler out- 
let and begins passage along a pipe line 
P, Fig. 1, it does not flow at the same 
velocity in any cross-section, but upon any 
diameter, as d, the velocity may be repre- 
sented as a maximum Il’; along the longi- 
tudinal diameter of the pipe and diminish- 
irg due to frictional resistance to a lower 
velocity 2 near the surface of the pipe. 
Thus the steam flowing in the center of 
line not only moves forward along the 
pipe but turns toward the circumferential 
surface of the pipe by contact with other 
particles of steam. 

This rubbing of the steam on the pipe 
surface causes friction and a drop in 
steam pressure. 

Since friction of the pipe causes prac- 
tically all the drop in pressure it is im- 
portant to secure a reliable and conven- 
ient expression for this drop. 

The most 


satisfactory 


expression for 














= 
a 
—— 
a 
SEEEEEEEEEEEneiant 
> 
FIG. I 
loss of pressure is one reduced from 


Weisbash by Unwin. In accordance with 

this formula the frictional work may be 

expressed for a length of pipe L as 
V2 


2 





= in lg (8) 


where 


h= Drop in pressure in feet, 

f = Coefficient of friction, 

V’ = Velocity in feet per second, 
= 32.2, 

d= Diameter of pipe in feet, 
lL = Length of pipe in feet. 


The value of f as determined from va- 
rious data and experiments may be quite 
approximately expressed as 


: 7) 
tod] 

The value of K, with dry and saturated 
or superheated steam, which with our 
present experimental* information is se- 
lected as satisfactory, is 0.0027. 

Then 


pak (r+ 





f= 0 0027 (: aa 3, ). 


*See “Experiments on Flow of Steam In 
Pipes.” Trans. A. S. M. E., Vol. 20, p. 355. 
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Let p= drop in pressure in pounds per 
square inch, and D the density in pounds 
per cubic foot of steam; then, as in equa- 
tion (3), by substitution, 





ers ae 
a : (8) 
. gd LK (1+ 35) 


By transposition : 


ct ie 4 3 
72g¢a (: + Ay}. (9) 


Let w'= flow in pounds of steam per 
minute and d’ equal diameter of pipe in 
inches; then 


p= 


a. —_— 
7 60 D ° xd? 

_ 9.6 wt 

xn Dd'*4° 


a 


wi 
15” Dd 








(10) 


———-¢7 


Substituting in (9): 


i 2 K 12 
p= (96 DL Kw ( 


6ga° Din 





I > 
“Sa” (: oF 


for K = 0.0027 





p = 0.000131 (: + 


3.6 
d} 





2 
= 0.000131 (: ao ) Yebt 





v? DL (1+ 2°) 
= —-=— haa) 


-Ddad> 
w = 87.45 jie (15) 


3.6 
| (14) 7 | 


= 0.000000003882 





w?L 
d = 0.184 >D (16) 
{ pd Rend 
V = 16,033 J 3.6 \ >»(17) 
| DI (14-5 ) 


where 
p = Pressure in pounds per square inch, 
zw — Weight of 
minute, 


steam flowing per 

d= Diameter of pipe in inches, 

lL. = Length of pipe in feet, 

D = Density of steam in pounds pet 
cubic foot, 

lV’ = Volume of steam in cubic feet. 


Based on the above expressions values 
have been plotted, divided into three 
groups, by which the various factors in- 
volved may be readily determined for 
steam pressures from 90 pounds absolute 
to 200 pounds absolute. 

The first group, as plotted on page 811, 
represents values for tI-inch to 3-inch 
pipe, inclusive; the second group, page 812. 
for 3-inch to g-inch pipe; the third group, 
page 813, for 9-inch to 24-inch pipe. 














May 26, 1908. 


The drop corresponds to a length of 
pipe of 100 feet, since the drop in pres- 
sure is proportional directly to the length, 
the drop for any length is found by mul- 
tiplying by the length required and divid- 
ing by I00. 

As an example of the 
charts : convey 25 
pounds of steam per minute at 150 pounds 
absolute 125 feet with an approximate 
drop of 2 pounds, since the charts are 
made for lengths of 100 feet, the drop 
allowed per 100 feet is 


use of these 


If it is required to 


100 
I22 





X 2=< 1.6 


pounds. Referring to the chart on page 811 
and 25 pounds of steam’ per minute, and 
following the dotted line vertically until 
the 150 pounds absolute line is reached, 
thence horizontally to the 2-inch pipe line, 
thence downward to the 2-inch pipe curve, 
and backward horizontally to the 150 ab- 














FIG. I. 


VIEW OF ONE OF 


TRACKS 


THE DUMPING 


solute pressure scale of pressure drop, we 
tind a drop of approximately 3.8 of the 


small dimensions, each equal to 0.48 
pound; therefore, the drop equals 

3.8 X 0.48 = 1.80 
pounds, a little under the lmit of two 


pounds drop. 

These charts apply to the range of usual 
good steam practice, and it is hoped they 
may prove useful in solving problems re- 
lating to the steam-pipe sizes for the pres- 


f 


ures considered. 
Loss or HEAD IN VALVES AND ELBows 


or all practical purposes the drop in 


Ives and elbows may be conveniently 
xpressed in L feet of pipe as equal to a 
nstant, times the nominal diameter d of 
pipe in inches. For go-degree elbows, 
(in feet) = 4o d, for globe valves L 
feet) = 60 d; for gate valves the 
drop is negligible. 


(in 








POWER AND THE ENGINEER. 


A Cinder Hoist 


By ErHAN VIALL 
The Wabash railroad recently 
pleted a cinder hoist at Decatur, IIl., for 
use in disposing of the ashes and cinders 


com- 














FIG. 2. THE CINDER-HOIST FRAME 


The 
system is principally the design of W. A. 
Hopkins, electrical engineer for the Waz- 
bash, at Decatur, and has several unique 
features, some of which might profitably 
be used in power-plant work. 

Briefly, the system is this: The engine 
to be emptied of ashes is run out on a 
track having a sloping chute under it, 
leading to a ditch. When the ashes and 


dumped from engines in the yards. 
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THE CLAM-SHELL SHOVEL 


cinders are dumped they slide down this 
slope into the ditch and from there are 


scooped up by means of a_ clam-shell 


shovel operated by electricity and de- 
posited in a coal-car on an adjoining 
track. Fig. 1 gives a view of one of the 


dumping tracks and also shows the clam- 
shell shovel just ready to be emptied. 
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There are two dumping tracks, one on 
side of the hoist. The hoist itself 
runs on a track of its own, long enough 
to fill two the movement on the 
track being obtained through the shaft, 
shown at the side of the frame in Fig. 2, 
this shaft moving the wheels on the track 
through bevel gears, and is driven from 
the motor above. All the movements are 
electrically operated and are under the 
control of a man in the cage 
upper part of Fig. 2. The 


each 


cars, 


shown in the 
cage is sur- 


rounded by canvas to keep out the sun 
and wind. This cut also shows the 
shovel descending into the ditch. 

Fig. 3 shows the shovel resting over 


the ends of two coal-cars and gives an 
idea of its size. Fig. 4 is a view of the 
the hoist taken 
from one used in the roundhouse, the only 


mechanism of and was 
difference being that in this one a hook is 
used in place of a shovel. 

















MECHANISM OF CINDER HOIST 


FIG. 4. 


The 
its annual meeting, April 30, elected the 
following officers to serve during the en- 
suing year: President, C. S. Redfield, ad 
vertising manager, Yale & Towne Manu 


Technical Publicity Association at 


facturing Company, New York; first vice- 
president, Rodman Gilder, publicity man 
ager, Crocker-Wheeler Company, Ampere, 
N. J.; second vice-president, C. N. Man- 
fred, manager advertising department, H. 
W. Johns-Manville Company, New York; 
secretary, H. H. 
ment, A. S. Cameron Steam Pump Works, 
New York; M. 
vertising manager, Sprague Electric Com- 
New York ° 


committee, F. H. Gale, charge of advertis- 


Kress, publicity depart- 


treasurer, H. Davis, ad 


pany, members of executive 
ing, General Electric Company, Schenec- 
tady, New York; and C. W. 
cial representative, Yale & 
facturing Company, New York. 


Seaver, spe- 
Towne Manu 
Twenty 
new members have joined the association 
since the last annual meeting 
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Inaccuracies in Report of 
Compressor Tests 





By Louis BLock 





The De La Vergne Machine Company, 
and the York Manufacturing Company, 
have published results of the Rochester 
test rather sooner than prudence would 
dictate. The results of the De La 
Vergne machine test are not accurate, 
and will finally show slightly more favor- 
ably. 

The results of the York test, as pub- 
lished on page 678 of the April 28 number 


of Power, were obtained without all 
the data at hand. The York com- 
pany figured the results in its own 
way, arbitrarily assuming a_ tempera- 


ture of the liquid ammonia which has 
no justification in fact. The company 
credited itself with a certain allowance 
because of the difference of temperatures 
of the gas as it left the cooler, and as 
it entered the compressors, and all this 
without the consent of the other interested 
parties. 

When these results were forwarded for 
publication the York company was not 
in possession of the steam _ indicator- 
spring calibrations, and at the date of this 
writing: the company does not know the 
specific: heat of the calcium brine which 
was circulated at the test of its com- 
pressors. 

If the figured results of the York tests 
only had been published, no one might 
have objected, but results of the De La 
Vergne tests, figured by York methods 
and without. waiting for the meeting of 
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ceiver in the engine house. It is probably 
known that the lower part of the De La 
Vergne Machine Company’s liquid re- 
ceiver serves as a separator of oil and 
ainmonia, and may have contained oil 
which, when the receiver was emptied, 
was transferred to the cooler. As a mat- 
ter of fact, the cooler was pumped out 
and drained after the De La Vergne test, 
and only a pint of oil was obtained out 
of an 8o-ton cooler. 

It was stated that the test could not be 
run at a higher back pressure than given, 
because the cooler was impregnated with 
oil, but it was not stated that the York 
compressors had been operating upon the 
cooler for five days in succession previous 
to the sixth test, that an average of I gal- 
lon of oil was pumped into the compres- 
sors every day, and that all the oil which 
did not leak out of the stuffing-boxes 
must have gone into the condensers and 
finally into the cooler. It should be 
known that the viscosity of a liquid base 
at high temperatures is so low that a 
separation from the gas at the discharge 
temperatures, as they existed during the 
test, is practically impossible. 

That the De La Vergne company re- 
constructed the compressors of their make 
of machine, might be called “overstating 
the case.” What the company did do was 
to put in upper discharge valves of a kind 
which have been used in their machines 
since 1892; the lower discharge valves 
and the suction valves were the same as 
have been in operation for 17 years, and, 
it might be mentioned, the seats were of 
the same width as they had been all along. 
The pistons, piston packing-rings and 
piston valves were never touched. 
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equal in both cases, the De La Vergne 
company was entitled to a suction pipe 
and suction inlet of 234 inches diameter. 
In reality the suction pipe is only 2% 
inches and the suction inlet into the com- 
pressors and ports is only equal to the 
area of a 2-inch pipe. 

It might also be mentioned that the suc- 
tion inlet into the York compressors was 
at the side where the main suction line en- 
tered the engine house; and the York 
company had the advantage, owing to this 
circumstance, of four fewer elbows in its 
suction connections than were necessary 
in the suction connection to the De La 
Vergne compressors. 

If it is desirable to go into extraneous 
matter, it might also have been mentioned 
with propriety that the tests of the De La 
Vergne compressors and the York com- 
pressors were not run under the same 
conditions, -and that when the De La 
Vergne Machine Company demanded an- 
other day’s run, under the conditions ob- 
taining during the test of the York com- 
pressors, the York company objected and 
the demand was refused. 

It should be stated that the author has 
no interest in the York company or the 
De La Vergne company, but represented 
the latter company during the tests as 
consulting engineer, and it is simply his 
wish to correct misleading statements. 





Effect of Vacuum on Turbines and 
Reciprocating Engines 


In a good quadruple reciprocating en- 
gine the steam is expanded down to a 
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published, - This meeting will take place made, because a new suction line, which solute and gains in economy as_ the 


as soon as all the data and all calibrations 
are at hand, and then only can the final 
results be ascertained from the average 
of all the indicator cards taken. 

In the report it was stated that the 
cooler was very foul at the beginning of 
the test; it was not mentioned that the 
De La Vergne Machine Company, owing 
to the scarcity of liquid ammonia in the 
plant on the first day of the test, was 
compelled to empty entirely the liquid re- 


entered the engine room at the discharge 
side of the De La Vergne compressors, 
was furnished by the Eastman company. 
The new suction connection was made of 
2%-inch pipe. The York suction connec- 
tion was 3'%-inch pipe. 

The De La Vergne compressors are 
11% inches in diameter, and the York 
compressors are I5 inches in diameter. If 
the proportion of area of suction pipe and 
suction inlet to compressor area had been 


vacuum is increased up to about 25 or 
26 inches, whereas in a turbine it is pos- 
sible to deal economically with a very 
low-pressure steam, and to expand this 


low-pressure steam to a low absolute 
pressure corresponding to the _ highest 
vacuum obtainable in turbine practice 


The accompanying diagrams show the ef- 
fect of vacuum upon steam consumption, 
a result of tests carried out on a 
reciprocating engine and steam turbine, 


as 
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respectively, from which it will be noted 
that while the curve for the reciprocat- 
ing engine gives the minimum consump- 
tion at between 25 and 26 inches vacuum, 
the curve for the turbine continues to 
fall as the vacuum increases. 





A Few Points in Large Gas Engine 


Practice 





By JAMES ASHBURNER 





A problem which has been difficult to 
solve in gas-engine practice is the pro- 
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are of the opinion that with late ignition 
a higher expansion line is obtained on 
the diagram, and that the power is not 
reduced for that reason. Experiments, 
however, have shown that the maximum 
power is obtained by the vertical ex- 
plosion line, the extra pressure thus ob- 
tained during the early part of the 
stroke more than making up for the 
lower expansion curve later in the stroke. 
It is found necessary at light loads and 
working with a weak mixture to advance 
ignition more than at full loads if best 
results are to be obtained, in order to 


compensate for the slower combustion of 
the charge in the cylinder. 





50-HORSE-POWER LOW-PRESSURE TURBINE (FOR ATMOSPHERIC PRESSURE) DESIGNED IN 1889 


duction of a good metallic packing, the 
demands upon it being that it must not 
unduly wear the rods, break or become 
corroded, and of such a form as to ac- 
commodate itself to any motion of the 


rod at right angles to its axis. It must 
also be of such a character as to be 
easily accessible for cleaning. Gas- 


engine rod packings are made of cast 
iron, brass, white metal or gun metal. 
None of these metals gives perfect satis- 
faction; cast iron causes undue wear on 
the rod, but on the other hand it will 
stand the heat well; brass containing cop- 
per rapidly corrodes if the products of 
combustion are permitted reach it, 
while white metal wears away rapidly, 
will not stand the heat and is very easily 
broken. Probably, on the whole cast 
iron has been found to give the best sat- 
isfaction of any metal for this purpose, 
but it is necessary that it should be soft 
and the rings made from it should be 
given but very slight spring on the rods. 
The most satisfactory form in which to 
make rings is rectangular in section, and 
they should by an L- 
shaped soft ring made to fit accurately 
inside the packing box. 

Timing the ignition is a very important 
factor in the operation of a gas engine, 
if economy is to be taken into considera- 
tion, and means for altering the timing 
of ignition while the engine is running 
should be provided. It is the practice of 


to 


be surrounded 


some engineers to set the ignition too 
late, because of the idea that the lower 
maximum pressure and slower combus- 
tion will produce smoother running and 
reduce wear and tear. 


Other engineers 


PRE-IGNITION 

Pre-ignition is one of the most per- 
sistent troubles which users of large 
units have to contend with. In engines 
having cylinders two feet or more in di- 
ameter pre-ignition will occur about every 
two or three hours, under the most favor- 
able conditions. When the conditions are 
unfavorable, however, pre-ignition may 
occur every two or three revolutions, and 
this may occur at most any point of the 
compression stroke. 

Pre-ignition may be caused by fresh 
gas being pumped into the cylinder be- 
fore the hot exhaust from the previous 
explosion has been expelled, and the igni- 
tion of the fresh charge takes place by 
its contact with the hot exhaust gas. 
Pre-ignition can also be caused by firing 
past the rings from side of the 
piston to the other if the rings are in bad 
order. 

Two-stroke-cycle engines are subject to 
this trouble because the compression 
takes place on one side of the piston 
while combustion is going on at the other, 
and the compression charge is liable to 
leak past the rings and become ignited 
at the other side of the piston. If this 
occurs the flame travels back and causes 
a premature explosion of the charge. 

The method usually pursued in the case 
of large gas engines for utilizing the heat 
carried away by the exhaust is by means 
of a steam boiler. The steam generator 
can be used for supplying gas producers, 
heating, and for running small engines 
and other similar purposes. 

The exhaust from any engine will gen- 
erate enough steam for producing all the 


one 
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gas the engine requires, and if properly 
utilized, the producer will not require a 
separate boiler. 

A difficulty which is encountered in 
using producer gas in gas engines is that 
occasioned by the presence of tar, which 
if not entirely eliminated from the gas 
will cause the gas valve and mixing cham- 
ber of a four-stroke-cycle engine or the 
gas piston valve to become thickly coated 
with tar. Even when the gas has been 
thoroughly cleansed from tar, there will 
be a deposit in a gaseous form. While 
the engine is making its suction stroke 
the pressure behind the gas regulating 
valve will fall considerably below the 
atmospheric temperature, and especially 
so if the engine is running on a light load 
and the gas supply throttled. As the 
pressure falls, the temperature accord- 
ingly drops and some of the gasified tar 
condenses and is deposited on the valve. 
This deposit of tar on the valve in the case- 
of a four-stroke-cycle engine will cause it 
to stick open, as the valve is usually 
closed by a fairly light spring. If this 
happens, a series of explosions in the air 
valve results, which, however, are com- 
paratively harmless. In order to free 
valves which are stuck up with tar, 2a 
remedy is found in tar oil, which will 
usually effect the remedy. 





An Early Double Flow Turbine 


In a paper recently presented to an 
English society, Hon. C. A. Parsons al- 
ludes to the form of double-How turbine 
shown in the accompanying engraving. 
“In 1880,” he says, “the first condensing 
turbine of about 100 horse-power was de- 
signed for an expansion ratio of 100 by 
volume, the expansion being effected in 
two turbines of the double parallel-flow 
type; the low-pressure turbine shown in 
the engraving taking steam from the ex- 
haust of the high-pressure at atmospheric 
pressure and expanding it down to one 
pound, absolute. The striking feature 
presented by this design was the very 
high estimated efficiency of this low-pres- 
sure portion. A separate low-pressure 
turbine was not, however, accurately con- 
structed until some years later.” 

Notice that the steam enters at the ends 
and unites in a common exhaust at the 
center instead of entering at the center 
and flowing both ways to separate ex- 
hausts, as in the Westinghouse double- 
flow turbine. 





Instruction on the construction and 
operation of the turbine engine has been 
added to the course of the Stuyvesant 
high school in New York City. A turbine 
eugine has been installed, in operation be- 
side an engine of the reciprocating type. 
The turbine generates electricity as well 
as serving for demonstration purposes. 
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Draining of Steam and Water Pipes 


Practical Illustrations of Simple Methods of Making Connections 
in Order to Avoid Pocketing, Water Hammer and Freezing 





B Y 


There are steam plants where steam is 
not kept up during the night, and in cold 
weather the pipes, if not properly drained, 
are liable to freeze, causing trouble and 
worry in the morning. Then again, in 
some plants steam and water pipes are 
run into the factory or outside of the 
building from the engine or boiler room, 

















FIG. I 


and as there is no steam in the steam 
coils to keep the factory warm during the 
night, the steam and water pipes are 
liable to freeze due to lack of sufficient 
drainage. 

It is the writer’s idea to give some ex- 
amples of frozen steam and water pipes, 

















FIG, 2 


showing how it was remedied, and sug- 
gesting a way to arrange steam and 
water pipes which have to be drained 
during the night in cold weather in order 
to prevent them from freezing. 


Pipes Usep ror HEATING WATER 


Fig. 1 shows a steam pipe which runs 
from the boiler to the factory for heat- 


H. A. 






















ing water, and as the factory is not heated 
at night during cold weather, this steam 
pipe has to be drained at shutting-down 
time to prevent freezing. The valve a 
in the factory was opened wide, then the 
valve b in the boiler room was closed 








Boiler 
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quickly, which plan worked all right as 
long as the valve b did not leak. But 
this valve started to leak one night, and 
the whole pipe was frozen the next 
morning. To make sure that this would 
rot occur again, the pipe was arranged 
as shown in Fig. 2. After the valve a 
is opened and b closed, the valve c is also 




















FIG. 5 


closed, while the valve d is opened to pre- 
vent any steam or water from going into 
the pipe leading into the factory, should 
the valve D leak. 

Fig. 3 shows the steam pipe leading 
from the boilers to the wash basin of a 
four-story building and used for heating 
the wash water for the employees at 
quitting time. In order to drain this pipe 












May 26, 1908. 


Sunday, or when there is, no steam in 
the heating coils during cold weather, the 
valve a at the boilers is closed, while the 
valve in each story is opened; then the 
drain valve b is opened to prevent any 
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are drained out of the water column the 
cock a should be opened, when the water 
will drain out of the pipe between the 
steam gage and the water column. 


FrozEN HEATING PIPEs 


At one time I had charge of a steam 
plant when the building was heated with 
live steam, and I used occasionally to 
have trouble in the morning with some of 
the steam pipes in the factory becoming 




















FIG. 6 


steam or water from going into the pipe 
leading upward. 


VALVES IN WatTER COLUMNS 


Some engineers are not in favor of 
having valves in the water-column con- 
nections. I would like to ask them what 
they would do if they had charge of a 
steam plant which operated only during 
the day, no steam being kept up during 
the night and Sundays in cold weather, 
when there is danger of the water col- 
umns and fittings freezing. Where there 
are valves in the water-column connec- 
tions in a plant of this type the water 
column can be drained by closing the 
valves a and b, as shown in Fig. 4, and 
opening the drain valve c. As the water 
in the pipe between valves a and b and 
the boiler will stay warm 
time, due to the heat from 


for a long 
boiler and 


From Engine 
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Pocket where Water collected. A ee 


FIG. 7 


brickwork, there is not much danger of 
these pipes freezing during the night. 

In some plants it is also necessary to 
drain the pipe between the water column 
and steam gage, and cannot be 
done with a coil-pipe siphon, due to the 
water not draining out of the coil, I find 
it a good plan to connect up the gage 
is shown in Fig. 5. 


as this 


This is also an ex- 
cellent plan to use where a steam gage is 
ip too high and it is desired to bring the 
gage down. 


After the water and steam 


the valve in the boiler 
room leaking, or perhaps it was not closed 


tightly. this 


frozen, due to 


In order to do with 


away 











In Factory 





FIG. 8 


trouble I arranged the piping as shown in 


Fig. 6. At night the drain valve a was 
opened wide, then the valves b and c were 
closed, while the valve d was opened. 


The valve d and the pipe were for the 
purpose of draining any water should the 
valve b start to leak. This arrangement 
took more valves but it paid in the long 
run. 

In another case the building was heated 
with exhaust steam and the piping was 
arranged as shown in Fig. 7. One morn- 
ing I got notice that some of these coils 
would not gét hot. Upon examining the 
coils I found that the return pipe was 
frozen from the end of the coils to the 
sewer, due to one of the employees throw- 
ing something on the return pipe so it 
formed a pocket for the water to collect 
in, as shown in Fig. 7, at A. To prevent 
the pipe from cracking the steam was 
shut off as soon as possible, then the re- 
turn pipe was taken apart in about the 
middle of its length and thawed to ‘the 
ends of the steam coils, while the other 
length of pipe was thawed from the sewer 


to where the pipe was taken apart. Then 
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the two ends of the pipe were connected 
together again with a union. If the thaw- 
ing of the return pipe had been from the 
end of the coils toward the sewer the ex- 
pansion of the ice would have cracked the 
pipe. 








“Drain to Sewer 







In Factory 


\ From Water Heater 
in Boiler Room 


TrouBLes witH WatTeER Pipes 





Where a water pipe runs from the boiler 
or engine room to the factory, or out- 
side, and it is necessary to drain this pipe 
at night during cold 
should be arranged 
shown in Fig. 8. 


weather, the pipe 
like that 
Here, at night, when the 
shut off, the valve a is 
closed, while the valve b is opened wide 


somewhat 
water is to be 


Then the air cock c is opened to admit air 
into the pipe, when all the water will 
drain out. 

The above calls to mind an experience 
I had some years ago with a frozen water 
pipe, which was due to lack of sufficient 
drainage. The pipe in question was used 
the factory a 
long distance from the engine room, and 
as the building was not 


for furnishing water to 


heated during 
the night the pipe used to freeze. I was 
asked how the pipe should be arranged so 
it would drain properly to avoid freezing. 
Fig. 9 shows how the pipe was arranged. 
| advised them to cut the pipe at the valve 


a and put in a tee, then a short nipple 
and run a pipe from 
Now, at night, 


the 
valve to the sewer. 


with 
this 


valve d, 

















when the pipe is to be drained, the valve 


a in the boiler room is closed and the 
valve b in the factory opened wide; then 
the drain valve c in the boiler room is 


opened wide, when all water will drain 
out of the pipe. 


DRAINING FEED-PUMPS 


Fig. 10 shows how I have arranged the 
piping on one of my boiler feed-pumps so 
the pump and pipes can be drained during 
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cold weather when not in use. The pump 
receives the water under pressure from 
the city main and forces the water 
through a closed feed-water heater into 
the boiler. When it becomes necessary to 
drain the pipe and pump, the valve a at 
the water meter is closed, while the air 
cock b is opened to admit air into the 
pipe; then the valve c is opened wide, 


i] Steam Pipe 











when the water will drain all out of the 
pipe to the sewer. The drain cocks on the 
bottom of the water cylinder are opened 
to drain the cylinder. To drain the dis- 
charge pipe, the valve d is closed and the 
air cock ¢ is opened. 

Fig. 11 shows the steam end of this 
pump. The steam pipe is drained by clos- 
ing the valve a and opening the valve b, 
and the exhaust pipe is drained by clos- 
ing the valve c and opening the valve d 
and the drain cocks on the bottom of the 
steam cylinder. 
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of all the water at this time. To get the 
pipes hot in a shorter time, the return 
pipe was cut at a, Fig. 12, and a tee and 
valve put in. From this valve a pipe was 
run to the sewer. This valve was opened 
mornings for a short time to drain the 
water out of the return pipe, after the 
engine was started, then after the coils 
were hot this valve was closed, when the 
pump took care of the return. The valve 
and pipe were also used for draining the 
water out of the return pipe at night, 
should there be no steam in the coils dur- 
ing the night, and there was danger of the 
pipes freezing. With the valve left open, 
all the water would drain out. 





A Year’s Experience with Gas 
Power 





By J. C. MILter 


Prospective buyers of power apparatus 
are sure to ask two questions when gas 
power is urged upon them—one of them 
relates to its reliability, and this is being 
answered daily in many ways; the other 
relates to operating costs and charges, 
and this question finds too few answers. 
The salesman recites what his catalog 
says, blindly in many cases, and quotes 
costs so low as to be incredible. 

The writer presents herewith the re- 
sults. of a year’s operation of a suction 
gas-power plant, loading the installation 
with fixed charges in a way that will 
satisfy any business man who thinks of 
interest, depreciation, etc., as important 
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BASEMENT STEAM COILS 


Fig. 12°: shows part of the steam .coils 
in the basement of a large building heated 
with exhaust steam from the engine. The 
returns were pumped out of these coils, 
back into the feed-water heater; by a 
small steam pump located in the engine 
room. It used to take a long time for 
the coils in the basement to get hot, on 
account of water in the pipes, as the pump 
in the engine room could not take care 
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—— 


Return Pipe From Other Boiler 
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elements in power cost. The engine un- 
der consideration was a_ single-cylinder 
horizontal, of 50 brake horse-power, of 
the hit-and-miss type, belted to a line 
shaft. It drew its gas from a suction 
producer in which pea anthracite was 
used. The plant was of English manu- 
facture, was well designed and _ con- 
structed, having ample weight to with- 
stand all the stresses that an explosive 
engine has heaped upon it. 
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The producer was equipped with the 
usual vaporizing apparatus for supplying 
steam to the blast and the usual coke 
scrubber and expansion box. 

EXPENSE ACCOUNT OF 50 BRAKE 
HORSE-POWER SUCTION PRO- 
DUCER-GAS PLANT. 

Cost of plant. installed........... $3300.00 


FIXED CHARGES. 
Paterest at © OF CONt. <i. iccsciccn 
Depreciation, repairs, taxes, in- 
surance, 12 Per CONE... 26.0606 8s 


$198.00 
396.00 


$594.00 








OPERATING CHARGES. 





Engineer at $2 daily, 300 days.... $600.00 
G7% tons coal at $4.50. .... ccc 304.87 
. eo ee ee a 48.00 
SEY UNS nhc eee Sod ee ere ec 12.00 
$964.87 
Totel yearly CROPS. ..« 0.0.6 6<2. $1558.87 
Cost per horse-power-year of 3000 
hours, assuming an average rate . 
of 5O horee-powe?......... 00006. $31.17 


The repairs of the year were relatively 
small, consisting of new grate-bars in the 
producer, new coke in the scrubber, the 
old coke being burned, and small repairs 
to the connecting-rod and ignition equip- 
ment; the total cost was less than ten 
dollars. 

In the fixed charges given below, 12 


-_per cent. has been allowed for deprecia- 


tion, repairs, insurance and taxes, and 
while the sum of these charges did not 
reach this figure it is at least to the 
credit of the plant that it can carry it, and 
future experience may prove it reasonable. 

The cooling water was used. over and 
over, so no charge is made for this item. 

In the item of attendance the entire 
salary of the engineer was charged up, 
although he had ample time for other 
work, but little of his time being needed 
with the producer and engine after the 
plant was in operation. 

The coal used came from the Scranton 
district and cost $4.50 per ton in the bin. 

Brake tests were made on the engine 
and they showed over 50 horse-power; 
the engine was later overloaded to almost 
the stalling point, so no doubt can exist 
as to the average load being at least full 
rating. In fact, the engine was always 
overloaded. 

The coal consumption averaged 441 
pounds per working day, including standby 
lesses, which were low, so that it can 
safely be put at a pound of coal per 
brake horse-power. 

It is my conviction that only hydraulic 
power can surpass the present showing 
for economy in small units. The cost as 
shown corresponds with electric power 
delivered to customers at one and one- 
third cents per kilowatt-hour, which is 
much below the lowest commercial rate 
to consumers of corresponding magnitude. 





It is stated that results of tests of 
superheaters on the Canadian Pacific Rail- 
road, extending for a period of about six 
months, show that a saving of from 10 
to 15. per cent. is realized in freight ser- 
vice and 15 to 20 per cent. in passenger 
service over engines using saturated steam. 
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Thermodynamics of Pressure Drop or Throttling 


An Explanation, Which It Will Repay Any Engineer to Master, of 
What Takes Place Whenever the Steam is Throttled or Wire-drawn 
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In his discussion of the specific heat of 
superheated steam, in the February 25 
number of Power, Prof. S. A. Reeve 
claimed that the method used by Knob- 
lauch and Jakob in working up their re- 
sults was erroneous. Starting with the 
same experimental data, and making 
what he called a “parallel” calculation, he 
arrived at values from I per cent. to 14 
per cent. lower than those given by the 
experimenters. The writer, in a letter 
which was published in the March 24 
number, expressed doubt as to the possi- 
bility of getting any such divergent re- 























FIG, I 


sults by a correct line of reasoning, at the 
same time giving a very brief descrip- 
tion of the work of Knoblauch and 
Jakob, both in experiment and in calcula- 
tion. Correspondence with Professor 
Reeve has elicited a statement and defense 
of the method which he used in finding 
the effect of pressure drop, or throttling; 
but his argument is based upon such a 
complete misconception of this important 
phase of the operation that a presentation 
of the correct idea seems appropriate and 
desirable. 


EXPERIMENTS OF KNOBLAUCH AND JAKOB 

The concrete case in point is repre- 
sented by Fig. 1, which outlines the 
calorimetric heater used in the experi- 
ments referred to. A length of about 16 
feet of 3%-inch copper tube was formed 
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into a coil as shown, with suitable ther- 
mometer cups and gage connections at 
entrance and at exit. 
mersed in a bath of high-test oil, which 
had its boiling point at about 800 degrees 


This coil was im- 


Fahrenheit, and the oil was heated by 
an electrical resistance coil located within 
the pipe coil. Details of this heating de- 
vice, as also of the arrangements for stir- 
ring the oil and for minimizing radiation, 
are beside the present purpose. 

The steam current came from a pre- 
liminary electrical heater, entering the coil 
shown in Fig. 1 at a temperature #,, which 
ranged from 265 to 640 degrees Fahren- 
heit, or was from 15 to 370 degrees above 
the temperature of saturated steam of the 
same pressure. In the coil the steam was 
raised from fi to fz, the increase being 
from 50 to 140 degrees. The highest 
value of ts was in the neighborhood of 
700 degrees Fahrenheit for all the dif- 
ferent pressures at which experiments 
were made. These pressures were four, 
namely, 2, 4, 6 and 8 kilograms per 
square centimeter, or 28.4, 56.8, 85.3 and 
113.8 pounds per square inch, all absolute 
or above vacuum. After leaving the coil 
the steam was condensed and weighed. 

The rate of steam flow was from 40 to 
150 pounds per hour, with the mean of 
these extreme values as the prevailing 
rate. Even with this small flow there was 
some drop in pressure, from /f: at entrance 
to p2 at exit, on account of the “friction” 
of the pipe walls. In the worst case, p: 
was 29.7 and p2 27.7 
and it was in correcting for this drop of 
two pounds that Professor Reeve made 
the specific heat 0.402, instead of the 
0.470 originally published (see his Table 
4, on page 292, test No. 2). 


pounds absolute; 


CoMBINED THROTTLING AND HEATING 


One way of representing, in exact ther- 
modynamic ‘terms, the action which takes 
place within the pipe coil of Fig. 1 is 
illustrated in Fig. 2. This is a pressure- 
volume diagram, with horizontal and ver- 
tical distances or coordinates, measured 
from the reference lines OP and OV, 
having the same meaning as on the ordi- 
nary indicator diagram. The initial state 
of the steam at pressure p: and with tem- 
perature f; is represented by the point 4, 
the final state at p2 and ft. by B. The 
gradual change of condition is shown by 
the line A B, which represents a combina- 
tion of the change due to heating with 
that due to fall in pressure. The whole 
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AB 
solved into these two parts for purposes 
of discussion; thus the same effect could 
be got by first dropping the steam from 
p. to pe through an ordinary “expansion” 
along a curve like 4 C, and then heating 
it at really constant pressure from C to B 
The equivalent resolution AD plus DB 
would lead to the same state at B. 

This diagram, which 
exhibits the mechanical side of a thermo 


operation can be separated or re 


pressure-v«¢ lume 


dynamic operation, is very unsatisfactory 
when purely thermal action predominates 
in amount and interest. For such a case 
a much more complete representation is 
made by the entropy-temperature method 
The diagram which in this system corre 
sponds with Fig. 2 is shown in Fig. 3 


Tue Entropy TEMPERATURE DIAGRAM 


To get a firm grasp of the idea of en 


tropy, and especially to pursue its re 
moter ramifications, is by no means any 
easy task. For all 
however, the 


nition is enough. 


practical 
mathematical defi 
In the ordinary me 


purposes, 
simple 
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FIG. 2 


chanical diagram, the area which stands 
for work is the product of two factors or 
two dimensions—either force and distance 
or pressure and volume. To represent 
heat energy in a similar fashion, we make 
temperature (absolute) the one factor, 
find the other factor by division, and call 
this other factor entropy. The heat is 
measured and diagrammed as it enters 
(or leaves) the expansive substance which 


is the working medium for thermody- 
namic effect. 

In Fig. 3, entropy is the horizontal 
measurement, or the “abscissa,” tempera- 
ture is the vertical ordinate. The base 


line ON is at the absolute zero of tem- 
perature, but the temperatures are not 
here shown in full proportion, because the 
figure is much shortened vertically, to 
save space. 


The initial point M of the 
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curves, on the ordinate O 7, is at the tem- 
perature of melting ice, 32 degrees 
Fahrenheit or 492 degrees absolute 
Fahrenheit. 

The first step in the operation of mak- 
ing steam is to raise the water to the 


ane 
P, = 2 
A a B 
y ee a 


FIG. 4 




















boiling point ¢t. In Fig. 3 this process is 
represented by the curve MG; and the 
area MGPO, under the curve and be- 
tween the limiting ordinates, is equivalent 
to the water heat g. The width or entropy 
value OP could be found approximately 
through the division of the heat quan- 
tity q by the average of the temperatures 
at M and G: to get it exactly we must 
have a correct formula for g in terms of 
t, and make a mathematical integration. 

The next step is the evaporation of the 
under the constant pressure p 
which corresponds to the temperature f. 
With constant pressure, the temperature 
is also constant, hence the “curve” is a 
horizontal straight line G E. The heat im- 
parted being the latent heat r, and the 
absolute temperature being T= t-+ 460, 
the entropy of evaporation is 


water, 


The value of the water entropy “, or 
OP, and of the steam entropy J, or 
PQ, will be found in any complete steam 
table. The curve EF, the limit of any 
operation of complete evaporation such as 
MGE or MHF, is-called the saturation 
curve. 

Superheating, as carried out in the ordi- 
nary steam plant, is also a constant-pres- 
sure operation, but one in which tempera- 
ture rises as heat is supplied. The super- 
heat curve EA is of the same general 
form as MG, and to get it we must know 
the variable specific heat of superheated 
steam when heated under constant pres- 
sure, or the heat needed to 
raise one pound of steam one degree at 
any temperature. 

Now the total heat that must be im- 
parted to one pound of water, originally 
at 32 degrees, in order to change it to 
superheated steam at the point A, in either 
Fig. 2 or Fig. 3, is represented graphically 
by the area MG EARO in Fig. 3—the 
whole operation having been carried out 
under the pressure pi. 
formed at a lower pressure p2 and raised 
to a higher temperature at B, the heat re- 
quired would be the area MHFBSO. 
The difference between these heat quanti- 
ties is what is intended to be measured in 


amount of 


If the steam were 
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experiments such as those of Knoblauch 
and Jakob. The curves marked 4 B, on 
Figs. 2 and 3, represent the same opera- 
tion. 

The error of which Professor Reeve 
published the results in the February 25 


number consisted in taking the area 
ABSR as the difference between the 
total heats, and disregarding the area 


GEABFH. To get at the full meaning 
of this latter area we must analyze the 
passage of the steam from 4 to B, after 
the manner suggested under Fig. 2. This 
brings us to the subject which furnishes 
the title of this paper, or to the relation 
between throttling and heat supply. 


THROTTLING AND THERMAL ACTION 


The physical conditions of the problem 
are set forth in Fig. 4. The large vessel 
or pipe A contains steam at the pressure 
p:, which is slowly flowing in the direc- 
tion of the arrow; in the similar large 
chamber B the pressure has a lower value 
pz; and we may assume that suitable pro- 
vision is made for keeping the two pres- 
Between A and B is the 
pipe or nozzle P, here shown as properly 


sures constant. 


formed to accommodate the operation of 
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can be quite nearly realized in practice, 
the expansion of the steam in the nozzle 
will be adiabatic, following the curve A B 
on Fig. 5; and the energy imparted to the 
jet will be represented by the area 
GABH. A clear proof of this proposi- 
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tion will be found in the March 24 num- 
ber, page 467, in the report of Professor 
Reeve’s discussion of Doctor Steinmetz’ 
paper before the American Society of 
Mechanical Engineers. At the mouth of 
the nozzle P the steam current will have 
the high velocity necessary to a kinetic 
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Further, in order to elimi- 
outside influences, we that 
the walls of the chambers and nozzle are 
of a material which not 
conduct heat. 

Under these conditions, which in effect 


jet formation. 
nate assume 


will absorb or 


3 


energy equal to the thermodynamic energ) 
imparted. 
ably placed in front of the nozzle, th 
greater part of this kinetic energy could 
be mechanically abstracted and turned to 
useful effect. Without such abstraction, 


If a turbine wheel were sult 


May 26, 1908. 


the jet energy is all presently changed 
back to heat as the current comes to rest, 
or down to the slow rate of progressive 
flow in the chamber B. In detail, the 
change from kinetic energy to heat takes 
place through the dissipation of velocity 
in eddies and whirls. 

Now the effect of this transformation of 
mechanical energy back to heat is just 
equal to that which would be produced by 
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is on the saturation curve, corresponding 
with E on Fig. 3. The vertical straight 
line 4 B shows the adiabatic expansion in 
the nozzle—the line being vertical be- 
cause no heat is added or abstracted, and 
hence constant. The 


entropy is energy 








the addition of the same amount of heat 
from without: that is, steam which at the 
mouth of the nozzle has the condition B 
is heated at constant pressure, along BC, 
until it reaches the state C. Since there 
is thus finally in the steam at C the same 
total energy, and of the same kind, as at 
B, these two points lie on a curve of re- 
lation (not a curve of operation) which 
is called the curve of constant total heat. 


* i 


c/ 








put into the jet, in the mechanical form, 
is equal to the heat area HGAB. The 
effect of the re-conversion of this energy 
to the thermal form is the evaporation of 
moisture out to D, then superheating at 
constant pressure up to C—that is, the 
area BDC QP is added to MH BPO. 
For a throttling which begins at a super- 
heated and is carried out wholly 
above the limit of saturation, the diagram 


state 




















FIG, 


Here again the entropy-temperature dia- 
gram is really much more serviceable than 
the pressure-volume diagram. In Fig. 6 
is illustrated the particular case where the 
steam entering the nozzle of Fig. 4 is dry 


nd saturated. Then the starting point 4 


18) 


From the con- 
stancy of the total energy in the steam 
during the operation, it follows that in 
Fig. 6 the area BDC OP must be equal 
to GA BH; and in Fig. 7 the area under 
BC must be equal to GEABF H. 


is as shown in Fig. 7. 


$23 


The practical application of the opera- 
tion represented in Fig. 6, the case where 
it is the principal action sought instead of 
being an undesired secondary effect, is in 
the ordinary throttling calorimeter for de- 
termining the quality of steam. With a 








sample of wet steam, the point 4 is moved 
a little to the left. The limit of utility of 
the calorimeter is reached when the pro 
portion of moisture is large enough to 
bring C down to D, or when the 
stant-heat curve 4 C just crosses the satu- 


con 


ration curve at the lower limit of pres 
sure, 

In Figs. 4 to 8 is illustrated the simplest 
possible throttling, when 
sidered from the point of view of exact 
thermodynamic With a 
plain orifice instead of the well designed 
rozzle, the process curve would not quite 
follow the outline ABDC on Fig. 6 or 
ABC on Fig. 7; and the effect of friction 
in nozzle or in 


case of con- 


representation. 


orifice 
modify the curve from 
3ut no matter how 


would also be to 
the ideal 
the intermediate de 
tail is changed, the same final state C 
will be reached, as long as no heat is re 


form 


ceived from or given to any external 


body. 


STAGE AND CONTINUOUS 


THROTTLING 


MULTIPLE 


In the language of the steam turbine, 
the operation just described is a single- 
If it is 
divided into a number of stages or steps, 


stage expansion or pressure drop. 


as by a series of orifices in successive 
partition walls, the result will be repre 
sented by the saw-tooth line from A to C 
in Fig. 8, where each downward vertical 
element is an adiabatic expansion with 
the development of velocity and each up- 
ward slanting elcment shows constant- 
All 


of the crest points lie on the constant-heat 
curve AC. 


pressure heating as velocity is’ lost. 


It is now only a short step to the case 
where the 


heat process is continuous. One actual ex- 


heat-to-mechanical-energy-to- 
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ample is flow along a pipe, with a gradual 
pressure drop due to the resistance of the 
pipe walls; another, and one which has 
been largely used in experiment, is ex- 
pansion through a porous plug instead of 
an orifice or a series of orifices. With 
such a continuous expansion the curve 
AC becomes a curve of operation instead 
of a mere curve of relation; but the fact 
must be clearly borne in mind that the 
heat which it shows as imparted to the 
substance (by the area under the curve) 





eZ 











FIG. Q 


is not heat from without, but energy that 
was already in the substance at A and 
has merely gone through an_ internal 
transformation. 


THE .CurRVE OF CoNSTANT HEAT 


A most important fact which we have 
developed about the constant-heat curve, 
and one which will bear restatement, is 
that the area under this curve, dC QP 
in Fig. 8 (down to absolute zero), is 
equal to the area between the constant- 
pressure curves AM and CN. With 
steam the latter area is limited at the left 
by the curve of water heating. With a 
“perfect gas,” which could follow the law 
pu=CT clear down to zero, the curves 
AM and CN would not meet until they 
got to infinity, but the area between them 
would still have a definite value. Further, 
for a_ single-stage throttling the area 
ABC, Fig. 6, 7 or 8, is not included in 
the heat transformed. With continuous 
throttling it is so included, and it then 
represents energy which twice goes 
through the transformation process. 

It may be of interest to note that the 
curve AC is not the isodynamic curve 
generally discussed in works on thermo- 
dynamics, since that shows a relation in 
which the internal or intrinsic energy of 
the substance remains constant. The con- 
stant total heat shown by curve 4C in- 
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cludes the external energy pv, and im- 
plies the storage of this energy in poten- 
tial form by an expansion from zero vol- 
ume under constant pressure. _ 

The gist of the preceding description 


and discussion of throttling, especially in. 


connection with the experiments which 
have given occasion for it, is continued 
in the following statements: 

The work done in moving the current 
of steam is all done at the expense of its 
available energy, that is,.of the portion 
of its total heat content which is available 
for transformation into mechanical work. 
Going back to Figs. 6 and 7 (and assum- 
ing continuous throttling along AC), we 
see that to take out the energy GACH 
is equivalent to “skimming the cream” 
from the top of the thermal diagram. 

The work done against the resistances 
to movement is all changed back at once 
to heat, and at the end of the operation 
the steam contains the same total thermal 
energy as at the start. 

The available energy is less, however, 
because most of the heat under AC is 
now below the inferior temperature limit 
of a possible heat-engine cycle. 

It may be of interest to say something 
about the shape of this throttling curve 
or constant-heat curve 4C. With steam 
it slants downward toward the right at a 
rate which decreases with increasing en- 





> 














FIG. 10 


tropy; that is, it tends to become horizon- 
tal as we get away from the saturation 
limit. With a so-called perfect gas, it 
would be horizontal, or at the end of a 
throttled flow from a high-pressure to a 
low-pressure space the temperature would 
be the same as at the beginning. The 
classic porous-plug experiments of Joule 
and Thomson (Lord Kelvin) showed that 
for all the ordinary gases except hydrogen 
there was some temperature drop accom- 





panying the pressure drop; and this was 
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much greater for an easily liquefied gas 
like CO. than for air or its constituents. 
Hydrogen, which is the hardest to liquefy 
of all the gases, actually showed a small 
rise of temperature in most of the experi- 
ments. 


THROTTLING Plus Heat AppITION 


We are now ready to discuss, with full 
understanding, the experiments on super- 
heated steam in which pressure drop and 
heat addition are simultaneous. As much 











FIG. II 


as is needed of the entropy-temperature 
diagram is given in Fig. 9, where the 
initial and final points A and B are on 
two constant-pressure lines, as in Fig. 3. 
To separate the two components of the 
operation A B, we resolve it into a throt- 
tling action A C and a heating at constant 
pressure C B. At A the temperature is 
t;, at B it is tz; and since throttling alone 
would cause a drop of temperature from 
A to C, its effect is to increase the range 
through which the steam must be raised 
by the heat supplied, changing it from the 
vertical hight between A and B to that 
between C and B. Then the area under 
CB is equal to the heat supplied, while 
that under AC is heat which was in the 
steam at 4 and has merely gone through 
an internal transformation. 

The method used by Professor Reeve 
is illustrated in Fig. 10. Claiming that 
the total area under the curve 4 B repre- 
sents the heat supplied from without (the 
electrically measured heat of the experi- 
ment) he uses a simple expedient for get- 
ting the portion of this area that is due 
to change from fp: to fp» Drawing the 
horizontal (constant-temperature or iso- 
thermal) line S$ T at mid-range, he re- 
places A B by its equivalent as a boundary 
line ASTB. It is comparatively easy 
to calculate the heat under S T that would 
have to be supplied in order to maintain 
an isothermal expansion from fp: to p:, 
if this really were a restrained expansion, 
as against a piston, with external work 
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done by the steam and energy going out 


of it. The error consists in failure to 
recognize that a throttling action, pure 
and simple, is truly adiabatic in that it in- 
volves no external interchange of heat. 
But while throttling may, as to its final re- 
sult, be called an adiabatic operation, we 
must remember that in detail it is far 
more complex than the simple no-heat- 
transfer expansion, at constant entropy, 
to which the name adiabatic is generally 
applied. The distinction can be clearly 
expressed by saying that the constant-en- 
tropy condition gives a_ heat-adiabatic 
operation, while with constant total heat 
the operation is energy-adiabatic. - 

Returning to Fig. 9, we have the prob- 
lem of finding the temperature drop due 
to throttling, or the heat under CD. 
With nothing known in the field of super- 
heat except that the specific heat cp is 
not constant, the approximate method 
used by Knoblauch and Jakob may be ex- 
plained as follows: 

In Fig. 11, carry the constant-pressure 
curves down to the saturation line. From 
E draw another constant-heat curve EG. 
This will slant downward from E more 
rapidly than does AC from A; and, fur- 
ther, the specific heat is greater near sat- 
uration than farther out. For both rea- 
sons the heat under GH, which we will 
call hon, will be greater than that under 
CD, or hen; but the difference between 
pi and ps is in these experiments so small 
that the error involved in assuming Ac p 
equal to /ea is insignificant. If the value 
of ¢p over the range FH were known, 
hvu could be found. Since E and F are 
on the saturation curve, the difference in 
the total heat out to these points, which 
is also Ara, has the value 


hvg = 0.305 (481 — fez). (1) 


In terms of the unknown ¢,, and let- 
ting the symbol stand for the mean speci- 
fic heat over this range, the heat under 
F H is 


Avni = Cp(ls1 — fs2) (2) 


Then by subtraction, 
hau = (¢€p — 0.305) (f61 — fs2). (3) 
Besides assuming that hen is effectively 
represented by ga, Knoblauch and Jakob 
that mean cp from F 
to H may be taken the same as from 
t, to tf, without an appreciable error; then 
if h is the heat supplied as measured ex- 
perimentally, the equation of relation is 


assume also the 


h=heot+ hop =p (tsi — ber + bs — Ah) 


(4) 


These formulas are for one pound of 
steam, and all the diagrams which precede 
are likewise supposed to be drawn for the 
unit of weight. . 

It is of interest to note that the two in- 
accuracies in this method tend to neutral- 
ize each other. To take cp in equation 
2) the same as from ft; to fz, is to get 


— 0.305 (451 — és2). 
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a value of Arn which is smaller than the 
true value, since the ¢, is really greater 
near saturation; this gives anAex smaller 
than it ought to be, and hence tends to 
compensate for the fact that the true value 
is greater than Acp. 

An actual example will make clear the 
magnitude of the quantities involved in 
the discussion, for the experiments of 
Knoblauch and Jakob. 

In test No. 2, which shows the 
amount of pressure drop, the 
numerical values are as follows: 


greatest 
various 


fp: = 29.7 Ib. pz = 27.7 Ib. 
fu 208" F. ji —waeR F. 
t= 300° F. A= q16" F. 


Rate of steam flow, 96.15 Ib. per hour. 
Rate of heat supply, corrected for 
radiation, 3758 B.t.u. per hour. 


This means that 39.08 B.t.u. are supplied 
per pound of steam, producing an appar- 
ent temperature rise of 411.6 — 329.9 = 
81.7 degrees. If we entirely disregard the 
pressure drop, the mean specific heat from 
t, to t: will be 


39.08 


Co == - 81.7 — = 0.478. 


(5) 


Using this value in equation (3) we find 
heu = (0.478 — 0.305) (249.8 — 245.8) 


= 0.69 B.t.u. 
Subtracting this from the observed h to 
get Ans we hcve 39.08 — 0.69 = 38.39 


B.t.u.; and then the specific heat becomes 


__ 38.39 


Cp = 81.7 = 0.470, 


as given in the original report. It is prob- 
able that the error in this cp as compared 
with a value found by an exact calculation 
of Acp 
cent. 

The method used by 
works out as follows: 

The pressure-volume-temperature rela- 
tion for superheated steam is probably 
best represented by the empirical formula 
of Tumlirz, 


will not exceed one-half of 1 per 


Professor Reeve 


v = 0.5911 7 — 0.1346 p (6) 


where pressure p is in pounds per square 
inch, volume v is in cubic feet, and 7 is 
absolute temperature in degrees Fahren- 
heit. 

The line S T on Fig. 10 represents an 
isothermal expansion from p; to pz at the 
mean temperature of the whole operation. 
This temperature is 


29. 11.6 
i= 399.9 Fan + 460 = 830.8 
degrees. 
The external work done in an isother- 
mal expansion is 
p 
144 pv log 7 ’ 


U = 2.3026 X (7) 
the factor 2.3026 reducing a common to 
a Naperian logarithm, and the factor 144 
changing the pressure p to pounds per 
square foot. 
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Substituting in equation (6), and using 
the mean value of p, or 28.7, for the last 
term, we get 


144 pu=85.12 & 8308 + 0.1346. 4133 
= 70,722 — 556 = 70,166 
foot-pounds. 

Now 
Pi 297 
log —— = log ——— = 0 03028. 
ad P2 . 27-7 


Then the external work has the value 


U = 2.3026 X 70,166 X 0.03028 = 4892 


foot-pounds. 


Divided by 778, this gives 6.29 B.t.u.; and 
if it were really necessary to supply this 
heat from without, only 39.08 — 6.29 = 
32.79 B.t.u. would have been left to raise 
the steam from 329.9 to 411.6 degrees, or 
the specific heat would be 


32.79 
81.7 


C= = 0.402, 
as given by Reeve 

The only trouble with this method is 
that it is fundamentally wrong in principle. 





Smoke Prevention Association 


Convention 


The third annual convention of the In 
ternational Association for the Prevention 
of Smoke will be held in Cleveland, June 
24, 25 and 26. Arrangements well 
under way and according to advance in- 
formation from John’ Krause, 
supervising engineer of Cleveland, and 
vice-president of the association, the pro- 


are 


receiv ed 


gram promises to be interesting 
Charles Poethke, smoke inspector of 
Milwaukee, is president of the association, 
John Krause, of Cleveland, vice-president, 
and R. C. Harris, property commissioner, 


Toronto, Can.. secretary and treasurer. 





Accident in a Louisville Power 


House 


On April 29 an accident happened in the 
Street Railway Com- 
house, which temporarily 
of the plant. The exhaust 
cylinder of 


Louisville (Ky.) 
pany’s 
disabled part 
valve on the 
one of the 2500-horse-power units broke, 


power 
high-pressure 
a piece of it dropping into the cylinder. 


The engine ran several revolutions before 
the head was knocked out, the engineer 


having time to almost get the throttle 
closed. It is a 40 and 78 by 60-inch Allis 
cross-compound vertical engine. Besides 


the head being knocked out, the piston 
and rod were bent and the 
cylinder damaged so that a new one was 
necessary. The blown to .the 
ceiling, coming down on the floor with- 


broken and 
head was 


out doing further damage. 
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WE PAY FOR USEFUL 


Limitations of the Single Eccentric 
Corliss Engine 


In view of the many comments and 
criticisms bearing upon engineers’ license 
laws and the examinations pertaining 
thereto, consideration might appropriately 
be given to a few of the more important 
problems touching upon steam engineer- 
ing, which the candidate for examina- 
tion may be reasonably certain of en- 
countering, no matter where he may pre- 
sent himself for examination. These 
problems might be termed the stock ques- 
tions of every examining board of en- 
engineers. 

One of these necessary propositions, 
and one the correct explanation of which 
quite frequently proves a stumbling block 
in the path of the applicant, is the vener- 
able and oft-repeated query, “What is the 
latest cut-off that may be obtained with a 
single-eccentric Corliss engine?” 

The first point to receive attention in 
answering this question, is that cut-off 
under control of the governor cannot take 
place after the wrist-plate has reached the 
extreme point in its travel, and has re- 
versed its motion. If the knock-off cam 
does not trip the valve before the wrist- 
plate reaches the limit of its travel, closure 
of the valve can only be effected by the 
reverse movement of the wrist-plate; in 
which event, cut-off becomes a function 
of the lap of the valve, the same as in a 
plain slide-valve engine, and as the lap of 
a Corliss valve is of comparatively small 
amount, cut-off will occur near the end of 
the stroke. The point to be determined, 
then, is what part of its stroke the piston 
has traversed when the wrist-plate is at 
the limit of its travel in the direction re 
quired in opening the valve. 

We know that when the motion of an 
eccentric is transmitted directly or through 
an intervening rocker-arm which does not 
change the direction of motion, as is the 
case with the conventional type of Corliss 
engine, the eccentric is set in advance of 
the crank by an angle of 90 degrees plus 
the angle due to the lap and lead of the 
valve. Now, assuming that the valves of 
a Corliss engine have neither lap nor lead, 
by placing the crank on a dead-center we 
bring both the eccentric and wrist-plate 
perpendicular to the horizontal center 
line; and so, when the eccentric moves 
through a right angle and becomes coin- 


cident with the center line of the en- 
gine, it also causes the wrist-plate to os- 
cillate to its limit in the direction re- 
quired in opening the valve. It is evident 
that while the eccentric is moving the 
wrist-plate to this position, the crank is 
likewise moving through a quarter of a 
revolution to a position perpendicular to 
the line of center; but owing to the 
angularity of the connecting-rod, the pis- 
ton falls a trifle short of reaching half- 
stroke. Hence, we may say that by giv- 
ing the valves neither lap nor lead, a point 
of cut-off as late, approximately, as half- 
stroke may be obtained. 

But a Corliss engine running with the 
valves set in this manner cannot perform 
to the best advantage in the matters of 
economical steam distribution and smooth- 
ness of running. To secure these ad- 
vantages, the valves must lap over the 
steam edges of the parts when the ec- 
centric is perpendicular to the line of 
center, and must also give a slight opening 
of the ports with the crank on the dead- 
centers. This lap and lead require that 
the eccentric be given angular advance; 
that is, it must be moved from the per- 
pendicular position, in the direction in 
which the engine is to run, through a 
greater or less angle, depending upon 
the amount of lap and lead. Advancing 
the eccentric in this manner necessarily 
diminishes the angle through which it 
moves in passing to coincide with the 
center line of the engine, and in con- 
sequence, the wrist-plate will reach the 
limit of its travel at an earlier period in 
the stroke of the piston. For, if the lap 
and lead necessitate an angular advance 
of, say, 15 degrees, the angle through which 
the eccentric will move in reaching its 
limit of travel will be 90 —15 = 75 de- 
grees; and while the eccentric is passing 
through this angle, it is clear that the 
crank is moving through an equal angle 
from a dead-center position, so that when 
the wrist-plate is at the extreme of its 
travel, the crank is still 971 — 75 = 15 de- 
grees short of a position perpendicular to 
the horizontal line of center. This position 
of the crank and the resultant angularity 
of the connecting-rod naturally cause 
the piston to fall considerably short of 
reaching half-stroke. We may say, then, 
that in general, the longest range of cut- 
off that can be obtained with a single- 
eccentric Corliss engine having the valves 
set with due regard to a proper steam 





IDEAS 


approximately, seven- 


sixteenths of the stroke. 


distribution 1s, 


But here the question arises: why give 
the admission valves any lap at all be- 
yond the slight amount necessary to make 
them steam tight when the wrist-plate is 
in its central position? The answer to 
this question is obvious when we consider 
that in the engine under discussion, the 
same eccentric that operates the admission 
valves also operates the exhaust valves; 
and although steam lap apparently per- 
forms no good office (only proving an im- 
pediment in the matter of lengthening 
the range of cut-off), and might better be 
dispensed with, lap of the exhaust valve 
is essential to proper running conditions. 
Therefore, to obtain good results, the ex- 
haust valves should close for compression 
before the end of the stroke, and this 
can be accomplished only by lapping the 
exhaust valves and providing for a cor- 
responding angular advance of the ec- 
centric. Also, the exhaust valves should 
open for release before the end of the 
stroke, and this condition demands that 
the eccentric be advanced through a still 
greater angle. Now, it is apparent that 
since the same eccentric and wrist-plate 
actuates both sets of valves, the steam 
valves must also be given lap to com- 
pensate for this angular advance. So we 
see that lap of the admission valves and 
the range of cut-off in a single-eccentric 
Corliss engine are matters depending 
primarily upon a proper adjustment of 
the exhaust valves. 

A. J. Drxon. 

Chicago, Ill. 





Believes in Plenty of Lead 


I was talking to the foreman of a 
brick-yard recently, and he told me that 
his engineer sets the valve on their en- 
gine so that the port has an opening of 
3% to 7/16 inch when the engine is on 
dead center. He said it was a 35-horse- 
power engine, carrying a 20-horse-power 
load, and that it took only 5 pounds more 
steam to run with the valve set that way, 
than when the valve was set “square.” 

T told him tat I thought it would take 
less steam that way, but would require 
higher pressure. Is this a fact? 

R. R. SHERFEY. 


Avoca, Neb. 
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The Chief and His Assistants 


Regarding what “A Chief Engineer” 
says in the April 21 number, page 627, 
about “W. E. D.,” in The Engineer of 
March 16, I, for one, think he is wrong. 

“W. E. D.” did not write as if he had 
any idea of putting the compound in the 
old boilers, but wanted to know what the 
readers thought of the matter. 

I am an assistant engineer, and do not 
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FIG. I. 


claim to know very much, and am under 
as good a chief as there is in the coun- 
try; but if no one had ever told me any- 
thing save what he has told me, I would 
not know half what I do. 

“W. E. D.” was trying to learn some- 
thing, and not run down his chief. 

J. C. Brown. 

Richmond, Va. 





Water Tube Boilers 





In reading the March 31 number, | 
noticed a letter from J. E. Noble regard- 
ing water-tube and fire-tube boilers. As 
| have had experience with both, perhaps 
I may be able to answer some of the ques- 
tions he asks. To my mind there is no 
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FIG. 2. 


doubt that the water-tube boiler is much 
economical. I cannot agree with 
the engineer who claims it takes 500 per 
work to keep water-tube 

A great many engineers 
think that so long as they have the mud 
all washed out of the shell of the boiler 
it is clean. Let them keep the tubes as 
clean as it is necesary to keep them in a 
water-tube boiler, and I think they will 
find it takes equally as much work. In 
regard to keeping tube-ends tight, if a 
good design of boiler is used there should 
not be the slightest trouble. In the matter 
of explosions the water-tube boiler stands 
high above its competitors. A case has 
recently come under my notice where a 
Babcock & Wilcox run al- 
most entirely empty before the explosion 
came, and when it did come all that re- 
silted were a few tubes bursted and a few 
more sagged and fireman slightly 
scalded. Now if this had been a fire-tube 
boiler, just imagine the result; the whole 
plant would have been damaged besides 
great loss of life, as there was a large 
umber of men employed in the building. 
was only necessary to cut out the dam- 
aged boiler and let the plant run as 
sual. This happened in a battery of 


more 


cent. more 


boilers clean. 


boiler was 


one 


It 
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3000 horse-power. Where would the rest 
of them have been if this plant had been 
equipped with fire-tube boilers? 
J. T. FRANKLIN. 
Alberta, Can. 





To Camber the Piston-rod of a 


Horizontal Engine 


When it is desired to camber the piston- 
rod of a horizontal tandem-compound en- 








THE 


FINISHED ROD 


gine, or an engine with a tail-rod, the 
following method is simple and accurate. 

Figure 1 represents the finished rod as 
it should be when it is supported at both 
ends, and bearing the weight of the pis- 
shows the forging which 


ton. Figure 2 





>» 
te 
827 





Engineering Information as the 


Public Gets It 





| recently ran across a small weekly paper 
which interesting 


reading concerning the engineering depart 


contained some very 
ment of a certain large institution. 

The article goes on to tell about what 
a visitor would see during a trip to the 
power plant. First, the pumping plant 
that furnishes 150,000 gallons of water 
daily, 50,000 gallons of which must be 
heated, for which “there must be more or 
less steam created.” They have a “great 
coal yard, in which now rest some 50 car 
the mine, and from 
which a ton is removed each hour to fill 
the great the 
boilers.” The visitor “would be surprised 
that the kitchen itself de 
mands 20-horse-power steam pressure,” 


loads of coal from 


glowing fire beds under 


to hear 


very 


whatever that is. 











FIG. 3. 





necessarily must be larger than the fin- 
ished rod, in order to allow for turning 
when deflected. Figure 3 shows the po- 
sition the rod will assume when deflected 
in the lathe. This is done by holding the 
rod at the proper place by steady rest, and 
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ROUGH FORGING 





FOR PISTON-ROD 


offsetting the ends to the proper amount. 
The usual practice is to have a cap for 
each end of the rod, with offset centers. 
When the rod is turned up and removed 
from the lathe it will assume the desired 
amount of camber. 
Referring to Figs. 3 and 4, lett W = 


weight of piston; N weight of piston- 


rod; / = length between supports; a and 
b = distances of piston from supports; 
3 
7) 
—< a _—_— 
| 
! 





FIG. 4. DIAGRAM 
x = deflection due to weight of piston 
and rod; J] = moment of inertia, and E = 
coefficient of elasticity. 

Then: «= 


Zitadb .. a? $3 
[w+—5- 4] 37ET 
EMERSON. 


Hamilton, Ohio. 
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LATHE 


BY OFFSET Ih 


room 
work 


the engine 


automatic 


“A peep into 
the 


regularly supplying fresh coal to the fire 


great 
shows stokers at 
beds under the eight great engines, work 
what intel- 
If these people are able to stoke 


ing with seems like human 
ligence.” 
“sixteen pounds of coal at regular in 
the 


engines, and so do away with the ordi 


tervals” directly under eight great 
narily intervening boilers, it is time some 
one was looking into the matter and put- 
ting us next. 
“Adjoining the the 


the coal is 


engine room. is 
great from which 
rolled the track 
the length of the engine room. 
the the 
testing and analysis are matters requiring 
infinite The 
samples of coal submitted by bidders are 


coal yard, 
which 
The pur- 


necessary 


out across runs 


chasing of coal and 


care and accuracy. several 


analyzed for their gases, and then a run- 
ning test is made in the engines in order 





FOR CALCULATING OFFSET 


to find their working power—the number 
of pounds of water a pound of coal will 
evaporate.” 

This article is a good example of the 
engineering information frequently handed 
out to the public by the non-technical 
press. 

FREDERICK L. BARRINGTON. 

Providence, R. I. 
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Generators Give Trouble 





Reading on page 573 of the April 14 
number, the article on “Trouble in Par- 
alleling Generators at a Railway Plant,” 
by C. W. Clark, calls to mind an experi- 
ence that I have just had with generators, 
where the electrical people blamed the 
trouble onto the engines. 

This was in a case where the writer 
was using two direct-current generators 
on a three-wire system. The generators 
were made by a well and favorably known 
concern. The load grew until it was 
necessary to install larger generators and 
the matter was taken up with the makers. 
An order was finally placed with them 
for two new machines. In course of time 
the new generators were sent on and in- 
stalled in the same place, carrying the 
same load, being driven by the same en- 
gine, operating under the same _ condi- 
tions by the same crew as the old ma- 
chines, but with a _ greater fuel 
sumption. 

The trouble was at once reported to 
the electrical people, who sent a man to 
go over the generators, which he did, 
leaving with the assurance that he would 
place his report before the proper of- 
ficials. In due course of time, a letter 
came, stating that the man’s report had 
been received and that word would fol- 
low regarding the trouble. After a 
while, when nothing had been heard from 
them and the generators were pulling as 
hard as at first, a letter was addressed 
to them, calling their attention to the 
facts as above stated. In answer to this 
letter, they stated that a man would soon 
be sent to go over the generators again, 
as the first report was not as full as was 
wanted. The second man came, spent 
several days feeling around, measuring, 
counting and tracing wires, reading the 
meters, watching the firemen, engine, etc., 
and left with the same parting advice as 
the first man. 


con- 


The result of this second visit was a 
repetition of the first; a letter, a silence, 
another letter and another silence; then 
another letter and a third man. This third 
man brought several boxes of instru- 
ments and spent many hours mysteriously 
testing, reading and drawing of curves, 
diagrams, etc, then began talking and 
questioning the performance of the men, 
furnaces, boilers, engines and belts. He 
spent one night figuring and drawing more 
curves and when the writer, who by the 
way is also the owner, came in next morn- 
ing, he was presented a large array of 
mathematical problems and figures that re- 
minded him of his school days when he 
was extracting the square and cube roots 
in algebra. 

The final result was that the electrical 
company laid the whole trouble at the 
door of the engine and boiler makers. 

Now the one thing we could not under- 
stand was why the results were so dif- 
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ferent when we only changed generators. 
If the engine and boilers worked well with 
the old generators, why was it that they 
got in bad repair all at once and on the 
day the new generators were installed? 

I think too often the trouble is sad- 
dled off on the engine people when it 
should be placed where it belongs, on the 
electrical people. The engine people do 
not stand up for their rights. 

James W. Hocxapay. 

Cooper, Tex. 





Diagrams for Criticism 


I submit herewith diagrams from a 
400-horse-power cross-compound Corliss 
engine, with cylinders 16 and 32x48 inches, 
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running 78 revolutions per minute, sup- 
plied with steam at 125 to 140 pounds 
from one Lanchasire boiler. This en- 
gine is under-loaded and to take advantage 
of the high steam pressure, the throttle 
is always partly closed. With the throttle 
open the high-pressure diagram shows no 
steam line. Would like suggestions as to 
changes of valve setting for improvement 
and would like to have the horse-power 
figured for each cylinder. The high- pres- 
sure spring was 48, and the low-pressure 
10. . 
Benars! Dass. 
Punjab, India. 
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An Emergency Packing 





I have a new style of emergency pack- 
ing that I use on anything from the 
steam-chest to the hand-hole plates. I 
take a piece of plaster-board, such as 
is found in any hardware store, coat 
it thoroughly with boiled linseed oil 
and use it the same as any other sheet 
packing. It bakes until it becomes 
as hard as iron, it does not have to be 
followed up with a wrench when heat 
is applied as do other packings, and it 
will last indefinitely. 

A. H. STANFIELD. 

Curtiss, Wis. 





What Caused the Rotor to Shift > 





I was interested in the above question 
asked by “A. K. S.,” on page 102 of the 
January 21 number. So far, there has 
only been one theory advanced in reply, 
namely, that of A. V. Youens on page 
377 in the March Io number. 

I think, however, that A. V. Youens’ 
theory is wide of the mark, as it is incon- 
ceivable that sufficient stress could be 
applied to the rotor to expand the hub 
from the shaft enough to loosen it. If 
this theory was correct, what would be- 
come of the fly-wheel? It may be men- 
tioned that in these engine-type alterna- 
tors, the rotor is usually built up of a 
steel ring fitted to cast-iron arms, while 
the fly-wheel is wholly of cast iron, and 
is often much larger in diameter than the 
rotor. The rotor therefore is capable of 
standing a stress due to centrifugal force 
which would mean destruction to the fly- 
wheel. 

I think the moving along the shaft is 
due entirely to a side pull applied to the 
poles of the rotor, caused by the station- 
ary armature being set out of line. 

It is the practice of manufacturers of 
electrical machinery to make the station- 
ary armatures of alternators adjustable, 
both in a horizontal and vertical direction, 
to allow of'the armature being adjusted 
centrally with regard to the rotor, and it 
is reasonable to suppose that if the ar- 
mature was set with its axis out of line 
with the axis of the rotor, a considerable 
side strain would be exerted on the rotor. 
The strain would also be greater on one 
side than the other and would have the 
effect of moving the rotor along the shaft 
until the pull was balanced. The move- 
ment would of course be very minute 
each revolution, but if the slightest move 
ment took place, it would eventually 
travel along the shaft until the resultant 
pull was balanced. 

The side pull on a 500-kilowatt machine 
with, say, a 14-foot diameter rotor would 
be considerable, the amount depending, 
of course, on how much it was out of line. 

FRANK SAWFORD. 

Sydney, Nova Scotia. 
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Time Required to Empty Tank 





In reply to the question as to the time 
required to empty a tank, I: offer the fol- 
lowing formula and its derivation. The 
formula for the total time in seconds to 
empty the tank is 

ek aw 


4.01a ’ 


where C is a constant which varies with 


s/t, 
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h bh 
Abscissae = Depth in Ft. 
Ordinates = Rate of Flow- Cu. Ft. per Sec. 
b= Total depth of Water at Start. 


¢h 4b 0 


FIG. I. CURVE OF RATE OF FLOW 


the form of the opening and is about 0.62 
for a round hole with sharp corners; A is 
the area of the tank in square feet; h is 
the depth at the start and a is the area 
of the opening in square feet. 

The constant C has been determined 
experimentally, and the term 


Avh 


4.01 a 


may be derived as follows: 

The velocity of flow at the head h is 
v= 8.03 “h feet per second, and the rate 
of flow would be Q = 80347 h cubic 
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Abscissae = Volume in Cu. Ft. - - 
Ordinates — Time in Sec. for 1 Qu. Ft. to flow out 
Area under Curve =Total Time te empty Tank. " 
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FIG. 2. TIME CURVE 


feet per second. This may be represented 
graphically by taking a base line A 0, 
Fig. 1, as the depth of the water, using a 
suitable scale. Then erect a perpendicular 
at h, to equal 8.03aW%h. At@3%4h the 
quantity would be, * 


r ¥ - 
O=8.03a4 ¥ %h = 4.015 a V 3h 
= 6.95@ Vh, 
and at Yh it would equal, 
O=8.03a y yhy=5.68a yh. 
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In this way as many points as are 
necessary can be found, and a smooth 
curve drawn through them. 

The time ¢ for one cubic foot to flow 
out at any depth h, is the reciprocal of 
the rate at that depth, and at h, 4h, Yh, 
etc., the time per cubic foot would be, 





I I 
8o3a Yh’ 6.95a y h 
aoe 
5.68 a V he 


Draw a new base line Aho, Fig. 2, to 
represent the volume of the tank in cubic 
feet, and erect perpendiculars to represent 
the different times at Ah, %Ah, YAh, 
etc., and draw a curve through the points 
found. 

Since in this figure any short portion 
of the base line is a volume in cubic feet, 
and the perpendicular is the time for one 
cubic foot to flow out, then the area is the 
time for the given quantity of water to 
flow out, because the area is the product 
of the time and the volume. This is true 
for any part of the area, therefore the 
whole area is the total time for all the 
water to flow out. 

CHARLES C. SAMPSON. 

Cleveland, Ohio. 





The Effect of Compression 





In reference to the indicator diagrams 
sent by the correspondent, who, on page 
501, April 14 issue, states that he was 
able to obtain the same brake horse-power 
with less diagram area by simply cutting 
compression entirely out, I would say that 
his conclusions are certainly open to con- 
siderable doubt, both from a theoretical 
and a practical viewpoint. In the first place, 
the power absorbed by compression does 
not come within the area of the diagram 
at all, as the diagram simply shows the 
actual pressure on the piston and indicates 
the total power developed within the cyl- 
inder; it does not show the steam con- 
sumption per brake horse-power, and cal- 
culations of total steam consumption 
based on the diagrams cannot be relied 
upon. 

One of the great advantages of com- 
pression is the fact that it reduces the 
steam loss due to clearance, and if a 
steam engine is expanding down to atmos- 
pheric pressure and compressing up to 
initial pressure, then there will be no loss 
at all, neglecting condensation, due to 
clearance space, where there would be a 
very serious loss if there were no com- 
pression, especially so in high-speed en- 
gines where the clearance sometimes 
reaches 10 per cent. of the total cylinder 
volume. This neutralizing of the loss due 
to clearance is the most important saving 
effected by compression, and alone is 
ample to warrant its use. It also reduces 
the loss due to wire-drawing. 

The mechanical advantage of cushion- 
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ing the piston, which seems to have be- 
come in many engineers’ minds the prin- 
cipal reason for compression, is open to 
so much discussion that it can be left out 
of the question entirely, because, if that 
were the only advantage, then compres- 
sion could be discarded, as engines will 
run satisfactorily withont any cushioning 
of the reciprocating parts at all—the gas 
engine, for generally has no 
cushioning on forward stroke and 
oftentimes only every other stroke on re- 
turn, yet it is fully as reliable as the 
steam engine and shows no particular 
weakness in the crank-pin bearing. 

With compression the main trouble is 
the abuse to which it is put; one engineer 
believes in high compression probably be- 
cause he has heard someone talking about 
a gasolene engine, and so he fixes the 
valves for all he can get, sometimes run- 
ning away above the boiler pressure. 
Then there is the man who says there is 


instance, 
the 


“nothing in it,” and barely leaves enough 
to round the corner of the card. As a 
matter of fact, there is a definite compres- 
sion that will give the most economical 
steam consumption for any point of cut- 
off, and the engineer, who balances his 
engines along this line, is the one who 
will be able to get the lowest steam con- 
sumption per brake horse-power, which is 
the ultimate aim after all. 
Gerorce P. PEARCE. 
Exeter, N. H. 





Causes of Knocks in Steam 


Engines 


I-am a young engineer and a constant 
reader of Power so, of course, I read 
“W. O. R.’s” letter on page 303 of the 
February 25 number, and the discussion 
of it in the following numbers. 

What experience I have had has taught 
me that “W. O. R.” is in the wrong. 
It would seem useless for me, one who 
has only had a few years’ experience and 
who is located out here in an isolated 
place like this, to undertake a. discussion 
with a “real engineer” from Massachu- 
setts (the place from where we are hear- 
ing so much about engineers having to pass 
such a thorough examination in order to 
get a license to operate), but I haven't 
been out here forever. I am from Mis- 
souri. 

I think that it would be well if “W. O. 
R.” would tell us something about the 
plant he has charge of, the size of his 
engines and the conditions under which 
they work. 

And will some members of the Massa- 
chusetts board of examining engineers 
give us a little light on the subject? I am 
sure that it would be appreciated by all 
of us younger engineers. 

N. A. MINER. 
Magdalena, Sonora, Mex. 
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Practical vs. Theoretical Education 


In the April number I have read the 
remarks by “H. G. S.” on the topic, 
“Practical vs. Theoretical Education,” and 
for the benefit of that writer and others 
who may hold similar’opinions, I wish to 
present some data that have been col- 
lected, and which show with considerable 
exactness what the graduates of our tech- 
nical schools do after entering upon their 
active careers as engineers. . All this ap- 
plies to the graduates from the mechani- 
cal-engineering courses of study only, 
these men being the ones whom the dis- 
cussion involves. 

The following tables are made up from 
the records of graduates from six repre- 
sentative engineering schools, three in the 
Atlantic States and three in the middle 
West. The men are taken at random 
from different classes, with none omitted 
because of poor record, and while the 
same men are not traced through the dif- 
ferent periods of time for the obvious 
reason that many of those whose first 
positions are given have not yet been five 
years out of school, still the results ob- 
served are very significant. 

In examining the available records, 
about 25 per cent. of all the graduates 
cannot be located. These men are not all 
poor men or failures by any means, but 
the records are incomplete, and only those 
whose actual positions and standing could 
be ascertained were included in the count. 
It is a fact that less than Io per cent. of 
all graduates fail to make good records. 
The tables below show how the 75 per 
cent. whose records are complete find em- 
ployment and how they progress from 
year to year. 

In making up the list of occupations 
during the first year after graduation the 
records of 755 men have been used. They 
are as follows: 


I ee OT 34.6 per cent. 
Assistant engineers in manufactur- 

ing plants and inspectors on con- 

struction work................28.6 per cent. 


Teachers in engineering schools.... 9.3 per cent. 
[ee ee 9.3 per cent. 
Special technical apprentices...... 4.9 per cent. 
Graduate students in engineering 
Se eae 4.3 per cent. 
Operating steam engineers........ 2.4 per cent. 
Doing clerical office work.......... 1.8 per cent. 


Insurance inspectors. ............ 1.2 per cent. 


After the men have become more set- 
tled in their work we find the following 
distribution, after the specified periods 
have elapsed: 
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In view of this testimony is it correct 
or fair to say, “Many are deceived in re- 
gard to the value of a technical education 
by the fact that some of the graduates of 
technical schools do get into good posi- 
tions...” with the implication that but 
few find those positions? After 10 years 
out of school more than half of the men 
are either company officials, managers, 
superintendents, or are in business for 
themselves as consulting engineers or 
architects. Can the men who complete 
their apprenticeship courses, or who even 
qualify as responsible operating steam 
engineers, and who are thus products of 
the practical school, show one-half as 
good a record as this? “H. G. S.” and 
the employer whom he quotes have but an 
indistinct conception of what is the real 
status of the technically trained engineer, 
or of the possibilities which lie before 
him. 

P. F. Wort. 

Burlington, Ia. 





It is folly to dispute the necessity and 
importance of book knowledge in these 
days. It has always been my regret that 
I did not have the advantages of a college 
education, and I have done all in my power 
to overcome my disadvantage in this re- 
spect; but it all comes to the point, in in- 
dustrial affairs, at least, that it is the fel- 
low who can deliver the “goods” who gets 
there, it matters not whether he is a tech- 
nical graduate, or a man who cannot write 
his name. Of the two, I would more quick- 
ly trust the latter, as it is usually practical 
knowledge that enables one to get the 
results. 

As an instance, an architect and an en- 
gineer (stationary) had to plan a build- 
ing in which there was an arch of consid- 
erable size near the end of a wall. With- 
out any figures or application of high sci- 
ence, the arch was so proportioned that it 
did not exert an undue lateral pressure on 
the wall. Some time later, when extensive 
building operations were under way, an 
architect was employed who used arches 
over the openings near the corners of the 
building; these were built so flat that the 
thrust of the arch forced the arches out 
so that iron lintels had to be placed over 
them to correct the trouble. 

I have always thought, if I had a boy, 
I would send him through High School, 
then put him in the shop for about five 
years. I would want it to be a shop where 
he would get no favors except those he 


Number of years out of school 4 5 10 15 20 
Total number of men considered. . . 142 104 99 40 
Draftemen......... Cite eee 14.1 per cent. 3.9 per cent. 2.0 per cent. 2.5 per cent. 
Assistant engineers in manufactur- 

eae rere 5.8 per cent. 
Chief engineers in manufacturing 

ES eee eae. 23.2 per cent. 21.1 percent. 25.3 percent. 12.5 per cent. 
Consulting engineers and architects 11.1 percent. 12.1 percent 22.5 per cent. 
Teachers in engineering schools. . 9.9 percent. | 4.8 perfcent. 12.1 percent. 12.5 per cent. 
Managers, superintendents and as- 

ange to same in manufactur- 

Serra 23.2 percent. 24.0 percent. 32.3 percent. 30.0 per cent. 
Presidents, secretaries and treas- , ” ed 

urers of manufacturing .com- 

MINE hain ah clatesa a aa! evecniavg o ekand 5.6 per cent. 18.3 percent. 16.2 percent. 20.0 per cent. 
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Then I would send him to a 


earned. 
technical school. I feel that, with reason- 
able natural ability, and an inclination to- 
ward the occupation he was following, 
this ought to make of him a first-class 
engineer. 

A practical man who masters a corre- 
spondence school course usually gives a 
good account of himself. A somewhat lim- 
ited experience with a technical graduate 
has given me the impression that many 
of them are as innocent of the knowledge 
essential to “getting there” as the babes 
in the wood, yet they are possessed of a 
firm conviction that a man who has not 
been through the schools will not be able 
to teach them anything. Of course, con- 
tact with the world corrects this in a few 
years, if they are made of the right stuff. 

J. A. BENEFIEL. 

Anderson, Ind. 


much interest the 
articles on the technical man 
versus the practical man. The word 
“versus” is not at all necessary, as the 
technical man and the practical man may 
be, and should be, the same. The tech- 
nical man who is not a practical man 
should not be intrusted with the manage- 
ment ‘of a steam plant until he has worked 
under a practical man who is competent 
to teach the practical side of the business. 
On the other hand, the practical man who 
is not posted to a certain extent in tech- 
nical matters is not a practical man to 
be trusted with a position of responsi- 
bility. The sum and substance of the 
whole thing is, he should have both the 
practical and theoretical training. 

In this age there is no excuse for a 
man to say that he cannot afford to post 
himself technically, as there are corre- 
spondence schools which are thoroughly 
reliable and with which he can study at 
home after his working hours. The 
man who hasn’t the energy to post him- 
self should choose some other vocation 
than mechanical engineering. 

Monroe JOHNSON. 

Emmetsburg, Iowa. 


I have read with 
various 





Supplementing, “Academics and the En- 
gineer,” by W. I. Dean, were the editor- 
ials, “The Road to Economy,” and “What 
is a Man Worth?”, appearing in the 
March 31 number. These are interesting 
subjects and should be analyzed by the 
profession at large. 

Some of Mr. Dean’s arguments are 
open to question, especially that of two 
young men having the same ability, am- 
bition and determination, one in college, 
the other in a steam plant, each from his 
own choice, the college man deciding 
after his schooling to become an engineer. 
In ten years from the beginning of prac- 
tical work, only one answer can be given 
as to which would stand the highest. We 
are led to believe by the rest of the ar- 











May 26, 1908. 


ticle that it would be the college man. Be- 
fore going farther it would be only just 
to say that if a college education was 
not fully appreciated by the engineers, 
the associations founded for this purpose 
would not be so popular or able to secure 
such a membership. 

Taking the example as given, provid- 
ing that both are the same, we will follow 
the worker first. The chances are ob- 
viously in favor of him from the start. 
Placing himself under a good man, whom 
he naturally would choose, starting from 
the foundation and practically combining 
mechanics with common sense and some 
outside study, he gets a thorough, prac- 
tical education at once which cannot be 
obtained in any other manner. When the 
day’s routine is over he takes up study 
from the same authorities that are used 
in college, minus the tutor, which can be 
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Give to these men at the expiration of 
the time mentioned, a poorly appointed, 
neglected steam plant and I think without 
a doubt the worker will give the best ac- 
count of himself. 

W. T. Crowe Lt. 
Winsted, Conn. 





Compound Engine Diagrams 





In the April 21 number, A. Mason 
asks for information concerning the draw- 
ing of indicator diagrams for a 2500- 
horse-power cross-compound condensing 
engine, with both high-pressure and low- 
pressure cylinders showing 1/16 late ad- 
mission, economical compression, % cut- 
off, 155 pounds initial pressure and 31 
He says this 


pounds receiver pressure. 





Volume % Scale 
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DIAGRAM FOR THE STUDY OF MULTIPLE-EXPANSION ENGINES 


obtained by a course through some cor- 
respondence school, and at the end of 
five years it is safe to say he has passed 
through the firing, oiling and assistant- 
engineer branches, accepting the respon- 
sibilities of some small steam plant; arid 
having the knowledge of submission, he 
has learned how men are handled and 
what to expect from them. 

In the other instance social duties or 
other reasons attached to the life of a 
student, call for all the young man’s spare 
time. After graduation he faces a handicap 
of five years with life’s cares and struggles, 
a stranger to the ways and means. of 
doing things. His period of study has 


unfitted him for any class of work em- 
bracing manual labor and the broaden- 
ing influences that come only from contact 
with fellow students is not noticed to any 
great extent until later in life. 


question was asked him in an examina- 
tion, and asks if it is a practical one. 

Horse-power has no more to do with the 
form of indicator diagrams than with the 
form of gear teeth; but it should have 
been stated whether pressures ‘are gage 
or absolute, and the back pressure in the 
low-pressure cylinder should be known. 
Then, assuming the receiver to be in- 
definitely large, so as to maintain a con- 
stant pressure, and assuming certain 
clearance volumes, diagrams may be 
drawn with the above cut-off and pres- 
sures, and the cylinder ratios determined 
from them. The cylinder sizes, speed 
and stroke may then be suited to the re- 
quired power at the given cut-off. 

Cylinder ratios of actual engines could 
not be found from actual diagrams in 
this manner, and as a method of design, 
it is irrational and unsatisfactory. 
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In practice, receiver pressures vary 
throughout the stroke, the amount of vari- 
ation depending on relative receiver 
volume, and the form of pressure line de- 
pending on cylinder ratios, relation and 
sequence of cranks, and the relation of 
the different events of the cycle. 

The accompanying diagram, being one 
of about thirty constructed by the writer 
for compound, triple-expansion and quad- 
ruple-expansion engines, with various re- 
lations of events, arrangements of 
cylinders and sequence of cranks, will 
give some idea of the complications en- 
countered in drawing correct theoretical 
compound-engine diagrams. 

The method is that employed by Prof. 
Unwin, modified by the writer so as to 
be applicable to cut-offs later than half 
stroke. The derivation of the formulas 
for plotting the indicator diagrams is a 
tedious task, even for the simple case 
illustrated, and the whole process, in- 
cluding the calculation of the numerical 
quantities necessary to plot only the main 
points of the diagrams, even with the use 
of a sjide-rule, would probably occupy 
much more time than that allowed for the 
whole examination. 

Actual high-pressure diagrams usually 
show nearly straight back-pressure lines, 
as the variation of pressure is compara- 
tively small; but the admission line of the 
low-pressure diagram often closely re- 
sembles that of the theoretical diagram, 
if a light spring is used or the receiver 
volume is small. The slope of this line, 
due to expansion from the receiver, is 
sometimes wrongly attributed to wire- 
drawing. 

A careful study of theoretical compound 
diagrams and a comparison with diagrams 
from an engine, would possibly lead ex- 
amainers to be more considerate and prac- 
tical in giving questions on this subject. 

Witiiam E. NINDE. 

Syracuse, N. Y. 


Burning Oil and Tar 








On page 545 of the April 7 number, 
there appears an article on the above sub- 
ject which is a criticism of an editorial in 
a previous issue upon the same subject. 

Those of us who use oil for fuel realize 
that in many instances the results ob- 
tained are not all that could be desired, 
and the writer would suggest that Mr. 
Kidwell give the readers some detailed 
information regarding his ideas as to the 
proper equipment for, and the best method 
of operating fuel-oil installations. 

A free discussion of such points as type 
of burner, temperature of the oil, rela- 
tion between pressure of the oil and the 
pressure of the atomizing agent, design of 
the furnace, intensity of draft, etc., would 
surely be of great interest and value to all 
those who use oil for fuel. 

H. S. Howarp. 

Clayburn, Cal. 
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Low Water and Boiler Explosions 


I noticed Mr. Haight’s criticism of my 
article on the above subject, and would 
‘like to say that I was probably more sur- 
prised than he to see the total heat of a 
pound of water at 105 pounds pressure 
printed as 30,113, as I think in the original 
article it was given as 301.13 B.t.u. 

I would like to know what steam tables 
Mr. Haight uses to find that the heat in 
a pound of water at 105 pounds pressure 
is 1182. 

E. H. LANE. 

Kansas City, Mo. 


G. R. Haight’s criticism in the April 
21 number, of “Low Water as a Cause of 
Boiler Explosions,’ moves me to an 
answer. 

It is evident to anyone who has con- 
sulted the steam tables, that the amount 
of heat in the water at 105 pounds ab- 
solute pressure, given in the article re- 
ferred to as 30,113 B.t.u., is a slip of the 
pen or a printer’s error for 301.13 B.t.u, 
which quantity is practically correct; 
though some tables make it 301.731. In 
his multiplication, Mr. Lane has ignored 
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ter must get rid of its excess heat at 
once and it does so by vaporizing (in the 
case given) 12.5 per cent. of its own 
weight instantly and all through every 
molecule of the water. Now, the pound 
of water at 105 pounds pressure had a 
volume of 28.91 cubic inches; and the 
12.5 per cent. of steam generated from it 
at atmospheric pressure has a volume of 
5695.92 cubic inches; so, while the steam 
generated is only 12.5 per cent. of the 
water by weight, the water which is left 
after the vaporization is only 0.43 per 
cent. of the steam in volume. 

It is natural to suppose that this enor- 
mous volume of steam generated in the 
body of the water itself would break up 
the remaining water into an extremely 
fine, subdivided state; so fine in fact that 
it would remain in suspension in the air, 
just as is the natural moisture. 

So much energy is set free by the ex- 
plosion (in fact 94,293.6 foot-pounds for 
each pound of water at 105 pounds pres- 
sure), that the water would be projected 
to a great distance from the original po- 
sition of the boiler while in this finely 
subdivided state, and would probably be, 
deposited as a dew over a considerable ex- 
panse of surrounding country. 


it is easy to see that a boiler full of wa- 
ter at 105 pounds would contain a very 
great deal more energy than a boiler con- 
taining only steam or a very little water. 
For example, a 72-inch by 18-foot hor- 
izontal return-tubular boiler with ninety- 
six 3%-inch tubes, with water level at 48 
inches, and 24 inches of steam space, ex- 
ploding at 100 pounds gage pressure, 
would set free a total amount of energy 
equal to 1,226,869,781 foot-pounds. If this 
boiler at the time of explosion contained 
no water, but only steam, it would set 
free only 3,087,914 foot-pounds of energy, 
or only 0.25 per cent. of the first amount. 
BENJAMIN S. HANSON. 
Broad Brook, Conn. 





A Simple Problem in Mechanics 


The accompanying sketches show two 
arrangements of pistons and spring scale. 
In the one case the cylinder ‘is open at 
the ends and the two pistons are con- 
nected rigidly to the scale hook and body. 
There is a pressure between the pistons 
of 40 pounds per square inch, which 
forces them apart until balanced by the 
scale. 
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the fraction, and therefore his result of 
2,498,300 B.t.u. is quite right. 

Mr. Haight makes the mistake of tak- 
ing the total heat in the steam at 105 
pounds, instead of the heat in the water. 
The heat in the steam includes the latent 
heat of vaporization, which at 105 pounds 
is 881.214 B.t.u.; and the latent heat plus 
the heat in the water, equals the total heat 
in the steam, or 1182.945 B.t.u., which is 
the quantity Mr. Haight uses wrongly. 

There is no latent heat of vaporization 
in the water, and therefore no latent heat 
is made active when the boiler explodes. 
The heat set -free is the difference be- 
tween the heat in the water at 105 pounds 
and the heat in the water at atmospheric 
pressure; this quantity is 121.2 B.t.u. per 
pound of water. Thds heat is sufficient to 
vaporize 12.5 per cent. of the weight of 
the water at atmospheric pressure, which 
will leave 87.5 per cent. of the water un- 
accounted for. ; 

A natural explanation. of the lack of 
visible water after a boiler explosion is 
given as follows: When the pressure on 
the water is suddenly relieved, it is not 
only relieved on the outside surface of the 
water, but all through the water, and 
every infinite molecule feels the drop in 
pressure. 

Now, when the pressure drops, the wa- 


ARRANGEMENT OF PISTONS AND SPRING SCALE 


All boiler explosions are caused by the 
boiler being too weak, in some part, to 
stand the pressure on it at the time of the 
explosion; the pressure may be in excess 
owing to a safety valve or steam gage de- 
fect, or the boiler itself may have developed 
a defect. The defect may be a cracked plate, 
a broken or sheared rivet, a broken brace 
or stay-bolt, a corroded and weakened 
plate, rivet or brace, or an overheated 
plate, joint or rivet. The overheating 
may be caused by low water or by mud, 
oil or scale on the plates or by an intense 
flame being allowed to play on one spot 
for a considerable length of.time. Whether 
low water is a direct cause of boiler ex- 
plosions or not, is a question I will not 
go into; but one thing is sure, that is, 
that a boiler explosion when the boiler 
contains little or no water could not be 
anything like as severe as an explosion 
when the boiler contains the proper 
amount of water. This is easy to ex- 
plain, for a pound of water at 105 pounds 
absolute pressure will release 94,293 foot- 
pounds of energy when the boiler ex- 
plodes and a pound of steam at the same 
pressure will release only 28,276 foot- 
pounds. Now, while a cubic foot of wa- 
ter at 105 pounds pressure weighs 57 
pounds, a cubic foot of steam at the same 
pressure weighs only 0.241139 pound; so 


In the second case the cylinder ends are 
closed and the pressure is between the 
cylinder-heads and the pistons, forcing 
the latter toward each other until the 
pressures are balanced by the scale, which 
is attached by cords passing over pulleys. 

The area of each one of the pistons is 
10 square inches; what total pressure will 
the spring scale show in each case, as- 
suming no loss by friction or otherwise? 

Joun H. MANNING. 

Brooklyn, N. Y. 





Changing from Coal to Natural 
Gas 


I have charge of two 100-horse-power 
return-tubular boilers, hand-fired with 
coal, and would like to change over to 
gas. Can any of the readers recommend 
a good burner and general lay-out of 
furnace with the necessary appliances for 
burning natural gas with economy? 

What should be the size of stack for the 
above boilers when burning natural gas’ 

Also state the value of natural gas in 
heat units as compared with good bitumi- 
nous coal. 


F. REMINGTON 
York, Penn. 
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Repairing a Gas Engine Piston 





Notwithstanding the objections from 
the engineer, the management ordered 
that their vertical gas engine should be 
run high above its designed speed. First 
one kind of trouble and then another de- 
veloped in quick succession, and at last a 
lesson was taught that will be remembered 
for a long time. 

The air-valve stem snapped in two and 
the valve was drawn into the cylinder. 
As chance would have it, the valve 
dropped to the piston in such a way that 
when the piston returned it to the end of 
the cylinder it caught on the flange on 
the inner edge of the head. This resulted 
in the engine’s stopping with a suddenness 
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METHOD OF REPAIRING A GAS-ENGINE PISTON 


that was a strenuous test of all of its 
different parts. 

The head of the cylinder was taken off, 
the broken valve removed and a new one 
inserted. After replacing the head an at- 
tempt was made to start up, but one turn 
ot the fly-wheels showed that there was 
no compression. On examination it was 
found that the piston had been cracked 
enttrely in two, the crack following the 
groove of the middle packing-ring, as 
shown at AB, in the accompanying 
figure. . 

A plate C was made of cast-iron, a 
little smaller in diameter than the end of 
the piston, four holes were bored in it, and 
corresponding holes D, E, F, G in the 
end of the piston. Then heavy pieces of 
round iron, H, J, were looped over the 
lugs K, L, outside of the set-screws N, O. 
The ends of the bolts were then run 
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through the holes D, E, F, G, and the two 
pieces were drawn together firmly. 

After replacing the parts, the engine 
ran as well as it did before the accident 
and the piston has since stood several 
years of service. 

RALPH WILLIAMS. 

Dallas, Texas. 





Corrosion of Wrought Iron and 
Steel Pipe 





I tind on page 386 of the March Io 
number a condensed description of a 
paper I read before the American So- 
ciety of Heating and Ventilating Engi- 
neers at New York City last January, 
and I desire to draw your attention to the 
fact that you seem to have slightly mis- 
construed my meaning in a few places. 
For instance, you state that the samples 
of corroded pipe which I received from 
the trade for examination look bad for 
steel pipe. Perhaps they do, but they look 
just as bad, or perhaps a little worse, for 
wrought-iron pipe. My reasons for this 
statement are as follows: 

First, about 80 per cent. of the pipe put 
on the market during the last few years 
is steel pipe; the other 20 per cent., or 
thereabouts being wrought-iron. Assum- 
ing that the life of steel pipe is equal to 
the life of wrought-iron pipe, it seems 
rational to expect that out of ten samples 
received, eight of them should be steel pipe 
and two of them wrought-iron. 

If it were only steel pipe that is short 
lived, then we would expect that all the 
corroded samples I received would be 
steel. But they did not turn out to be so, 
for only six were steel and four were 
iron, showing that I received a higher per- 
centage of corroded wrought-iron pipes 
than steel pipes in proportion to the amount 
of iron and steel piping on the market. 
This does not look bad for steel but it 
looks bad for wrought iron. 

Second, on weighing the total amount 
of metal lost by corrosion of the several 
samples of steel pipe which I tested in the 
I. S. C. building, I found that the steel 
pipe lost, as you suggest, somewhere 
around 3 per cent. more metal than the 
wrought-iron samples, and this, you say, 
looks bad for steel pipe. At first glance 
it does, but you will observe that the 
wrought-iron samples were pitted so 
much deeper than the steel samples that 
the steel pipe showed itself to be more 
durable than the wrought-iron pipes in 
the test referred to. 

It may not be out of place to state that 
the pipes tested: were the ordinary iron 
and steel pipes so commonly used in the 
construction of steam and hot-water heat- 
ing systems and sold in large quantities 
by all jobbing houses. They were not pre- 
pared in any way for the test, but were 
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picked up at random, threaded, and put 
in like any other piece of pipe. 
Tuomas N. THOMSON. 
Scranton, Penn 


Referring to the article on the relative 
corrosion of wrought-iron and steel pipe, 
on page 386 of the March 1o number, the 
rate of corrosion of the experimental 
pieces of pipe at Scranton would undoubt- 
edly depend on the relative positions of 
the different kinds of metal; for the dif- 
ferent pieces would be poles of a set of 
galvanic batteries unless special care was 
taken to electrically insulate the pieces 
from one another. Perhaps this was done; 
but it is not mentioned in the article. 

The most recent, and what seems to be 
the most generally accepted explanation of 
the different speeds of rusting of iron and 
steel, is based on the uniformity of distri- 
bution of the “impurities” of the metal 
(especially manganese). The best and 
most complete discussion of this is given 
by Dr. Allerton S. Cashman, in Bulletin 
No. 30, Office of Public Roads, United 
States Department of Agriculture. He 
shows conclusively that the spots contain- 
ing respectively an excess and a deficiency 
ef certain elements, form positive and 
negative poles of an electrolytic system; 
and the electrolysis set up between these 
poles greatly increases the speed of rust- 
ing. It is not, primarily, a question be- 
tween wrought iron and steel but rather 
a question of care in the production of 
either metal. The more uniform and 
perfect the distribution of manganese, 
phosphorus, etc., the slower will be the 
rusting. Iron and steel manufacturers are 
said to be giving this question serious 
attention from the above point of view. 

C. D. Demonp. 

Anaconda, Mont. 





Poor Draft 





Our chimney was 125 feet high; ow- 
ing to poor draft we were obliged to run 
two boilers continually. We raised the 
chimney 10 feet and then for years had 
to use but one boiler for the same work. 

A year ago we added another building, 
also a large boiler. We raised the stack 
with sheet steel the same size and shape 
as the lining of the chimney, 15 feet. 
The flue is 36x14 inches, and as it now 
stands is 150 feet high, making the stack 
50 feet above the surrounding buildings. 
The longest way of the flue is east and 
west. When the wind blows from the 
north or south we have very poor draft; 
when from the east or west, extra good. 
It has always been so. 

What can be done to make the draft 
equal at all times? 

E. Mutca, 

Boston, Mass. 
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The Conservation of Power Resources 


Discussion of the Available Sources of Power; Protest against Fuel 
Waste; Future Dependence upon the Water Powers of the Country 





BY H. 


Without disparaging other aspects of 
our progress, it is not too much to say 
that our time is pre-eminently the Age 
of Power. Rapidly as our population ad- 
vances, it is outrun by metal production, 
and that in turn by machine building; yet 
our most rapid progress—the feature in 
which our advancement exceeds all others 
—is in the development and use of power. 


WatTER POWER 


In the first, power was produced di- 
rectly by natural forces, such as falling 
water and wind, and its use necessarily 
was limited to those places where these 
natural forces were found. This led to 
‘the early growth of industrial communi- 
ties in such favored localities, as is illus- 
trated by the prosperity of the early manu- 
facturing establishments of New England 
grouped about easily available water 
powers. This might be called the period 
of water powers and in this country it 
held ascendency in the manufacturing in- 
dustries until about 1870. 

The second phase was characterized by 
the development of the steam engine, 
which rendered practicable the utiliza- 


tion of the stored energy in fuel as a 


source of power. During this period the 
development of coal mines and rapid 
growth of our railway systems imparted a 
tremendous stimulus to commercial enter- 
prise. Proximity of water powers was 
no longer controlling and factories were 
established at points selected. by reason 
of the availability of raw material, labor, 
transportation facilities and markets, as 
well as power supply. As in the first 
period, however, the power necessarily 
was used where developed and the size 
of the plant was limited to the require- 
ments of the individual user. 


ELectric Power 


Electrical transmission of power is the 
new art which now is resulting in another 
and radical change in methods of utiliz- 
ing our power resources, permitting, as 
it does, development whether by water 
power or by steam at points most con- 
venient and economical, and transmission 
to the consumer in form adapted to great 
variety and convenience and use. This 
new development in applied science calls 
for re-appraisement of the sources from 
which our power is derived. The size of 


*Consulting electrical engineer, New York. 
Abstract of address at the conference on the 
Conservation of Natural Resources, Wash- 
ington, D. C., May 13, 14 and 15, 1908. 
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the power plant is no longer limited to the 
requirements of the individual user, but 
the power for entire communities can be 
supplied from a single station. The en- 
largement of this field of work newly 
opened by the electric transmission of 
power from great distances is now in 
active and practical development. As ‘a 
result rapid changes are taking place in 
the methods of using power. New econo- 
mies are possible of accomplishment and 
the resulting effect upon the conservation 
and utilization of our power resources is 
of the greatest importance. 


FueL Supply 


Where power is developed from the 
combustion of coal, wood, oil or gas, our 
natural resources as such are destroyed 
and they cannot be replaced, excepting to 
a limited extent in the case of wood and 
similar products. The supply of natural 
oil and gas is limited and uncertain and 
the amount available is required for 
special industries. The coal production of 
the United States for the year 1906 was 
414,157,278 tons; ‘for 1907, about 450,- 
000,000 tons. If the production of anthra- 
cite is continued at only its present annual 
rate the supply will be exhausted in 
seventy years. Since the beginning of our 
coal industry the production has doubled 
approximately every ten years. Assuming 
that this rate of increase cannot be main- 
tained, but will become constant in about 
I50 years, it is estimated that the supply 
of bituminous coal will be exhausted in 
approximately 700 years.+ But that the 
coal production should become constant 
even 150 years hence, implies that our in- 
dustries must become stationary, unless 
other power resources are found. 


AVAILABLE WATER POWERS 

Where power is derived from water, 
winds and tides, only energy otherwise 
wasted is used. The energy thus ex- 
tracted is added to our assets instead of 
being a permanent loss as is the case with 
the combustion of coal. In the aggregate 
the available water powers of the nation 
greatly exceed the present power require- 
ments, but unless there is some curtail- 
ment in the rate of our development, our 
water-power resources will not of them- 
selves solve the problem of our future 


+“How long will our coal supplies meet 
the increasing demand of commerce?’ By 
Edward W. Parker. U. S. Geological Survey. 
Presented to the American Society of Me- 
chanical Engineers, 1907. 
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supply of power. The power of Niagara 


' Falls has been estimated, by Prof. W. C. 


Unwin, at 7,000,000 horse-power. <A par- 
tial estimate of the water powers of the 
upper Mississippi river and_ tributaries 
places the available water power at about 
2,000,000 horse-power. The southern Ap- 
palachian regions can furnish a minimum 
of nearly 3,000,000 horse-power.t Both 
of these estimates can be greatly increased. 
by including the use of regulation reser- 
voirs and auxiliary steam plants. The 
water powers of New England are more 
fully developed than elsewhere in the 
country, though much remains yet to be 
done. In the Rocky mountains and the 
far West there are immense water-power 
possibilities; in the State of Washington 
alone there are 3,000,000. horse-power 
available.** It is probable that the water 
power in the United States exceeds 30,- 
000,000 horse-power, and under certain 
assumptions as to storage reservoirs this 
amount can be increased to 150,000,000 
horse-power or possibly more. 

Using the smaller figure of 30,000,000 
horse-power as an illustration, to develop 
an equal amount of energy in our most 
modern steam-electric plants, would re- 
quire the burning of nearly 225,000,000 
tons of coal per annum, and in the aver- 
age steam-engine plant, as now existing, 
more than 600,000,000 tons of coal, or 50 
per cent. in excess of the total coal pro- 
duction of the country in 1906. At an 
average price of $3 per ten it would re- 
quire the consumption of coal costing 
$1,800,000,000 to produce an _ equivalent 
power in steam plants of the present gen- 
eral type. 

TotaL Power Usep IN UNITED STATES 

Using the data furnished by the census 
returns of 1900, 1902 and 1905 as a basis 
and applying the prevailing rate of in- 
crease in the industries included in these 
reports, and adding an equivalent amount 
for the steam railroads, it is estimated that 
the total installed capacity of prime mgv- 
ers in all our land industries for 1908 
approximates 30,000,000 horse-power.*** 

The average load on steam and other 


t“Water Powers of the Upper Mississippi 
and Tributaries,” and “Water Powers of the 


Southern Appalachian System,” by M. 0. 
Leighton. chief hydrographer, U. S. Geo- 


logical Survey. 

**Computed by E. G. Moorhead, in The 
World’s Work, April, 1908, p. 10,091. 

***The following table compiled from the 
latest census returns gives the installed ca- 
pacity of prime movers in the United States 
in the industries named at the dates men- 
tioned : 








May 26, 1908. 


rated 


engines is much less than their 
capacity and, owing to the overlapping of 
loads, it is probable that the total average 
load does not exceed one-third or one- 
quarter of this amount. 


“Rate oF INCREASE 


During the past thirty years the total 
amount of power used in our manufac- 
tories and other industries, as recorded 
by the census, has doubled approximately 
every ten years. The fact that substan- 
tially the same rate of increase has existed 
in coal production, railroad gross earn- 
ings, freight ton-mileage, passenger mile- 
age and the value of agricultural prod- 
ucts as well as in total power consump- 
tion is a striking demonstration of the 
close inter-relation and mutual dependence 
of these great factors which, in the aggre- 
gate, measure the industrial progress of 
the nation. Yet the records of power used 
in small units are far from complete. 


RELATIVE USE OF STEAM, WATER POWER, 
ETC. 


Of the total estimated power at present 
produced by prime movers, about 26,- 
000,000 horse-power is produced by steam 
engines, 3,000,000 horse-power by water 
motors and 700,000 horse-power by gas 
and oil engines. 


GROWTH OF ELECTRICALLY APPLIED POWER 

Of the total 30,000,000 horse-power, in- 
cluding the railroads, used in the country, 
it is estimated that 9,000,000 horse-power, 
or 30 per cent., is now utilized elec- 
trically.* This remarkable growth was 
accomplished in twenty-five years. The use 
of electric power at the present time is 
being doubled approximately every five 
years, as contrasted with the phenomenal 
doubling of the total power every ten years. 
If the present rate of increase is main- 
tained, electrically applied power will 
equal or exceed the power mechanically 
applied in 1920. The significance of this 
remarkable increase in the use of electric 
power in manufactures and other indus- 
tries lies in the market thus provided for 
the utilization of our water powers wher- 
ever located and whatever their magni- 
tude. 


Economies Due To: ELectric POWER 


Where coal is the source of power, elec- 
tric transmission and distribution greatly 


Installed 

Horse-power. 

Manufactures, census 1905...... 12,765,594 
Mines and quarries, census 1902 2,753,555 
Street railways, census 1902..... 1,359,289 


Electric Boe and power stations, 


COME Tis oo bo 0.40 0466 200904 1,845,048 
Telephones, telegraph and _fire- 

alarm systems, census 1902.... 3,148 
Custom flour, grist and saw mills, 

census 1900 (omitted from cen- 

| Pe eA 883,685 
Steam railroads, data from sta- 

tistics of railways, 1905, equiv- 

RE DE oc 666650 baeawRe 3,750,000 


*This does not include the electric power 
generated in isolated plants and used for 
other purposes than manufacturing. These 
plants are not included in the census re- 
ports, and while they are individually small 
the aggregate electric power developed is 


large. 
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reduce the amount burned to perform 
given mechanical work. This results from 
the substitution of a few large and highly 
efficient boilers and engines for a larger 
number of relatively small and uneco- 
nomical ones and from the introduction 
of plant economies and skill in operation 
not attainable in the smaller plants. A 
material saving is effected also in the ap- 
plication of the power directly to the 
work through motors instead of indirectly 
inefficient countershafting and 
belting. 

A further material gain also results 
from the fact that a large plant carrying 
the load formerly carried, for example, by 
100 small plants is operated under condi- 
tions more nearly approximating uni- 
formity of load and therefore at» higher 
economy. 

Greater economy can be obtained, even 
im our large plants, through the more gen- 
eral use of so-called fuel economizers, 
superheated steam, higher vacuum and 
better combustion under the boilers. We 
may expect still higher efficiency from the 
development of larger boiler and engine 
units. These economizing appliances, 
which are relatively unimportant in small 
plants, become of great importance in 
large plants, and will have still greater 
influence on steam practice as the price of 
fuel increases and the cost of capital de- 
creases. 


FueLt Economy or GAs ENGINES 


This discussion would be incomplete 
without mention of the great possible fuel 
economy that may result from the use of 
gas and other similar engines. Though 
engines of this character antedate the use 
of the electric motor, their development 
has been slow, and they occupy a rela- 
tively unimportant place as power pro- 
ducers. The ordinary steam engine util- 
izes not more than 4 or 5 per cent. of the 


- heat energy in coal, and our best modern 


steam-electric plants show a heat effici- 
ency not exceeding 10 or 12 per cent.? 
With the gas engine and producer gas the 
heat efficiency can be more than doubled, 
and still higher efficienzy seems probable 
with higher compression or through the 
use of other possible improvements.t 
This is a most promising field for develop- 
ment and it is entirely possible that the 
gas engine may revolutionize our methods 
of using fuel for the production of power. 

Beyond these gains, which may be con- 
sidered well within the limits of possible 
attainment by present knowledge, there 
stands the theoretical prospect of still 
greater economies, the possibility of which 
cannot be denied so long as methods em- 
ployed in developing energy from coal 
results in a waste of from 75 to 95 per 
cent. of the potential energy which nature 





+“Power Plant Economies,” by Henry G. 
Stott, presented to the American Institute 
of Electrical Engineers, January, 1906. 

tReport of F. W. Burstall to the Gas En- 
ine Research Committee of the (British) 
nstitution of Mechanical Engineers. 
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has stored in the coal. But the science 
of the present time does not permit us to 
assume any radical increase in efficiency 
of fuel engines beyond the limits which I 
have indicated, and our only safe course 
is to base our estimate upon the progress 
of the present time with such reasonable 
allowance for improved economy as is 
dictated by recognition of progress of the 
art along lines now within the horizon of 
possible science. 

Where several water powers along a 
stream are developed it becomes possible 
to utilize, in conjunction with the larger 
and more cheaply developed powers, 
others which, considered independently, 
could not be utilized to advantage, 


APPLICATIONS OF ELECTRIC Power 

Prior to 1870 the use of water power in 
manufactures exceeded that of steam 
power. Water power expressed in per- 
centage of the total power employed has 
since steadily declined, falling from 48.3 
per cent. in 1870 to 11.2 per cent. in 1905. 
During the corresponding period steant 
power increased from 51.8 per cent. in 
1870 to 78.2 per cent. in 1900. The census 
of 1900 showed a marked falling off in the 
rate of increase in the percentage of steam 
power used as compared with the rate 
prior to 1890, and this was accentuated in 
the census of 1905, when the percentage 
of steam power fell to 73.6 per cent. of the 
total. This check to the ascendency of di 
rectly applied steam power was due to 
the introduction of electric power. In 
1890 electric power was negligible. In 
1900 it constituted 4.8 per cent. of the 


total. In 1905 this had increased to 11.8 
per cent.—a marvelously rapid growth 
when the aggregate increase of over 


1,000,000 horse-power in five years is con 
sidered. If the present rate of increase 
prevails until 1910, electric power will have 
reached 18 per cent. of the total and steam 
power will have dropped to 68 per cent. If 
the same rate of increase is maintained 
until 1930, electric power as applied to the 
manufacturing industries will exceed the 
amount of steam power applied direct. 
The increasing use of power is phe 
nomenal; the steam engine as a source of 
power is thus far paramount in them all, 
but the percentage of electrically applied 
power is increasing at nearly double the 
rate of increase of the total power used. 


ELectric LIGHTING 


The extraordinary growth of the elec- 
tric-lighting industry is familiar to all. 
Unfortunately the results of the special 
census of 1907 are not yet available, but 
the indications are that the five years that 
have elapsed since the previous census 
will show phenomenal growth. During 
these five years the gross sales of the 
great electric manufacturing companies 
have doubled, and the proportion of the 
output consisting of electric-power ap- 
paratus and generating units of large size 
has greatly increased. An influential fac- 
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tor in the growth during this period has 
been the rapid development of long-dis- 
tance hydroelectric transmission plants. 


ELectric RAILWAYS 


Since the displacement of horse and 
cable cars in the cities a few years ago, 
electric railways have been extended to 
suburban and interurban districts and are 
rapidly forming a network over the en- 
tire thickly settled portions of the coun- 
try. In the nature of their traffic many 
of these roads are scarcely distinguishable 
from steam railroads, and many railroads 
are using them as feeders. In a few cases 
railroads have converted steam-operated 
branches into electric lines. 


ELECTRIFICATION OF STEAM RAILROADS 


A beginning is being made in the elec- 
trification of our steam railroads. The 
New York Central, the Pennsylvania, the 
Long Island, the New York, New Haven 
& Hartford, the Grand Trunk, the North- 
ern Pacific, the Erie, the Southern Pacific 
and others have electrified portions of 
their lines, arid most of these are now in 
successful operation. Many of these roads 
are extending the electric zone. Thus far 
most of this work has been induced by 
terminal requirements, tunnels, heavy 
grades or other special conditions which 
emphasize the advantages to be derived 
from electric operation. The increase in 
capacity, convenience and greater earning 
power as well as the economies resulting 
from electric operation will stimulate the 
electrification of steam railroads, just as 
these factors have stimulated the use of 
electric power in other industries. The 
problem presented is larger because of the 
necessity of interchangeability of equip- 
ment, and the development must neces- 
sarily be gradual on account of the magni- 
tude of the interests and the large capital 
expenditures involved. The railroads are 
among the largest consumers of fuel, and 
electric operation, exclusive of the use of 
water powers, would reduce the coal con- 
sumption to less than one-half of that re- 
quired for similar operation with steam 
locomotives.* 


TENDENCY TOWARD GREATER USE OF 
WATER POWERS 


During the past few years, there has 
been renewed interest in water powers on 
account of the practicability of their use 
for the generation of power and the elec- 
trical transmission of this power to dis- 
tant markets. The great hydroelectric de- 
velopment at Niagara was the first large 
enterprise of this character and has 
demonstrated its practicability. The cen- 
sus of 1905 gives a partial list of long- 
distance hydroelectric plants developing 
power aggregating 600,000 horse-power, 
and this list can now be largely increased. 


*“On the Substitution of the Hlectric 
Motor for the Steam Locomotive,” by Lewis 
B. Stillwell and H. St. Clair Putnam, pre- 
sented to the American Institute of Elec- 
trical Engineers, January, 1907. 
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Our most desirable water powers are be- 
ing absorbed rapidly, and it becomes im- 
portant, therefore, for us to take stock of 
our water resources and formulate plans 
for their control and proper utilization. 


INLAND WATERWAYS 


In the improvements that have been 
made on navigable rivers, too little atten- 
tion has been given to the development of 
the incidental water powers. On some 
waterways, as in several instances on the 
Mississippi, immense sums of money have 
been appropriated and expended on espe- 
cially difficult portions of the river. If 
this money could have been made avail- 
able in large amounts, instead of by drib- 
lets over periods of many years, water 
powers of great value could have been de- 
veloped and the navigation effectively and 
permanently improved. Unfortunately this 
has not been our policy. Too often the 
appropriations have been inadequate for 
carrying out the work as it should be done 
and frequently the work has not followed 
any well-digested plan. 

With the data at hand, it is impossible 
to make an accurate estimate of the 
amount of power that can be developed 
incidentally to river navigation. A par- 
tial estimate of the power developed at 
existing Government locks and dams 
places the amount at 1,600,000 horse- 
power.t+ This is based on the mean low- 
water discharge for three months. This 
subject should receive careful considera- 
tion. Improvements in navigation should 
be made only after thorough study of the 
possibilities of power development. - On 
the other hand, many water powers are on 
streams that are navigable, or are capable 
of canalization, and these streams should 
be developed for power purposes only 
after careful examination has been made 
of the possibilities of the stream form- 
ing a link in the system of inland water- 
ways. 


REGULATION OF STREAM FLow 

The flow of water in many streams 
annually fluctuates between wide limits. 
The low-water periods limit the profitable 
water-power development and the high 
periods often cause disastrous floods. On 
most streams the average rate of flow 
for the year is many times the minimum 
flow. ._ It is possible in some cases to 
utilize a flow approximating the average 
by constructing controlling reservoirs on 
the headwaters of the stream. Our Great 
Lakes form a natural reservoir of this 
character for the Niagara river. The 
upper Mississippi has great natural reser- 
voirs which assist in regulating its flow 
and which easily can be made very effec- 
tive in its control. The notable floods of 
the Ohio river can be greatly reduced by 
the construction of controlling reservoirs 
on its headwaters which will result in the 


- 


+“Avallable Water Powers of United States 
Government Locks and Dams,” collected by 
: Leighton, United States Geological 
urvey. 
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saving of millions of dollars now annually 


wasted. On a stream which I recently 
investigated the minimum flow furnishes 
but 200 horse-power. The construction 
of a storage reservoir increases the con- 
tinuous 24-hour power that can be utilized 
to 8000 horse-power. If storage reser- 
voirs could be constructed on the Susque- 
hanna river, upon: which a great water- 
power development is now in course of 
construction, so as to obtain a uniform 
flow throughout the year, the available 
power at this site would be increased from 
a minimum of 30,000 horse-power to 200,- 
000 horse-power. While it is impractica- 
ble to construct reservoirs capable of hold- 
ing back all flood waters it is neverthe- 
less certain that material gain would re- 
sult from well-directed efforts along the 
lines suggested: 


IRRIGATION 


In many cases water could be utilized 
for developing power on the headwaters 
of the streams without injury to the irri- 
gation interests, as is illustrated by the ex- 
cellent work now being done by the Re- 
clamation Service. The development of 
water power will introduce another party 
whose self-interest dictates the use of 
every available method of preserving the 
volume of water supply, its continuity and 
regularity of flow. 


IMPORTANCE OF PoWER RESOURCES 


In 1905 the value of the product of our 
manufactures amounted to $16,866,706,- 
985; the total receipts of the steam rail- 
roads were $2,325,765,167. 

In manufacturing, the value of the prod- 
uct was $1152 for each horse-power in- 
stalled and the yearly wages amounted to 
$248 per horse-power. 

In the railroad industry, the gross re- 
ceipts amounted to $555 and the yearly 
wages to $224 per horse-power, rated on 
a basis comparable to that used in the 
census report covering manufactures. 

Where it is necessary to place a dam 
across a stream to develop power, the 
slack water so produced, with the addi 
tion of locks, renders otherwise impas 
sable stretches of river available for navi 
gation. Every water-power development 
is vitally interested in obtaining a uniform 
flow of water. This exactly meets the re 
quirements of navigation. The approxi 
mate realization of regularity of flow can 
be attained the construction of 
headwater-regulating reservoirs and the 
preservation of our forests. Every water 
course that is improved for the produc- 
tion of power and for navigation pro 
duces, therefore, vigorous self-interested 
allies in the cause of forest preservation, 
headwater regulation and the maintenance 
of conditions which are favorable to both 
interests. 


only by 


CANALS 
Heretofore, canals built fer transporta- 
tion purposes have not been used, to any 
great extent, for the development of 
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has been on 


In some cases this 
account of the limited supply of water, 
but more frequently it has been due to 


power. 


the great difficulty experienced by the 
animals in towing boats against the rapid 
current produced in the canal by the flow 
of water to the water-wheels. With elec- 
tric towing the increase in the rate of 
current flow introduced by the develop- 
ment of water power on the canal is not 
a serious impediment to navigation. 


AUXILIARY STEAM PLANTS 


On account of the great annual fluctua- 
tions now existing in stream flow it has 
been found profitable to install steam 
plants, supplementing the water power dur- 
ing seasons of low water. This method, 
on account of its expense, greatly handi- 
caps the full development of our water 
powers and increases the amount that 
must be charged for the power. Under 
given conditions the most profitable 
amount of water power to develop and 


the best size of steam plant to install can ° 


be determined with great accuracy. The 
reserve steam station need not be located 
at the water power; in fact, it preferably 
should be located at or near the market 
for the power when that is distant, as 
greater reliability and continuity of power 
supply is thus secured. Headwater regu- 
lation would greatly reduce the necessity 
for such auxiliary steam plants. 

Similarly the water power which can be 
purchased economically by a prospective 
customer who already has a steam plant 
in operation can be accurately determined. 
This amount depends upon the relative 
cost of generating different portions of 
the load by steam as compared with the 
amount charged for the water power sup- 
plied. In its economical application this 
method of operation works out so that 
the water-power plant carries the steady 
portion of the load where the coal con- 
sumption per horse-power capacity is 
greatest, and the steam plant is called 
upon to carry the peaks only where the 
coal consumption per horse-power is least. 


INTERCONNECTED PLANTS 


In addition to their reserve function in 
time of low water or flood auxiliary steam 
plants and interconnected plants are 
valuable as insuring the continuity of 
power supply. If the lines are run over- 
head, as they must be for long-distance 
transmission in the present development 
of the art, all electric-transmission plants 
are subject to occasional short interrup- 
tions due to storm, lightning or malicious 
mischief. It is economical and desirable 
to tie together two or more plants, thus 
greatly increasing the reliability of ser- 
vice. If one plant or transmission line 
fails the others can be pushed to take the 
‘oad. From an engineering standpoint, 
and from the standpoint of the engineer 
is well as the power producer, this 
method of operation has great advantages. 
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NECESSITY OF GOVERNMENT REGULATION 

Power and transportation are the two 
great physical bases upon which modern 
industrial development Without 
power our methods of _ transportation 
must revert to a level with those existing 
in China. Up to the present time while 
Nation and State have regulated, and in 
some degree aided, in the development of 
transportation the power resources of the 
country have been utilized or wasted by 
the private individual and the corporation 
with little hindrance and still less assist- 
ance from the constituted authorities. 
Next to individual enterprise the most 
essential factor in the development of our 
national resources is wise governmental 
regulation so applied as to insure the 
vigorous working of individual initiative 
and at the same time prevent the waste 
by individuals of that which is vital to 
our national welfare, and to secure in the 
utilization of natural the 
highest degree economy 
which scientific knowledge and engineer- 
ing skill can attain. 


rests. 


our resources 


practicable of 





Parallel Operation of Direct 
Current Generators 


3y H. R. Mason 


General instructions concerning the cut- 
ting in and out of electrical generators in 
parallel with others are quite simple, but 
circumstances frequently arise which de- 
mand modifications of any specific rule 
that may be formulated, and some instal- 
lations actually require a considerable 
amount of ingenuity to be exercised when 
getting generators in or out of service 
without causing irregularities. These 
modifications must be very carefully and 
intelligently worked out to fit the in- 
dividual case, or they may lead to worse 
troubles than those which they are in- 
tended to prevent. However, almost every 
power station of considerable size will be 
found to require them, and they must be 
planned out in advance, for when the 
time comes for applying them there is 
usually no time to be lost in experiment- 
ing or debate. 


CuTTING-IN COMPOUND GENERATORS 


In direct-current service compound field 
windings are almost always used on the 
generators, which is a great aid in auto- 
matically adjusting inequalities in voltage 
and load when machines are operated in 
parallel. It is safe to permit compound 
generators to be cut in together if the 
voltage is within 1 or, perhaps, 2 per 
cent. of equality, but except in special 
cases a greater difference will cause fluc- 
tuations in voltage, excessive sparking at 
the brushes, “flashing over’ between 
brush-holders, or reversal of polarity of 
the generators, according to the sensitive- 
ness of the generators and the amount of 
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difference in voitage; particularly if the 
voltage of the incoming generator is be- 
low that of the bus-bars, as the current 
through its series field winding may then 
become reversed, almost instantly lower- 
ing its voltage still further until the flow 
of current from the bus-bars causes the 
circuit-breakers to open. The circuit- 
breaker on the incoming generator will 
usually open first, but the flow of current 
from the other generators increases so 
fast that the almost invariable result is 
that their circuit-breakers are tripped in 
the brief time before that on the incoming 
machine can interrupt the current. 

In smaller installations a_ three-pole 
switch is usually provided for each gen- 
erator, the two outside connections being 
the positive and negative, and the middle 
connection leading to the equalizer bus- 
bar, but in most cases generators larger 
than 100 or 200 kilowatts are equipped 
with three separate single-pole switches, 
the positive and negative switches being 
mounted on the main switchboard and 
the equalizer switch placed on a small 
panel or stand near the generator to avoid 
running the cable to the switchboard, and 
also to make the resistance of the equal- 
izer circuit as low as possible. The equal- 
izer switch, being out of sight from the 
switchboard, is sometimes forgotten and 
left open when cutting in parallel with 
other machines. This always results in 
immediate and serious trouble, either by 
the generator assuming all the load that 
the prime mover can pull, if its voltage 
is a trifle high when cut in, or, if it is 
lower than the bus-bar voltage, by cur- 
rents flowing back from the bus-bars and 
reversing the polarity of the generator 
field magnet. The cause for these actions 
is the series field winding. In the one 
case the generator begins to send current 
through the series field coils to the bus 
bars, increasing the field magnetism and 
thereby causing more and more current 
to flow, until either the limit of the gen- 
erator’s capacity is reached or the circuit 
breaker opens. 

In the other case current begins to flow 
backward through the series field wind 
ing, partly counteracting the effect of the 
shunt field winding and decreasing the 
magnetism and dependent voltage with 
increasing rapidity until the reverse cur- 
rent through the generator is great 
enough to cause the safety devices to act. 
These changes take place so quickly that 
the operator has no chance to correct his 
mistakes before the limit of damage is 
done. If the equalizer switch is left closed 
after stopping the unit, it is likely to cause 
unpleasant surprises to attendants under- 
taking to clean or repair anything about 
the generator or its switchboard appara- 
tus, especially if any other part of the 
circuit is grounded. 


INTERESTING EXAMPLE CITED 


These features 
turned to advantage. 


may sometimes be 
In a certain railway 
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power station there were several genera- 
tors of about 1000 kilowatts capacity each, 
which had rather weak shunt field wind- 
ings and were highly over-compounded to 
compensate for a large feeder drop at 


heavy loads. When the generators were 
running at normal speed with no load 
and all resistance cut*out of the shunt 
field circuit, the voltage would not rise 
higher than 540, while with full load the 
bus-bar e.m.f. rose to about 625 volts, due 
to the séries field windings. Hence, when- 
ever it was necessary to cut in additional 
machines the bus-bar voltage had to be 
greatly reduced to accomplish it in the 
usual manner. This caused complaints at 
times, as light was furnished to various 
offices, shops, and summer gardens, and 
the period of low voltage frequently lasted 
several minutes, for there were sometimes 
in service a dozen generators, large and 
small, all of which had to be regulated. 
The large generators were the ones which 
gave the trouble in cutting in, and they 


Feeders in Parallel on Lighting 
aud Power Distributing Mains 
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erator about to be put in service raised 
its voltage enough to make it easy to cut 
in by closing the remaining switch, when 
normal conditions were immediately re- 
sumed with a minimum of delay and volt- 
age disturbance. 


WHERE STATIGNS ARE WIDELY SEPARATED 


In the case of two or more stations a 
considerable distance apart, operating in 
parallel on the same set of direct-current 
service mains or trolley wires, the volt- 
age of a station about to be cut in may 
safely be considerably above that of the 
feeders running from the station if the 
load is heavy and there is a large amount 
of feeder drop, but it must not be higher 
than that of the nearest station, unless it 
is desired to assume the greater portion 
of the load. The station when cut in will 
only affect the voltage in its immediate 
vicinity, and will take up a share of the 
load proportionate to its voltage and the 
carrying capacity of the feeders. 


Negative Bus Bar 
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on Station A either to raise the direct- 
current or lower the alternating-current 
voltage, and, as neither was practicable, 
he was instructed to ignore the difference 
in voltage and cut in his rotaries at a 
little below his normal direct-current 
voltage. He protested, but the operator 
at Station A had authority over Station 
B, and the only result was that Station B 
resumed a part of its load rather sud- 
denly. Great care must be exercised, how 
ever, in putting two stations in parallel 
on light loads or feeders of low resist- 
ance, for they will act much the same as 
two generators having no equalizer, and a 
slight difference in voltage will cause the 
station having the higher voltage to re- 
verse the polarity of the generators in the 
other station. 


WHEN ALL THE CIRCUIT-BREAKERS ARE 
THROWN OUT 

It occasionally happens that all of the 

generator circuit-breakers in a station of 
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had separate switches for the positive, 
negative, and equalizer leads. An operator 
finally originated a scheme which ended 
all cause for complaint by the following 
system of cutting in: 

The engine being brought up to rated 
speed, the resistance was all cut out of the 
shunt field circuit, raising the voltage to 
about 540 volts. Then the circuit-breaker 
was closed. Then the equalizer switch 
was closed, and also the switch leading 
from the series field-magnet winding to 
the bus-bar. This allowed current to flow 
from the other generators to the bus-bar 
through the equalizer and the series field- 
magnet winding of the generator about to 
be cut in. This, by diverting part of the 
current from the series windings of the 
other generators lowered the bus-bar volt- 
age slightly, affecting all the machines 
about alike, while the current through the 
series field-magnet winding of the gen- 
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DIAGRAM A RAILWAY STATION 
An example of trouble from ignorance 
of this occurred recently. Two stations, 
which may be designated A and B, about 
two miles apart, were operated in parallel 
on a heavily loaded set of 480-volt direct- 
current power and lighting mains. Through 
an accident all of the circuit-breakers were 
knocked out at Station B, which was 
equipped with rotary converters supplied 
with alternating current from Station A, 
and its load was thrown upon the direct- 
current generators in Station A. The 
direct-current voltage was immediately 
raised above normal at Station A, but the 
resistance of the feeders caused the volt- 
age of the mains near Station B to drop 
to about 350 volts. The voltmeter on the 
bus-bars at Station B indicated this, and 
the operator wasted minutes of 
exceedingly valuable time to trying to re- 
duce the voltage of his rotaries to that 


He called 


several 


of the mains before cutting in. 
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considerable size’ will be thrown out at 
the same time. This is particularly liable 
to happen at the most inopportune hour, 
just when the heaviest loads are being 
carried. The generators being heavily 
loaded, the swing due to a short-circuit 
which would otherwise do no_ special 
harm,. carelessness or bad judgment in 
cutting in an additional unit, the sudden 
failure of an engine valve to admit steam 
properly, or any one of numerous other 
causes, may result in current being cut off 
from the bus-bars. If by any chance the 
circuit-breaker on one generator should 
open, throwing its load upon the others, 
they are almost certain to follow. In a 
station having from three to a dozen or 
more large wnits, such a situation de- 
mands great coolness onthe part of th: 
operator. 

The first thing to do is to make sure 
that all of the circuit-breakers have 








May 26, 1908. 


opened,-and if any have failed to do so, 
the load on those generators must be re- 
duced immediately to what they can safely 
carry, or if that is impossible, the circuit- 
breakers must be tripped out by hand. 
Then the positive and negative switches 
must be opened on all the generators 
whose circuit-breakers are out, leaving 


the equalizer switches closed, and the cir- 
cuit-breakers must be reset. In a station 
supplying isolated feeder sections, it is 
usually best to open enough of the feeder 
circuits so that the first generator cannot 
be unreasonably overloaded before the 
second one can be cut in. As each suc- 
cessive generator is cut in, more feeders 
may be put in service until the entire sys- 
tem is again in operation. Railway plants 
are usually best handled in that manner, 
as the feeders are more or less indepen- 
dent of each other. When all the feeders 
running from a station are in parallel, it 
is not safe to attempt to reduce the load 
by cutting out feeders, .because cutting 
out one set will merely overload another 
set without reducing the load much, and 
may lead to worse troubles due to the 
overloading. 


WHEN FEEDERS ARE IN PARALLEL 


When the feeders are all in parallel and 
the load is heavy and cannot be reduced, 
as in the case of a large commercial light- 
ing or power station, it is evident that if 
all the generators are knocked out no one 
generator will be able to hold the load 
long enough to get another cut in. The 
usual procedure in such cases is to close 
the circuit-breakers and the main switches 
between the series field-magnet windings 
and the bus-bar on as many machines as 
are required to hold the load. Then the 
voltages of the machines are carefully 
equalized and the remaining switches 
closed as nearly as possible at the same 
moment, either by great agility on the 
part of the operator, or preferably by the 
assistance of several persons to close the 
switches at a given signal. The necessity 
for coolness, caution, and intelligence in 
handling such emergencies is extreme, for 
time is then limited and if a blunder is 
made, the results are sure to be addi- 
tionally disconcerting, if not really disas- 
trous. On one occasion in a railway plant 
when eight 550-volt generators of a com- 
bined capacity of about 10,000 kilowatts 
were thrown out together by a short-cir- 
cuit opening the circuit-breakers, the 
operator was too hasty, and, seeing four 
or five of the circuit-breakers out, as- 
sumed that they were all out and started 
to “clear the board” by opening the main 
switches. 

It so happened that the circuit-breaker 
on a unit of over 2000 kilowatts capacity 
had failed to work, leaving the generator 
connected to a heavily loaded line hkav- 
ing a short-circuit on it, and he opened 
the switches before he discovered that 


tact. 


The switches did not break the arc 
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when opened, and the operator was so 
badly burned that his sight was despaired 
of, and the switches were completely de- 
stroyed. 





Explosion of an Air Receiver 


By E. E. West 





The reproduced photographs herewith 
are of a locomotive boiler used as an air 











EXPLODED BOILER USED AS AIR RECEIVER 


receiver. It exploded and the explosion 
was caused, it is said, by feeding kerosene 
into the air cylinder for the purpose of 
cleaning the valves, and neglecting to 
blow out the boiler. 

The boiler was old and, as can be seen, 











ANOTHER VIEW OF EXPLODED BOILER 


The crown-sheet and 
plates were thickly coated with oil, and 
several stay-bolts had previously broken. 
The boiler set inside the portal of a tun- 
nel with about five feet of covering over 
the head. The tunnel entrance was de- 
molished and the boiler thrown twenty- 
five feet. The smoke-box was torn from 
the boiler as shown, and the casting 
around the manhole broken in_ several 
pieces. Samples cut from the plate show 
it to be of good material. 


was badly scaled. 
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Semi Annual Meeting of the 
A. S. M. E. 


The semi-annual meeting of the Amer- 
ican Society of Mechanical Engineers 
will be held in Detroit, Mich., June 23 
to 26. An entire session will be devoted 
to papers on the conveying of materials, 
when hoisting and conveying machinery 
including belt conveyers, the use of con- 
veying machinery in cement plants, etc., 
will ‘be discussed. 

Among other subjects which will be 
taken up by professional papers 
“Clutches,” with special reference to 
automobile clutches, by Henry Souther; 


are: 


“Some Pitot Tube Studies,” by Prof. 
W. -B. Gregory, of Tulane University, 
New Orleans, La., and Prof. E. W. 


Schroder, of Cornell University; “Ther- 
mal Properties of Superheated Steam,” 
by Prof. R. C. H. Heck, of Lehigh Uni- 
versity ; Friction 
and Efficiencies of Gas and Oil Engines,” 
Prof. Lionel S. Marks, of Harvard 
University; “A Journal Friction Measur- 
ing Machine,” by Henry Hess, of Phila- 
delphia; “A Simple Method of Cleaning 
Gas Conduits,” by W. D. Mount; “A 
Rational Method of Checking Conical 
Pistons for Prof. G. H. 
Shepard, of Syracuse University, and 
“The By-Product Coke Oven,” by W. H. 
Blauvelt. 

A lecture on “Contributions of Photo 
graphy to our Knowledge of Stellar Evo- 
lutions” will be delivered by Prof. John 
A. Brashear, of Allegheny, Penn. The 
usual receptions will be held and excur 
will be manufacturing 

the shipbuilding yards and va 
rious points of interest in and around De- 
troit. Among the excursions planned is 
one to the University of Michigan, at 
Ann Arbor. The Gas Power Section of 
the society will hold a session, and the 
Society for the Promotion of Engineer- 
ing Education and the Society of Automo- 
bile Engineers will hold a meeting in De- 
troit at the same time. As far as possible, 
sessions will be arranged so that mem- 
bers interested in subjects treated by the 
other societies may attend their sessions 
without missing papers on related sub- 
jects read before their own society. 


“Horse-power, Losses 


by 


Stress,” by 


sions made to 


plants, 





At a meeting of the Pittsburg Alumni 
of Syracuse University, May 4, the situa- 
tion at the university as regards the dis- 
missal of Dean Kent was thoroughly dis- 
cussed and resolutions adopted, declaring 
their confidence in the deposed dean; that 
his reputation has been unjustly dealt with 
summarily, and requesting the executive 
committee of the board of trustees to re- 
consider its action. 





Red lead and glycerin when mixed make 


an excellent material for making tight 


joints on non-metallic matetials—Brass 


World. 
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Effect of Compounding upon 
Cylinder Condensation 


In reviewing the discussion upon the 
paper read by Hon. C. A. Parsons before 
the Institution of Naval Architects The 
Engineer (London) says: 

Once more the old delusion that the 
multiplication of cylinders by reduc- 
ing the range of temperature in each 
promoted economy was brought for- 
ward. It seems strange that in the 
present day it should be necessary to 
point out that there is no trace of 
practical evidence to show that initial 
condensation is less in a triple-ex- 
pansion engine than it is in a com- 
pound or in a compound than it is in 
a single cylinder, while there is the 
most. definite evidence to the con- 
trary, © = * The circumstance 
that the surface and weight of metal 
to be heated and cooled are augmented 
by the use of more cylinders is one 
that is quietly passed over in silence. 
As we have repeatedly pointed out, 
the superior economy of it in, say, the 
quadruple-expansion engine is due to 
the very high pressure and large 
range of expansion the use of which 
it renders practicable. 

It would be hard to account for the in- 
crease of efficiency due to compounding 
upon the simple basis of the higher pres- 
sures and degrees of expansion used. The 
same degree of expansion may be realized 
in a two-stage compound as in a quad- 
ruple by making the cut-off in the high- 
pressure cylinder early enough, but would 
there not be a difference in the efficiency ? 

The heat transfer or “cylinder conden- 
sation” effect in any particular cylinder 
is undoubtedly reduced by dividing the 
temperature range into two or more 
stages; the ultimate saving is’not the sum 
of the reductions, but the difference be- 
tween what it would be in a single cyl- 
inder and what is in the worst cylinder 
of the multiple engine. The steam in pass- 
ing out of a cylinder must carry on to the 
next all the heat which it brought to the 
first except that which has been converted 
into work. If it carried away less the 
heat would accumulate in the first cylinder 
and melt it down; if more the first cyl- 
inder would become an ice machine. All 
the heat lost to the first cylinder as avail- 
able for power production by reason of 
its free fall to the lower temperature is 
passed to the next cylinder as steam of 
the initial pressure of that cylinder, avail- 
able for meeting the initial condensation 
losses over again. The ultimate loss 
from this source then is the greatest con- 
densation which takes place in any of the 
cylinders, not the sum of that which takes 
place in all; and this meets the remark 
about the greater surface and weight of 
metal which are “quietly passed over in 
silence.” 

There is another reason for improved 
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eficiency by dividing the expansion range 
into stages, and that is reduction of leak- 
age. It is likely that leakage past the 
valves and piston is responsible for a 
larger percentage of the difference be- 
tween the steam furnished to an engine 
and that accounted for by the indicator 
than it is usually charged with. The dif- 
ference in pressure between the spaces 
divided by the valves and pistons is con- 
siderably reduced by staging. 





Engine Speeds Controlled by 
Loads 


When an engine is running at a uni- 
form speed from revolution to revolution 
the amount of energy developed per 
stroke must just equal the sum of all the 
resisting energies. The energy may vary 
during the stroke with the varying pres- 
sure in the cylinder, and the varying rate 
of piston travel, and this will result in a 
corresponding variation in the engine ve- 
locity during the stroke, but if the energ\ 
developed is. just equal to that required to 
overcome the internal resistances of the 
engine and the load, the speed will be 
the same at the end as at the beginning 
of the revolution. 

If there is even a little surplus energy. 
the speed of the engine will increase. 

If the energy developed is not equal to 
that of the combined resistances, the en- 
gine will slow down. 

Suppose an engine to be running with a 
given initial pressure and a fixed cut-off 
and back pressure, and compression, the 
mean effective pressure, and thus the 
energy developed per stroke, would be 
fixed, and it would drive at a uniform 
speed a load, the resistance of which in 
combination with that of the engine, 
would exactly equal that of the average 
pressure. 

It would look as though if the load 
were increased a little bit, the engine 
would stop; or if the load were lightened 
ever so little, the engine would commence 
to increase in speed and continue to do so 
indefinitely. As a matter of fact it will 
not. If the load is increased, the engine 
will slow down to some speed which it 
will maintain uniformly; or if the load 
is lightened, the engine will speed up 
uniil it reaches another state of equi- 
librium, and the speed may be varied and 
held to a nicety by the manipulation of 
a brake. 

This is because the mean effective pres- 
sure and the resistance have both changed, 
notwithstanding that the steam-chest pres- 
sure and the point of cut-off and _ the 
pressure under which the engine is ex- 
hausting have remained constant. When 
the load is thrown off under the condi 
tions stated, the engine starts to speed up 
As a consequence the steam is wire- 
drawn between the steam chest and the 
cylinder. The steam line of the diagram 
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falls 


away more than it did before, and 
this affects the pressure, not only up to 
the point of cut-off but for the whole 
length of the diagram. The steam can- 
not escape so readily at the greater speed, 
the release is not so free, and the back 
pressure is apt to be greater, and if it is 
greater at the time that the exhaust valve 
closes, the compression will be higher. 
The energy developed per stroke will, 
therefore, be less, and at the same time 
the resistance of the engine will increase, 
the windage of the fly-wheel especially. 
The engine continues to increase in speed, 
therefore, only until the diminished energy 
in the cylinder and the increasing re- 
sistances again come into equilibrium. 





The Storage of Coal 


If there is anything in the market which 
should have a fixed and stable value it is 
coal. The supply does not, like that of 
grain, depend upon favorable weather 
conditions and the whim or judgment of 
the planter. It is there, in the ground, 
this year as well as last, and will be next 
year. The cost of its mining and trans- 
portation does not fluctuate violently; 
there may be an increase in the cost of 
production as the supply recedes and the 
mines increase in depth and difficulty of 
working, but such increase is gradual. 
The cost of transportation.per ton should 
decrease rather than increase with the 
enormous growth in the tonnage per year. 

When the country is living “from hand 
to mouth,” or “from mine to furnace,” 
an interruption of the production, due to 
a misunderstanding of the coal producers 
with their miners, or of a coal-carrying 
railroad with its help, produces a quick 
exhaustion of the supply and the scramble 
for coal by those who must have it at any 
cost sends the price up. Under the best 
circumstances, the few men who control 
the coal supply are in a position to fix 
the price at what the traffic will bear, and 
the fuel cost of any industry will thus de- 
pend, not upon natural but artificial con- 
ditions. 

A movement is being made in the di- 
rection of steadying the supply through 
the establishment of vast storage plants 
for anthracite along the Atlantic seaboard 
and the Great Lakes. It is said that such 
reserve capacity already available is about 
ten. per cent. of the annual production. 
lhe significance of this is indicated by the 
statement that the production of last year 
was more than 67,000,000 tons. One 
storage plant has a capacity of 480,000 
tons, and there are many of smaller ca- 
pacity. One company is said to have a 
storage capacity of 2,000,000 tons. 

Notwithstanding the excellent facilities 
for the mechanical handling of the coal, 
the cost of unloading and reloading and 
the charges upon the investment involved 
must add something to the cost of the 
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so treated. But the assurance of a 
supply of some 7,000,000 tons of anthra- 
cite, all mined and worked up ready for 
delivery, is a comfortable one for the 
heads of, and dependents upon, those in- 
dustries, the uninterrupted operation of 
which depends upon a continuous supply 
of this kind of fuel. Bituminous coal 
can hardly be dealt with in such enor- 
mous bulk on account of its liability to 
spontaneous ignition. 


coal 





Conservation of our Natural 
Resources 


On May 13, 14 and 15, there assembled 
at Washington, D. C., one of the most 
notable gatherings in the history of the 
world, convened by a great President of 
a great nation for a great purpose—one 
which affects vitally the future well-being 
of every individual in the 
conservation of our natural resources. 
When the history of industrialism comes 
to be written that conference will stand 
out in strong relief in the realm of power, 
as initiating a grand epoch in the utilitar- 
ian progress of a nation which in re- 
sourcefulness is “peer among nations.” 

Foreseeing the significance of concerted 
actien by those best calculated to bring 
about the desired results, the President 
invited all the governors of all the States 
to attend the conference, there to listen to 
experts in the power field, who came pre- 
pared with pertinent data which bore tes- 
timony to the shameful abuse of privilege 
in the past, especially in the matter of fuel 
supply, and which was calculated to point 
the way to the preservation, for the com- 
mon benefit of the generations to come, 
of the country’s water powers. There 
were several addresses presented to the 
conference, of which it is our intention 
to publish abstracts from time to time. 

On page 834 of this issue is the address 
by H. St. Clair Putnam which should 
prove of universal interest, not only to 
power users, but to every American citi- 
zen. In his paper, Mr. Putnam gives 
some instructive data on the various 
kinds of power in use—steam, water, elec- 
tric and gas—giving the total power in 
each, rate of increase and some valuable 
suggestions on the conservation of the 
fuel resources. 

As indicated in the paper, the question 
of power and the conservation of power re- 
sources constitute a problem demanding 
immediate attention, and ere long must be 
considered, “whether or no.” Due to the 
greed and unnecessary waste of private 
and corporate interests, the complete ex- 
haustion of our available fuel supply is 
already in sight. 

The welfare, and perhaps the very ex- 
istence of future generations in this coun- 
try demand, in utilizing our natural re- 
sources, the highest practical degree of 
economy which scientific knowledge and 


nation—the 
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engineering skill has to offer. This con- 
dition can only be attained by wise gov- 
ernmental regulation of our resources, so 
applied as to insure the vigorous work- 
ing of individual initiative and at the 
same time prevent the waste that is vital 
to our national welfare. 

For years Power has been giving this 
problem its earnest attention and at every 
available opportunity hds urged the neces- 
sity of its consideration. The question is 
now fairly and squarely up to you. What 
are you going to do about it? 

Two ideas resulted from the 
The first is that a permanent or- 
ganization between the States and the 
nation is necessary, and will probably re- 
sult from the present conference, to ac- 
complish the end sought. The second, 
suggested by Secretary Root, is that there 
is no limitation by the constitution to the 
agreements which may be made between 
the States, subject to the approval of the 
Congress. The two ideas fully developed, 
it is predicted, would result in the con- 
servation of the energies and resources 
of the nation through uniform and uncon- 
flicting laws, both national and state. 


confer- 
ence: 


The governors were all agreed in the 
wisdom of future conferences and _ that 
these should include members of the 
Congress with the view of continued co- 
Operation on the lines that 
each State should appoint a commission 
on the conservation of natural resources 
to cooperate with each other and a simi- 
lar commission of the federal Govern- 
ment, and in a declaration adopted dur- 
ing the convention urged upon the Con- 
gress the pressing need of legislation te 
further their cause. 

Whether or not the Congress will take 
kindly to the suggestions of the governors 
remains to be seen. It is perfectly clear 
that the question is entirely within the 
province of legislative power, and what- 
ever is accomplished must primarily de- 
pend upon legislative action. At any rate 
the convention is a step in the right direc- 
tion and has been well worth while. It 
should awaken the people to the true con- 
dition of affairs, and with the voter thor- 
oughly aroused, the Congress will be 
obliged to follow the general trend of 
public opinion. Let it be remembered, 
however, that the progress made along 
this line will depend on the individual 
efforts of you as an American citizen. 


suggested, 





The CO, Bubble Bursts 


In our issues of August and September 
of last year we denounced the CO: motor, 
which was being exploited by the CO, 
Development Company, of Philadelphia, 
as a mechanical fake and a clumsy trick, 
which ought not to mislead a_ school- 
boy with a working knowledge of physics. 

A receiver has been applied for, and 
investors are wondering whether they will 
get any of their money back. 
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Inquiries 


Questions are not answered unless they are 
of general interest and are accompanied by 
the name and address of the inquirer. 








To Heat Water by Means of Exliaust 
Steam 

I havea tank 5x6x16 feet which I wish to 
fill with water and heat the water from 
40 degrees to 212 degrees in 30 minutes 
with exhaust steam at three pounds gage 
pressure. I propose to use 1%4-inch steam 
pipe, and would like to know how many 
feet of pipe I will need. 

W. &.. S. 

Your tank would hold about 30,000 
pounds of water. To heat this water from 
40 degrees to 212 degrees would require 
the expenditure of 172 heat units for each 
pound of water, or a total of 5,160,000 
heat units. One pound of steam at three 
pounds gage pressure can give to the 
water 950 heat units only. It would 
therefore take 5431 pounds of steam to 
heat the water to 212 degrees. As this 
amount of steam is to be used in 30 min- 
utes, steam at the rate of over 10,000 
pounds per hour would be required, or 
something above 300 boiler horse-power. 
The impossibility of driving this weight 
of steam through a pipe 1% inches in 
diameter in that length of time is quite 
manifest. 

Vacuum Referred to Barometer 

What is meant by vacuum referred to 
barometer of 30 inches, as used in con- 
denser guarantees, and how is it figured? 

mm © 

The vacuum in inches of mercury is a 
measure of the difference between the 
absolute pressure in the condenser and the 
pressure of the atmosphere as measured 
by a barometer. The condénser manufac- 
turer can control the absolute pressure in 
the condenser, but cannot control the 
pressure of the atmosphere. Suppose he 
makes his condenser large enough and 
good enough to reduce the pressure in the 
condenser to one pound absolute, or 2 
inches of mercury. With a 30-inch 
barometer this would be a 30—2=28- 
inch vacuum; but with a 26-inch barome- 
ter it would be only a 26—2= 24-inch 
vacuum; so that it is usual to refer the 
vacitum to a 30-inch barometer. To do 
this, subtract the indication of the vacuum 
gage from that of the barometer, and 
subtract the difference from 30. 

For example, if the barometer is 209.5 
inches and the vacuum gage shows 27 
inches, vacuum referred to a barometer 
of 30 inches is 


30 — (29.5 — 27) = 27.5 inches. 


Flow of Steam in Turbine Supply Pipe 


What is the flow of steam in feet per 
minute in the supply pipe of a steam tur- 
bine developing 6000 kilowatts and con- 
suming 17 pounds of steam per kilowatt- 
hour, with steam pressure of 150 pounds 
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at the throttle and with 135 degrees super- 
heat, the diameter of the steam pipe being 
10 inches? 


F. W. 
The turbine would consume: 
6000 X 17 
——————— —_—_——_- => _ 1700 
60 . 


pounds of steam per minute. 


The density of superheated steam may 
be computed by the formula: 


1.684 p 
¢+ 461’ 


where D = Weight per cubic foot, 
p= Absolute pressure in pounds 
per square inch, 
t= Temperature Fahrenheit. 


D= 


The pressure at the throttle is 150 gage; 
say 165 absolute, the temperature corre- 
sponding with which is 365.7; add to this 
the 135 degrees of superheat and the 461, 
and the density will be: 


1.684 X 165 
365.7 + 135 + 461 
pound per cubic foot. 


The volume of steam flowing per min- 
ute then will be: 





= 0.289 


1700 —- 0.289 = 5882 cubic feet. 
The internal area of standard 10-inch 
pipe is 0.547 of a square foot. 

The velocity of flow would therefore 
be: 


5882 = 0.547 = 10,753 feet per minute. 


Answering Examination Questions 

In an examination for assistant engi- 
neer in a State institution the following 
questions were asked: 

1. If the vacuum in a 14x20-inch en- 
gine, running at 250 revolutions per min- 
ute, is 26 inches, what is the gain in power 
due to the condenser ? 

2. What five things would you con- 
sider in selecting a dynamo for an elec- 
tric-light plant? 

3. What causes pounding in a steam 
radiator? What would you do to stop 
it and prevent its happening again? 

4. In a State institution, how should 
the work be divided between yourself, the 
chief and the fireman, and what rules 
should be established for the maintenance 
of discipline and for the proper care of 
the engine and boiler room? 

Will you kindly give me your idea of 
the correct replies to these questions ? 

DE <. 

1. Twenty-six inches of vacuum in the 
cylinder would be equivalent to about 13 
pounds pressure the whole length of the 
stroke. Thirteen pounds mean effective 
pressure in a 14-inch cylinder, with 833 
feet of piston speed, would mean nearly 
50 horse-power. 

2. Consider type, speed, voltage, gen- 
eral condition, fitness for the service re- 
quired, etc. A book might be written 
upon this one question. 

3. The pounding is calised by the water 
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in the radiators. Remove the water and 
see that it cannot collect again. 

4. An assistant would have nothing to 
say about the division of work or the 
making of rules. That would lie entirely 
with the head of the department to which 
he belongs. 


To Equalize Clearance in Engine Cylinder 

Will you tell me how the clearance in 
an engine cylinder can be equalized when 
the piston-rod is keyed into the cross- 
head? 

GO: GB: 

Disconnect the connecting-rod from. the 
crank-pin and push the piston to one end 
of the cylinder until it strikes the cylin- 
der-head. Mark on the guide where the 
end of the crosshead rests; then push the 
piston to the other end of the cylinder 
until it strikes, and mark the guide as 
before. These marks are called “striking 
points,” and the crosshead should travel 
equally distant between them. If the 
crosshead travels nearer the crank-end 
mark, the connecting-rod should be length- 
ened by the insertion of shims between 
the ends of the rod and the brasses. If 
the crosshead travels nearer the head-end 
mark, shims must be placed between the 
end of the rod and the brasses. The suc- 
cessive keyings tend to shorten the effec- 
tive length of the strap-ended rod, while 
the reverse is the case with solid-end rods 
which have wedge-blocks toward the mid- 
dle of the rod. 


° 
To Get Correct Length of Valve-stem and 
Eccentric-rod 
How would you get the correct length 
of a valve-stem and an eccentric-rod? 


How would you get the radius of a 
link ? 
DD. €.-S: 
To get the correct length of the valve- 


stem on a slide-valve engine, adjust the 
length of the stem so that the valve will 
move to equal distances from its central 
position; if it moves too far toward the 
head end, shorten the stem so as to di- 
vide up the excess travel. 

The eccentric-rod should be of such 
length as will make the rocker-arm vibrate 
to equal distances to either side of a line 
at right angles to the valve-stem. 

The correct radius of the link is the 
length of the eccentric-rod, plus such dis- 
tance as there may be between the link 
are and the eccentric-rod pin. 


To Find Weight of Water above 212 
Degrees 

How is the weight of water found 

above 212 degrees Fahrenheit? 
AS 4. BD. 

The weight of water above 212 degrees 
may be found by measuring the volume of 
the water at the higher temperature under 
pressure. Knowing how much it weighs 
per cubic foot at 212, and how many cubic 
feet are occupied by a pound at the higher 
temperature, all of the elements of the 
problem are available. 
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Descriptions 
Manufacturers’ 


Power Plant Machinery and Appliances 


of 
or 


Cuts 


Power 
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Devices 


Used 





““Ambest” Metallic Packing 


metallic 
manutfac- 


We illustrate herewith a new 
packing known as “Ambest,” 


of the packing is shown in the illustra- 
tion which indicates that a large or small 
amount can be used at 
quired. 
fing-box by simply twisting il into ropes 


one time, as re 


The packing is placed in the stuf- 


























tured by the Canfield Manufacturing Com- 
pany, Philadelphia, Penn. This packing is 
composed of long pliable filaments of non- 
friction metal treated with a special min- 
eral lubricating compound. The nature 












SHOWING STRUCTURE OF “AMBEST” METALLIC PACKING 


of suitable thickness, and jamming it into 
place with a short stick. When in use 
the part next to the wears to a 
smooth surface, while that away from the 
rod retains its original condition. 


rod 


MUST BE NEW OR _ INTERESTING 


This packing will, as its nature dis- 
closes, fit any stuffing-box, and any size 
rod may be packed from the same can. It 
is intended to withstand the highest 
pressure and speed. No rings or springs 
are necessary to hold it in place and it 
may be applied by anyone familiar with 
engines. 

No measurement is required in prepar 
ing it for use, as the stuffing-box is filled 
with the amount. It is 
that it will stand years of severe service 

It is 
It will 
not become hard or melt and run out 


proper claimed 


without cutting or scoring the rod. 
also suitable for ammonia packing 





New Design of Water Tube 
Boiler 





water-tube boiler is 
shown in the accompanying illustration 
The object has been to construct a boiler 
so that the relative arrangements of the 


A new design of 


tubes, drum and heat passages are such 


as to obtain the most economical distri 
bution of heat. Another object is to 
facilitate the heating of the water and 


increase the circulation by arranging the 
drums and a series of tubes so as to re- 
ceive the direct application of the heat 
from the furnace. 

As shown, the drum 4 is located in the 
furnace and connected to the drum B by 
straight and bent, tubes, the drums A and 
B being connected to the drum C by 
similar tubes. 

As the flame and hot gases rise from 
the furnace, they surround the water- 
drum A and, striking the arch or baffle- 
wall D, follow along the incline tubes E, 
which receive the direct application of the 
heat generated by the combustion of the 
fuel. The extension of the bridgewall is 
reduced in thickness above the grate, as 
shown at F, forming a back wall which 
rises vertically behind the water-drum 4A, 
to a point close beneath the series of tubes 
E. This wall is surmounted by a sloping 
wall G, which stands adjacent and parallel 
to the tubes E and extends toward the 
drum B. Owing to the baffle-wall H, the 
hot gases are forced up along the tubes E 
and down through the tubes J to the heat- 
ing chamber K, the roof of which is 
formed by the baffle-wall H. The baffle- 
wall L is inclined, downward parallel to 
and close to the rear of the series of tubes 
J from a point directly behind the steam- 
<irum B to a point over the mud-drum C, 
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whereby the heat and products of combus- 
tion are deflected downward among the 
tubes N. 

The hot gases pass from the heating 
chamber to the passage M between the 
lower end of the baffle-wall and the mud- 
drum C to a draft passage located be- 
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Obituary 


Rear-Admiral Charles Whiteside Rae, 
engineer-in-chief of the United States 
Navy and chief of the Bureau of Steam 
Navigation of the Navy Department. died 
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SECTIONAL VIEW OF THE BOILER 


tween the baffle and the rear wall leading 
to the stack. 

The heat thus not only acts directly 
upon the water-drum A and upon the por- 
tions of the tubes N and E, located within 
the furnace, but also upon the tubes E 
above the furnace, upon the steam-drum 
B, the tubes J and the mud-drum C. The 
portion of the tubes N which lies within 
the heating chamber K also receives heat 
to some extent, although the heat does 
not act directly upon them as upon the 
other tubes. 

The feed-water supply to this boiler is 
admitted through the drum C and circu- 
lates through the tubes N, water-drum 4, 
tubes E, steam-drum B, and tubes J, back 
to the mud-drum, making one continuous 
circuit. As shown by the illustration, the 
steam-drum B is relatively larger and 
consequently of much greater capacity 
than either of the other two drums. It 
will be noticed that the tubes N are placed 
on an incline, owing to the mud-drum 
being located on a lower level than the 
water-drum A, a design intended to cause 
all sediment carried into the boiler to 
gravitate to the mud-drum C, from which 
it may be readily removed through the 
usual blow-off. This boiler is the inven- 
tion of Elmer Marzolf, Bellaire, O. 





T. W. Meachem, president of the New 
Process Raw Hide Company, has been 
elected president of the Chamber of Com- 
merce of Syracuse, N. Y., in which city 
the New Process Raw Hide Company is 
located. 





at his home in Washington, D. C., May 
13, from a complication of diseases. Rear- 
Admiral Rae was born in Hartford, 
Conn., June 30, 1847. He served with 





THE LATE REAR-ADMIRAL CHARLES W. 


RAE 


the Nicaragua canal surveying expedition 
in 1870, and was made chief engineer of 
the navy in 1893. He served in the bat- 
tleship “Iowa” throughout the Spanish 
war, being engaged in the. bombardment 
of Santiago. He was made rear-admiral 
in 1903. 
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Business Items 


The business interests of the H. W. Johns- 
Manville Company in Detroit, Mich., and the 
territory adjacent thereto have increased to 
such an extent that a new branch is about 
to be opened by that company. This branch 
will be located at 72 Jeffersqn avenue, De- 
troit, under the management of Willard K. 
Bush. Mr. Bush is well and favorably known 
throughout that section of the country, hav- 
ing been connected with the Milwaukee 
branch of the company for a number of 
years. The company will carry a complete 
stock of goods at the Detroit branch, so that 
shipments can ordinarily be made direct 
from Detroit stock. 


The Mesta Machine Company, of Pittsburg, 
Penn., has entered the gas-engine field and an- 
nounces that it has taken up gas-engine de- 
sign and construction, along with its estab- 
lished heavy-duty Corliss- and piston-valve 
reversing steam engines. It has now in pro- 
cess of construction at its West Homestead 
works a 600-horse-power 400-kilowatt direct- 
connected unit, which typifies the series of 
sizes called for in the designs at present laid 
down. These engines are to be built to 
operate on the four-stroke-cycle principle, on 
producer, blast-furnace, or other by-product 
gas, and will be built either tandem or twin 
tandem. The overhung crank construction is 
used. Both inlet and exhaust valves are 
operated from a single eccentric. The con- 
struction is massive and the engines are de- 
signed for 24-hour service. Frederick Ottesen, 
who has had wide experience in gas-engine 
design here and abroad, has been engaged 
to develop this line of engines in capacities 
ranging from 500 to 4000 brake horse-power. 


The Newark (N. J.) Sunday Call recently 
published an interview with President Frank- 
lin Phillips, of the Hewes & Phillips Iron 
Works, which is exceedingly pertinent at this 
time, and in which Mr. Phillips takes a very 
optimistic view of business conditions, pro- 
phesying an excellent spring and summer 
season, based upon the situation at his 
works. Among other things he stated that 
the company is building an engine of 1000 
horse-power capacity for the National India 
Rubber Company, of Bristol, R. I. It is also 
installing in the same works three additional 
engines, in the aggregate about 1000 horse- 
power, together with three Crocker-Wheeler 
generators. to be used in lighting and sup- 
plying power to the entire plant where smal! 
machinery is being operated. ‘This contract 
includes all the wiring, lamps, ete., for a 
complete electrical equipment. In March 
Hewes & Phillips also booked the order for 
two tandem-compound engines to operate the 
paper mill of the Odell Manufacturing Com- 


pany, at Groveton, N. H. This aggregates 
1400 horse-power and the installation will 
begin the latter part of May or June. The 


concern also booked an order this spring for 
the Windham Manufacturing Company, of 
Willimantic, Conn., for a 1000-horse-power 
engine, 500 horse-power of boilers, electrical 
generator the same capacity as the engine, 
all the pipe connections, lamps and wiring 


for the plant used in operating two large 
cotton mills in the above named_ town. 
Mr. Phillips returned recently from a _ trip 


to central New York, where he closed the 
order for six pumping engines for the Solvay 
Process Company, of Syracuse, N. Y., manu- 
facturer of soda ash. The company reports 


local sales of engines to Lewis Brothers, 
candy manufacturers, 133 Monroe _ street, 


Newark; the Tide Water Oil Company, 28 
branch of the Standard Oil Company, Con- 
stable Hook; the Troy Steam Laundry, 
Brooklyn, N. Y., and the Simpson-Crawford 
Company, New York. 
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How to Build a Concrete Coal Trestle 


Detailed Description of a Durable Trestle Which Can Be Built for 
Less Money Than a Wooden One, with Costs of Trestle and Bin 





B Y 


Whenever the size of the power plant 
is not sufficient to warrant a coal-hand- 
ling installation, it is a good plan to dodge 
labor expenses by putting in a trestle. 
This, of course, is placed alongside the 
boiler house at a center-line distance of 


WARREN 


Ai. 


The cost of this equipment need not be 
excessive and should pay for itself in a 
few years. The trestle that will com- 
bine low first cost, low maintenance 
charges and great durability would be the 
one on which the choice should fall. With 





MILLER 


pier used by the Central Railroad of New 
Jersey and gave 
vice in practice. 
each pier 


very satisfactory 
The cubic contents of 
137 cubic feet, and the 
unit cost was $6 per cubic yard complete, 
including forms and _ all 


ser- 
was 


labor charges. 



























































































































about 12 feet from the wall. At the same yellow-pine timber at $35 per thousand, The reinforcement was placed in two tow- 
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FIG. I. SHOWING DETAILS OF CONSTRUCTION OF TRESTLE AND ABUTMENT 
trestle is run a stout wooden bin-wall car- as in Fig. 1 would cost $26 per frame, the bearing points of the longitudinal 


ried up to the hight of the trestle rails. 
Hopper-bottom cars are run up on the 
trestle and fill up the space between the 
two with coal which flows out, as used, 
on the floor of the boiler room. The 
natural slopes of all small sizes of anthra- 
cite are 30 degrees or thereabouts. This 


method of delivering coal to the firemen 
obviates all labor charges for coal hand- 
ling and leaves only the ash to be re- 
moved by the shovel-and-barrow method. 


exclusive of footings and stringers, and 
the labor would cost $19. Now, as the 
general design of the footing would be 
identical whether wood or concrete were 
used for trestle piers, it may be neglected 
for the present and comparison drawn 
only between wooden and concrete piers. 


CoNCRETE PIERS’ 
The concrete pier shown in Fig. 2 was 


adapted by the writer from the standard 





stringers which carried the track and ties. 
This not only localized the 
reinforcement under the points of stress, 
but gave room for a runway for the con- 
crete wagons in filling footings and bat- 
ters of new piers, as the mixer was neces- 
sarily placed at one end of the trestle. 

The standard railroad pier has 18-inch 
by 9-foot horizontal cross-section and per- 
pendicular sides. It is for the 
moment of 10 feet ground. 


arrangement 


good 


from rail to 
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The design used by the writer has the 
walls battered 3 inches on a side and is 
good for the moment of 12 feet from rail 


to ground. The forms are also some- 
what easier to set if battered. They must 
be plumbed in two directions and the cen- 
ter lines of the form must be set exactly 
to the two center-line strings of the 
trestle. This takes considerable time and, 
once true on the center-line strings, any 
slight variations of, say, % inch out of 
true batter may be neglected in preference 
to disturbing the centering of the pier. 
Further, these variations are not so ap- 
parent to the eye on battered forms as on 
perpendicular ones. 


PouRING THE PIERS 


In pouring the piers, the best working 
arrangement was to use four forms. As 
the work was done in mid-summer, the 
pier would set sufficiently in 48 hours to 
permit removal of the forms. Each day, 
in the forenoon, forms would be taken 
from the two piers poured two days 
previously. This left two piers still in 
forms with green concrete poured the day 
before. The forms just removed would 
be set up on the the footing caps of the 
next two bents, plumbed, centered on both 
longitudinal and transverse center strings 
and secured to the forms holding green 
concrete by diagonal and horizontal brac- 
ing of 1tx6-inch rough spruce. If this 
precaution was not taken, the labor of 
laying the 4x12-inch runway planks, etc., 
would be sure to jar the work out of true. 
It took the entire afternoon to pour the 
two piers, lay the runway, get out the 
cement, secure the rods and bolts in place, 
etc. The “mob” consisted of 10 men 
and a foreman. They were divided as 
follows: Four concrete wagon pushers, 
using 6-foot wagons, one man in charge 
of the mixer, one at the mixer engine and 
elevator, one cinder barrowman, one sand 
barrowman, one man at the elevator- 
trough gate, and one in charge of the 
placing of concrete. 

The pier forms were of 1%-inch ship- 
lapped hemlock, dressed on one side, the 
boards running diagonally, and three hori- 
zontal 4x6-inch cleats at the top, bot- 
tom and middle. Bolts at the ends 
secured the forms together and they were 
wired with soft-iron binders, using No. 
14 B. & S. wire, at three points on the 
bottom cleats and two on the middle. 
The wire is passed through the form and 
around the cleats three times at each 
place and then twisted tight with a 2od. 
wire nail. Another way is to use bolts 
and give them a turn to loosen them while 
the concrete is still green. It works well 
if the bolt is perfectly straight, but you 
lose the reinforcing value of the wire. 
Whichever method is elected, it must not 
be left out of the cost estimates. The 
pressure of wet concrete is so great that 
it will bend the stoutest wooden form 


cleats, making the sides of your pier re- 
semble nothing so much 
cement on its side. 


as a bag of 
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PRESSURE ON FOOTINGS 


The footings are calculated on a unit 
pressure of two tons per foot for ordi- 
nary sand, gravel or clay. Eighty tons 
is the greatest load ever likely to be placed 
on any one pier. Cinder concrete was 
used throughout, 1:4:9 mixture for foot- 
ings and 1:3:6 for batter caps. As to the 
mixture for the piers it was found impos- 
sible to get a smooth, clean job with 1 :3:5 
cinder concrete. No matter how much or 
how carefully it was rammed, there would 
be unsightly cinder spots which would not 
be improved much by plastering. So the 
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after the pier was built. It was the near- 
est pier to the mixer platform and had to 
be the first one built, so the horizontal re- 
inforcing rods were let in through holes 
in the form when it was poured, and 
2x8-inch keys secured where the _ but- 
tresses would come. The footing, of 
course, had to be dug for both pier and 
buttresses. At the embankment end, the 
pier was cast in the same form as the 
others, but the wall was carried up 18 
inches higher to make a stop for the 
stringers. As the embankment was only 
5 feet high at this point, no wing walls 
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FIG. 2. 


writer determined to use a dense, close 
mixture which has given great satisfac- 
tion in all large masses of concrete not 
subject to tensile strains, such as retain- 
ing walls, foundations, sump-pits and the 
like. The mixture is 1:4:4 and the piers 
were all poured in this, giving beautiful, 
smooth work, amply strong for the pur- 
pose. It did not have to be touched with 
the trowel anywhere after the forms were 
removed. This mixture gives 1:6 as the 
proportion of cement to finished concrete. 

The final piers have, respectively, a re- 
taining wall at the embankment end, and 
buttresses at the boiler-house end of the 
trestle. The buttresses were poured long 








CONCRET 


E TRESTLE PIER 


were built and the earth was allowed to 
take its natural slope around the pier. 


THE GRADE 


The grade of this trestle was 5 per 
cent., as there was plenty of room for the 
approach. It may, however, be’ carried up 
to 8 per cent., if necessitated by condi- 
tions of site. An easement must be pro- 
vided at the top of the grade. This maj 
be 50 feet of the arc of a vertical circle 
having an &800-foot radius, the center of 
the arc being the point of intersection of 
the trestle grade and the slope. The 


amount of lowering of the piers in the 
easement ranges 


from 7% inch to 2” 
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inches, and is figured by mean _propor- 
tions. 

The reverse curve, shown at the top of 
the slope, was necessitated by the posi- 
tions of adjacent buildings. It caused no 
difficulty, either in construction or in 
operation after the trestle was put in use. 

All this work can be laid out, checked 
and graded with any good level, such as 
is used by architects. There is no neces- 
sity for a transit in any of it. Of cour 
it is a waste of time to use a carpenter’s 
level board on any part of it. Enough 
errors will creep in without inviting them 
by using any such implement. Each pier 
should be checked with the instrument for 
level, plumbness, grade and alinement be- 


se 
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high piers, halve the distance they are 
above blueprint grade and set all the caps 
to this new grade. The heavy timbers 
must all be brought to this grade by steel 
wedges, leveled in both directions and 
the wedges replaced by spalls of broken 
stone driven in to take their place. A 
shallow form is now nailed around the 
top of the pier and thin, watery (1:3) 
cement grout poured to fill all the space 
under the timber cap. 

This operation will leave all the caps 
firmly bedded at grade and a few of them 
a trifle high. This need not trouble you 
any. All the 8x16-inch stringers will run 
over-size and will have to be notched to 
16 inches at the ends where they rest on 
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the 8x8-inch posts is 11 feet and the 
planking is 3x12 inches. Each post is 


tied to the trestle at the top by 1%-inch 
rods and tenons into a 4x8-inch mudsill 
laid in concrete-filled trenches, running 
across the bin. Two flat 3x34-inch irons 
tie the middle of the post to the mudsill 
at an angle of 45 degrees. A floor was 
made by filling 4 inches of well-tamped 
cinders the and capping 
with 4 inches of ordinary cement paving. 
It was pitched toward ‘the boiler house 
and a square left every vent, 
which let the rainwater down into a blind 
drain several feet below. These squares 
were paved with common red brick, laid 
loosely, this being the most durable and 


over mudsills 


open in 






























































fore pouring. the caps. These notches are simply cut efficient grating for the purpose. The bin 
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THE Woopwork 


As regards woodwork, the first job 
will be to set the 8x16-inch caps. These 
should all be bored with a vertical frame 
If they are to be done with the 
same templet that the holding-down bolts 
were set with in the concrete, make them 
% of an inch larger than the bolts. Even 
at that, some of them will stick out- 
rageously, as the bolts will never be ex- 
actly plumb in the concrete, even with a 
double templet to hold them so. 

When you take the levels of all the fin- 
ished piers it is morally certain that sev- 
eral of them, here and there, will run from 

to 34 inch above the grade of the rest. 
This will be from carelessness in judging 
settling of wet concrete. In a form 
10 feet high it will settle 1% inch, more 
Having ascertained which are the 


auger. 


the 


~~ 
{ I@ss, 





FIG. 3. 


Elevation 


deeper at the high caps. The stringers 
are 25 feet long and break joints at alter- 
nate piers. At the easement all four 
stringers must be cut at each pier so as 
to follow the curve. They will spring as 
much as % inch if held down while the 
dock spike is being driven. 

The bumping block shown answers very 
well unless there is a building behind the 
buttress pier which is liable to be col- 
lapsed in case a car carries away the 
block. In such standard car- 
bumper may be substituted, and will work 
well on the trestle. The writer installed 
the Ellis block on a trestle, and it caused 


case any 


no trouble with the piers, even in the 
roughest handling of cars. 
Tue Coat BIN 
The design of the coal bin can be 


grasped at a glance. The span between 


PLAN AND ELEVATION OF COAL TRESTLE 














was made 190 feet long by 22 -feet’ wide 
and holds 1000 tons of anthracite. 
Before allowing the coal to fill in 
against the boiler-house wall, it must be 
examined for strength. If the wall 
steel work imbedded in the brick pilasters, 
4x12-inch plank may be run from pilaster 
to pilaster. The weight of the coal against 
ordinary brick or ttle panels some 12 feet 
in the bay, is sure to bulge them into un- 
sightly condition. If the wall is already 


has 


built and the pilasters plain brick, I-beams 
should be set up and tied at the top to the 
trestle, when planking can be run from 
beam to beam, thus taking the coal pres- 


sure off the wall. On page 848 are the 
actual costs of the trestle and bin shown 
in Fig. 3. The concrete account ran far 


over the design, because in nearly every 
pier the footings had to be carried down 
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from 4 to 6 feet to reach below the cin- 
der-fill to natural soil. 


COST OF COAL TRESTLE 


MAIMRD (5s (occa lasisiv deck. o%tseia erin lager ale ae $57.93 
Diam GRORVATION. «<0 0:00.02 06sc00e08 384.46 
TS Sr 2366.83 
BEIMCP GEDCRNG. 0... cccccccces Rpraers 70.07 
Woodwork, hauling........seccoee 79.46 
0 OS EAS ere 1807.41 
Track and laying. ......cccceccvece 800.97 

OE ice caaneswancsessesaua $5567.13 

COST OF COAL BIN. 

Grading .....cccecccessecveccves $111.27 
ne, OTE er 207.13 
WooGwork, Hauling. .......00. cece 28.09 
ES are Pare re 1094.70 
NI, fo xira a dip vache Sha rusbcdiacaicacesaceaieie 7.52 

M1 on erg unde coon eee ocareun ie $1448.71 


There was a great temptation to build 
the bin in reinforced concrete, but as the 
entire job was done by the works’ con- 
struction force, it was thought best to 
stick to the principle that little concrete 
and much form mean not less than $10 a 
yard unit cost thereof. Moreover, any 
concrete construction requires a founda- 
tion running down to natural gravel, and 
the existence of fire and salt-water lines 
under the bin made such a construction a 
probable water-trap in case of a main 
bursting. 





Ottawa Water Works Pumping 
Plant 


By W. L. McLaren 








Situated at the western side of the 
town, in a sort of natural hollow, is the 
Ottawa (Can.) city pumping plant, re- 
ceiving its power, as well as its water, 
from the Ottawa river, which at this 
point has a fall of 40 feet. Water for the 
power is led to the turbines through an 
artificial channel blasted in the solid rock 
for more than a mile, while the water for 
the mains comes through a large pipe, the 
intake of which is located several miles 
above the city. Fig. 1 shows the front 
of the building in summer. In winter, 
considerable inconvenience is experienced 
with anchor ice. 


EQUIPMENT 
The system is “direct pressure” from 
the pumps, without a reservoir. The 


present plant consists of four sets of sin- 
gle-acting, three-throw plungers and two 
duplex power pumps of the following 
dimensions: Nos. 1, 2 and 3 are I9 
inches in diameter, with 3.5 feet stroke, 
pumping 126 gallons a stroke, or 3,000,000 
gallons in 24 hours; No. 4 is 26 inches 
by 5 feet, with a capacity per stroke of 
338 gallons, or, daily, of 10,000,000 gal- 
lons; Nos. 5 and 6 are 19 inches by 26 
inches, taking together 270 gallons per 
stroke, or 8,000,000 gallons per day. Nos. 
1 and 2 were built by the Joseph Hall 
Company, Oshawa, Ont.; No. 3 was built 
by the Victor Foundry Company, of 
Ottawa; No. 4 was built by the Kingston 
Locomotive Works, of Kingston, Ont.; 
Nos. 5 and 6 were built and installed by 
the Kerr Engine Company, of Walker- 





POWER AND THE ENGINEER. 


ville, Ont., each pump being designed for 
a capacity of 4,000,000 imperial  gal- 
lons at 110 pounds pressure, per day of 
24 hours, working at a maximum speed 
of 26 strokes per minute. 

Pumps Nos. 5 and 6 are operated by 
two 55-inch horizontal Croker special 
turbines, with graduating gates. The 
wheels develop 1400 horse-power, running 
at 128 revolutions per minute, under 25- 
foot head at full gate. Nos. 1, 2 and 3 
are each driven by a Leffel turbine, 61 
inches in diameter. No. 4 is driven by 
two New American turbines, 61 inches in 
diameter, working together. 

Fig. 2 shows set No. 4, and also some 
of the gear wheels, etc., of sets Nos. I, 2 


and 3. Fig. 3 shows Nos. 5 and 6, with 
the large inserted (hardwood) tooth 
gears. 


THe Kerr Pumps 

The Kerr pumps are duplex double-act- 
ing, with inside-packed plungers. The 
floor space occupied is 11.5x27 feet, and 
the hight to the top of the air chamber 
13 feet 2 inches. The big gears are 
nearly 14 feet in diameter, mounted be- 
tween the two pump cylinders. The plun- 
gers are hollow, of cast iron, with the 
rod running clear through. The inside 
diameter of the shell is 17%4 inches, the 
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vided at the side near the lower valve 
deck. The valve seats are screwed into 
the decks, with hard-rubber disks held to 
the seat by springs guided by brass stems, 
whick also hold the springs in place. 


It was found after installing pumps 


Nos. 5 and 6 that the tail-race’ was not 








FIG. I. OTTAWA (CAN.) PUMPING PLANT 


large enough to care for the water under 
fire pressure (ordinary pressure at the 
pump house being 90 pounds per square 
inch, and the fire pressure I10 pounds. 
The tail-race was widened and deepened, 
the result being that the working head was 
increased about 2.5 feet under ordinary 
and 4 or 5 feet if 


conditions, running 








FIG. 2. 


total length 5 feet 11 inches. The ends 
are reinforced with four gusset webs at 
each end. Stuffing-boxes for the rods are 
made of cast with linings of hard 
brass, each gland being set up by three 
stud-bolts. 

Each pump cylinder is a vertical cham- 
ber with valve decks top and bottom. At 
one side of each cylinder is an opening 
for the plunger, and at the other, one for 
the rod. A 10-inch clean-out hole is pro- 


iron, 








SHOWING NO. 4 PUMP SET 


under fire pressure, when the water in the 
river is low or in winter. 
PERFORMANCE 

Newton J. Ker, city engineer 
manager of the water works, gives, for 
one year, the following figures as to tl 
performance of the pumps: 

No. 1 worked at 73 per cent. of its 
rated capacity, No. 2 at 75 per cent., Ni 
3 at 75 per cent., No. 4 at 39 per cent 


and 
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Nos. 5 and 6 combined at 35 per cent. 
Of the total amount pumped, the percent- 
ages for the several units were as fol- 


lows: No. 1, 14; No. 2, 13; No. 3, 14; 
No. 4, 25; Nos. 5 and 6, 33. The cost of 


pumping per 1000 gallons was $3.77, di- 
vided as follows: Maintenance and re- 
pairs, $0.69; general construction, $0.40; 
pump-house salaries, $0.17; management 
account, $0.21; collection account, $0.15; 
fire-alarm account, $9.00; 
iccount, $0.04; interest and sinking fund, 
$2.02. 


miscellaneous 





Switchboard Pointers 





By H. R. Mason 


A plan which is seldom emphasized 


strongly enough is that of using the regu- 
lar switch to make the’final closing of a 
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line by the tripping armature, thus insur- 
ing freedom of action at all times and 
eliminating some of the possibilities just 
mentioned. However, if closed against a 
heavy short-circuit, the contacts may fuse 
together and be unable to open when next 
released ; in any case, it is not strictly safe 
to have the hand near any circuit-breaker 
in the act of interrupting a current which 
may reach several thousand amperes, so 
the rule applies to this well, 
though they are of great value as protec- 
tion against damage in case of oversight 
by the operator and in certain other emer- 


type as 


gencies. 


Atways Use THE CIRCUIT-BREAKER , 

It is not good practice to open a circuit 
by means of ordinary switches if the cir- 
cuit-breaker is accessible, because the oc- 
currence of short-circuit on the line 
just before the switch is opened might 


a 








FIG. 3. 


circuit and using the circuit-breaker to 
open the circuit. Although it is naturally 
the first impulse of an operator, it is very 
bad practice to close a circuit by reset- 
ting the circuit-breaker, for if a short- 
circuit should exist on the line it may 
severely overload the generator if the 
circuit-breaker just closed is in the gen- 
erator circuit, or knock out the generator 
circuit-breaker if the one closed is in a 
feeder circuit. Furthermore, if the cir- 
cuit-breaker being closed is the only one 
in that circuit, it will open as soon as the 
handle is released, but the operator’s hand 
will usually interfere with its action and 
cause it to open so slowly when released 
that the current from a heavy short-cir- 
cuit will burn the contacts badly and pos- 
sibly destroy the circuit-breaker through 
failure to rupture the arc. 

A type of circuit-breaker has been de- 
signed having a toggle joint which re- 
leases the contacts when knocked out of 


SHOWING KERR PUMPS (NOS. 5 AND 0) 


AT OTTAWA PUMPING PLANT 


cause the are to follow the switch blade 
to its full opening and persist for some 
time, destroying the switch; in any case 
a slight are is almost unavoidable, which 
by frequent repetition will soon pit the 
blade and jaws and impair the usefulness 
of the switch. 

An excellent rule in cutting in a gen- 
erator or a feeder is always to close the 
circuit-breaker as the first operation after 
seeing that all switches are open. Then 
if there is any unsuspected short-circuit, 
ground, or other defect in the generator, 
the. circuit-breaker is free to open un- 
hampered by the operator’s hand as soon 
as the first switch is closed. 


TIME-LIMIT CIRCUIT-BREAKERS 
Very often unnecessary interruptions of 
service are incurred by setting the genera- 
tor circuit-breaker to open at too low an 
overload. Most of the direct-current 
multipolar generators built during the last 
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eight or ten years have an almost incredi- 
ble capacity for momentary overloads, 
such as are inflicted by short-circuits, and 
are usually capable of withstanding with- 
out damage for several minutes as great 
a current as the power of the prime mover 
can produce, and more than the cables 
leading from the generator 
Time-limit circuit-breakers are exten- 
sively used to prevent generators from 


can Carry. 


being cut out of service by momentary 
overloads, but they are not quite as reli- 
able as the plain type and require more 
frequent attention. In most large sta- 
tions an operator is constantly at hand, 
and it has been found very advantageous 
in some cases to locate the circuit-breaker 
near the generator and adjust it to oper- 
ate on an overload of several times the 
rated capacaity of the generator, depend 
ing on the circuit-breaker to act in case 
of a short-circuit on the generator leads 
or switchboard, but relying on the opera- 
tor to relieve the generator in case of a 
prolonged overload, either by tripping the 
circuit-breaker by hand 
additional units. 


or cutting in 

In one case the circuit-breakers on each 
of three 550-volt generators of about 1000 
amperes rated capacity each were set to 
operate at considerably over 3000 amperes. 
They have been adjusted so for four years 
and have weathered all sorts of short-cir- 
cuits without damage, having opened sev- 
eral times on dangerous short-circuits, and 
saving innumerable interruptions of ser- 
vice which would have occurred if they 
had been set for 75 or 100 per cent. over- 
load as is the usual rule. 


VoLUME OF CURRENT LARGER 
ANTICIPATED 


THAN 


During the 
short-circuit 


first instant of 
the volume of current is 
larger than most engineers realize. Until 
the momentum of the moving parts is re- 
duced and the amount of energy available 
is limited to that which the prime mover 
can furnish, the current in a direct-cur- 
rent circuit must follow Ohm’s 


a severe 


law, 


E 
I= R” and the quotient of, say, 600 


volts or more divided by a resistance 
which can only be expressed in hun- 
dredths or even thousandths of an ohm 
runs up into thousands of amperes, which 
accounts for some of the destructive re- 
sults of momentary short-circuits even on 
comparatively small generators. Hence, 
an extreme case of short-circuit will fur- 
nish current enough to trip an outrage- 
ously adjusted circuit-breaker with no 
more damage to the generator than if it 
were set much lighter. One thing which 
should not be tolerated, however, is the 
practice of: “plugging” generator circuit- 
breakers, rendering them inoperative. In 
the case of two or more direct-current 
generators in parallel in such circum- 
stances, if the field circuit of one machine 
should open or a ground or short-circuit 
occur in an armature or on the switch- 
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board or station wiring, the results are 
likely to be disastrous before the operator 
can do anything to relieve the situation. 





Correcting for Superheating 
By F. E. MatTHEews 


In working up results of boiler tests, 
how would one correct for the superheat- 
ing of the steam in figuring the equivalent 
evaporation from and at 202 degrees? For 
example, the following were results of a 
test: Steam pressure, 141.3 pounds; tem- 
perature of feed-water, 125.2 degrees Fah- 
renheit; steam superheated to 506.8 de- 
grees Fahrenheit; total coal burned, 
15,176 pounds; total water evaporated, 
113,456 pounds; evaporation per pound of 
coal, 7.476. 

A careful interpolation in the tables of 
factors of equivalent evaporation, from 
and at 212 degrees Fahrenheit (Kent), 
for 125.2 degrees (Fahrenheit) feed-water 
temperature and 141.3 pounds steam pres- 
sure, would give as a factor of the equiv- 
alent evaporation 1.1369. To compute 
these factors of equivalent evaporation 
where there is no superheating, we divide 
the total heat (expressed in any conven- 
icnt units) necessary to make any given 
amount of steam at the pressure observed, 
from feed-water of the temperature ob- 
served, by the amount of heat necessary 
to evaporate the same amount of water 
at atmospheric pressure from water at 212 


degrees Fahrenheit. This is represented 


by 
. H—h 
Fe => ee 
965-7 
where F stands for factor of equivalent 


evaporation from and at 212 degrees, H 
for the total heat in the steam at the ob- 
served pressure, and ji the total heat in 
the feed-water at the observed tempera- 
ture above 32 degrees Fahrenheit. 

Substituting the values given above, we 
have 


1192.2,— 93.2 


== 1.1380, 
965.7 . 
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H—hAs+s 
965.7 
where F’S is the factor of equivalent 
evaporation from and at 212 degrees, tak- 
ing into account the superheating, S 
equals the heat required to superheat the 
given quantity of steam, but s, the amount 
of heat, is equal to S’, the specific heat of 
saturated steam, multiplied by (¢ — ?’), 
or the difference between the temperature 
to which superheating is carried and the 
temperature corresponding to the ob- 
served pressure at saturation, as given in 
the tables of “properties of saturated 
steam.” Substituting in the equation as 

abeve indicated we get: 


F'S= 


’ 





FS = 1192.2 — 198.2 + 0.495 (506.8 — 361.3) _ 
965.7 
1.209, 

making the “from and at” evaporation 9.38 
pounds. 

Wood gives for the total heat in super- 
heated steam i 

H = 1091.7 + 0.48 (t — 32 degrees), 
which, substituted in the above equation, 
would give 
FS == 101.7 + 0.48 (506.8 — 32) — 93.2 ; 


m. = € 
965.7 == 1.200, 


or the equivalent evaporation would be 
9.487 pounds. 





Getting the Burned Gases Out of 
an Engine Cylinder 


By H. Appison JOHNSTON 


Fig. 1 shows the “toes” of a number of 
gas-engine indicator diagrams, divided by 
vertical lines one-quarter of the piston 
stroke apart. These diagrams are all 
taken from published articles and were 
evidently considered examples of good 
practice, as designers and engineers gen- 
erally pick out the best diagrams obtain- 
able when supplying material for pub- 
lication. 

Many gas-engine designers apparently 
do not realize that a large quantity of gas 
will not flow through a small opening 
instantaneously, and that the pressure in 
a gas-engine cylinder does not reach zero 
until an appreciable lapse of time after the 
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the exhaust stroke, or in other terms, 
until the crank is about 65 degrees past 
the center. Under these circumstances the 
cylinder contains the hot gases, under 
pressure, during about 245 degrees of the 
crank travel. 

In the opinion of the writer, the cylin- 
der pressure should drop as nearly as pos- 
sible to zero by the time the piston has 
completed its power stroke; and in gen- 
eral, to obtain this result the exhaust 
valve should start to open at about 45 de- 
grees of crank travel ahead of the center. 
The advantages gained by retaining the 
charge longer are practically negligible, 
while the disadvantages are by no means 
trivial. 


A “Time SurFAceE” D1raGRAM 


A diagram of a gas-engine cylinder, 
piston, crank and rod are shown by Fig. 2. 
The connecting-rod here shown is four 
cranks in length; this is shorter than the 
rods of many four-stroke-cycle engines, 
but longer than those of many two-stroke- 
cycle engines, and may be taken as repre- 
senting average practice. The clearance 
in the cylinder-head is assumed to be 25 
per cent. of the piston displacement, or 20 
per cent. of the entire cylinder volume. 
The dotted curve X Y Z is obtained by set- 
ting off on a series of radial lines through 
the crank-pin, to a convenient scale, the 
distances representing the total interior 
exposed surface of the cylinder at the re- 
spective points of crank travel. The area 
included between any two radial lines and 
the outline of the curve represents the 
product of area of exposed surface X time 
of exposure, and this product multiplied 
by a temperature factor is proportional 
to the amount of heat that has to be car- 
ried off by the water jacket. Without 
going into the question of temperatures, 
it is evident that any means which will re- 
duce the area on this “time-surface” dia- 
gram included between the radial lines 
through the crank-pin at the ignition point 
and the point where *the exhaust 
gases reach approximately atmospheric 
pressure will also reduce the quantity of 
heat to be transmitted through the cylin- 
der walls per cycle, and hence the tem 
perature of the cylinder itself. 














which, multiplied by 7.476, gives 8.§076 as 
the equivalent evaporation from and at 
212 degrees. 

This ignores superheating, which does 
not give the test credit for the heat neces- 
sary to produce the superheating effect, 
and a correction in the factor must ac- 
cordingly be made as follows: 


FIG. I 


exhaust valve is opened. It is because of 
this fact that so many diagrams of the 
general type here shown may be found in 
publications on the gas engine. 

In these diagrams it will be noticed that 
the pressure in the cylinder does not drop 
to that of the atmosphere until the pis- 
ton has traveled nearly one-quarter of 


OVERCOMING FRICTION OF BEARINGS 

It will be evident from the diagram that 
nearly one-half of the total area inclose:! 
by the curve is contained between 1! 
lines representing 45 degrees of crank 
travel on either side of the outer cente! 
as when the crank has traveled to within 
45 degrees of the outer center practically 
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the whole cylinder surface is exposed to 
the hot gases. It should be noted that 
although the crank has yet 45 degrees to 
travel, the piston has but 11% per cent. 
of its stroke to complete, and that owing 
to the smallness of the angles between 
the crank and the connecting-rod from 
this point on to the end of the stroke, a 


Crank Circle 





great proportion of the piston effort ob- 
tained by retaining the gases beyond 45 
degrees will be taken up in overcoming 
the friction of the bearings. 

The dotted lines on the diagrams in 
Fig. 1 show approximately the exhaust 
lines which would have been given if the 
exhaust valves had opened at 45 degrees 
of crank travel before center. Note that 
the exhaust pressure drops approximately 
to atmospheric by the time the piston has 
completed its stroke, yet there is no ap- 
preciable difference in the corresponding 
net areas of the indicator diagrams. The 
positive area that is cut off by allowing 
the gases to escape sooner is balanced by 
an equal negative area removed by lessen- 
ing the back pressure. Note also that the 
products of combustion remain under 
pressure in the cylinder, during the period 


when the maximum amount of surface is . 


exposed, about 2= per cent. longer in the 
case of the full iine diagram than in that 
of the dotted one. Since the rapid expan- 
sion of the exhaust gases upon the open- 
ing of the exhaust valve causes a very 
material drop in temperature, and since 
the actual quantity of heat per unit vol- 
ume of gas in the cylinder is reduced pro- 
portionately as more and more gas passes 
out, it is evident that the reasonably early 
release of the exhaust gases is much to 
be desired, and will. greatly facilitate the 
cooling of the cylinder and reduce the 
consumption of cylinder-lubricating oil. 


DESIGNING ExHAUST VALVE CAMS 


In designing exhaust- valve cams it 
should be remembered that with ordinary 
push-rods, rocker-arms, or whatever may 
be used, the valve does not start to open 
as soon as the cam begins to lift the rol- 
ler, since there is usually from 1/32 to 
3/32 inch of clearance in the joints and a 
slight amount of spring to be taken up. 
The cams should be designed to take up 
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all play and spring before the 45-degree 
point is reached. 

On small gas engines it is almost in- 
variably the practice to make the exhaust 
cams too small; that is, the valve opens 
too late and closes too early. Many small 
engines may be found in which the ex- 
haust valve does not start to open until 











FIG. 2 


the power stroke is finished and closes 
before the beginning of the suction stroke. 

As all wear and slackness in valve-gear 
tend to make the valve open later and 
close sooner, it is well, in new engines, 
to set the exhaust valve to open a little 
earlier and close a little later than is 
really necessary. After a few months of 
running it will probably be exactly right. 
Exhaust valves should not close until the 
crank has moved 5 or 10 degrees on the 
suction stroke. 


AUNILIARY ExHaust Port EXCELLENT 

The auxiliary-exhaust port is a most 
excellent device for providing a quick 
means of escape for the high-pressure ex- 
haust gas. The greatest strain on ordi- 
nary gas-engine valve-gears occurs at the 
moment of starting to open the exhaust 
valve, as it has to be opened usually 
against an unbalanced pressure of about 
45 pounds per square inch on the area of 
the valve-disk. On a 4-inch valve this 
pressure amounts to 560 pounds. When 
cams are used to operate the valves, this 


stress has to be taken on a line contact 





FIG. 3 


between the roller and the cam. The re- 
sult is that a hollow is soon worn in the 
cam at the opening point, making the 
stress on the valve-gear greater than ever. 
But if the auxiliary-exhaust port is used, 
the pressure may be allowed to drop to 
almost zero before the main exhaust valve 
is opened, and the valve-gear has then 
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only the pressure of the valve spring to 
work against. 

Another advantage of the auxiliary- 
exhaust port is that excessive heating of 
the main exhaust valve is prevented. The 
limit of size at which water jacketing of 
the exhaust valve becomes necessary can 
be materially increased, since about 70 
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per cent. of the exhaust gas passes out 
through the auxiliary port, leaving only 
30 per cent. to pass through the main 
valve, and at a much lower temperature. 

Fig. 3 shows a diagram from a 12x12- 
inch crude-oil engine with an auxiliary- 
exhaust port opening at approximately 45 
degrees of crank travel before center; the 
area of this port is about 10 per cent. 
of the piston area. The main exhaust 
valve is of the same area, is of the mush- 
room type, and is set to open just as the 
piston starts on the expulsion stroke. The 
diagram shows that the exhaust pressure 
has dropped to atmospheric before the 
piston has started to move back. 


Cast Iron Best For VALVE HEaps 

The writer prefers cast iron to steel as 
material for valve-heads; steel does not 
grind to as smooth a surface as cast iron, 
and it pits much sooner. The seats should 
be made as narrow as will stand without 
wearing too fast, and the seat on the 
valve-heads should overlap the seats on 
the 
be turned 


The valve-stems should 
slightly smaller between the 
heads and the guides, to prevent carbon 
deposits from holding valves open. The 
guides for the stems should be as long as 
possible and the stems should not fit 
snugly. When the stems are fitted closely 
in the guides they are apt to bind when 
hot and cause trouble. Exhaust valves 
should not be smaller in diameter than 
one-third the bore of the cylinder, and 
there should be no restrictions in the ex- 
haust passages which reduce the area to 
less than that of the valve. A mushroom 
valve requires a lift equal to one-fourth 
of its diameter to give full front opening. 

In putting up exhaust pipes it is a good 
plan to -use plugged tees or four-way 
couplings instead of elbows, as it is then 
easy to clean out any carbon or tar that 
may accumulate in the pipes. 


valve-cases. 
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The Waste of Our Fuel Resources 


One Billion Cubic Feet of Natural Gas Passes into 
Appalling Waste of Oil; Immense Loss of Coal 





B Y 


A great geologist once said: “The na- 
tions that have coal and iron will rule the 
world.” Bountiful nature has dowered 
the American people with a heritage of 
both coal and iron richer by far than that 
of any other political division of the 
earth. 

It was formerly supposed that China 
would prove the great storehouse from 
which the other nations could draw their 
supplies of carbon when their own had 
become exhausted, but the recent studies 
of a brilliant American geologist in that 
far-off land, rendered possible by the 
generosity of the world’s greatest phi- 
lanthropist, tell a different story. The 
fuel resources of China, great as they un- 
doubtedly are, have been largely over- 
estimated, and Mr. Willis reports that 
they will practically all be required by 
China herself, and that the other nations 
cannot look to her for this all important 
element in modern industrial life. 

A simple glance at a geological map of 
the United States, will convince anyone 
that nature has been most lavish to us in 
fuel resources, for we find a series of 
great coal deposits extending in well 
scattered fields almost from the Atlantic 
to the Pacific, and from the Lakes to the 
Gulf, while even over much of New Eng- 
land and the coastal plains vast areas of 
peat, the primal stage of coal, have been 
distributed. But coal of every variety 
from peat to anthracite is not all of na- 
ture’s fuel gifts to fortunate America. 
Great deposits of both petroleum and 
natural gas occur in nearly every State 
where coal exists, and in some that have 
no coal. What greater dowry of fuels 
could we ask when we find them stored 
for us within the bosom of our mother 
earth in all three of the great types, coal, 
petroleum and natural gas, only awaiting 
the tap of the pick and drill to bring them 
forth in prodigal abundance? 

What account can we as a nation give 
of our stewardship of such vast fuel treas- 
ures? Have we carefully conserved them, 
using only what was necessary in our do- 
mestic and industrial life, and transmitted 
the remainder, like prudent husbandmen, 
unimpaired to succeeding generations? 
Or have we greatly depleted this priceless 
heritage of power, and comfort, and 
source of world-wide influence, by crimi- 





*State geologist of West Virginia. Abstract 
of an address delivered at the conference on 
the Conservation of Natural Resources, held 
at Washington, D. C., May 13, 14 and 15, 
1908. 
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nal waste and wanton destruction? The 
answer should bring a blush of shame to 
every patriotic American, for not con- 
tent with destroying our magnificent for- 
ests, the only fuel and supply of carbon 
known to our forefathers, we are with 
ruthless hands and regardless of the 
future applying both torch and dynamite 
to the vastly greater resources of this 
precious carbon which provident nature 
had stored for our use in the buried for- 
ests of the distant past. The wildest 
anarchists determined to destroy and 
overturn the foundations of government 
could not act in a more irrational and 
thoughtless manner than have our people 
in permitting such fearful destruction of 
the very sources of our power and great- 
ness. Let me enumerate some of the de- 
tails of this awful waste of our fuel re- 
sources that has been going on with ever 
increasing speed for the last 40 years. 


WASTE OF NATURAL GAS 


let consider how we _ have 
wasted natural gas, the purest form of 
fuel, ideal in every respect, self-transport- 
ing, only awaiting the turning of a key 
to deliver to our homes and factories, 
heat and light, and power. Partial nature 
has apparently denied this great boon to 
many other lands. It is practically un- 
known in France, Germany and Great 
Britain, our chief competitors in the world 
of industry. Even wood and coal must 
first be converted into gas before they 
will burn, but here is a fuel of which 
nature has given us a practical monopoly, 
lavish in abundance, already transmuted 
into the gaseous stage and stored under 
vast pressure to be released wherever 
wanted at our bidding. The record of 
waste of this, our best and purest fuel, is 
a national disgrace. 

At this very minute this unrivaled fuel 
is passing into the air within our domain 
from uncontrolled gas wells, from oil 
wells, from giant flambeaux, from leaking 
pipe lines and the many other methods of 
waste at the rate of not less than one bil- 
lion cubic feet daily and probably much 
more. 

Very few appear to realize either the 
great importance of this hydrocarbon fuel 
resource of our country, or its vast origi- 
nal quantity. Some of the individual 
wells, if we may credit the measurements, 
have produced this fuel at the rate of 
70,000,000 cubic feet daily, the equivalent 
in heating value of 70,000 bushels of coal, 


First us 


1 T E&* 


or nearly 12,000 barrels of oil. In my 
humble opinion the original amount of 
this volatile fuel in the United States, per- 
meating as it does every undisturbed 
geologic formation from the oldest to the 
most recent, rivaled or even exceeded in 
heating value all of our wondrous stores 
of coal. 

Suppose that it were possible for some 
Nero inspired by a mania of incendiarism, 
to apply a consuming torch to every bed 
of coal that crops to the surface from 
the Atlantic to the Pacific, and that the 
entire coal supply of the Union 
threatened with destruction within a few 
years, what do you think would happen? 
Would our State legislatures sit undis- 
turbed panoplied by such a carnival of 
fire? Would the governors of 30 States 
remain silent while the demon of flame 
was ravaging the coal resources of the 
republic? Certainly not; there would be 
a united effort by the governors and leg:s- 
latures of all the States in the Union to 
stay the progress of such a direful con- 
flagration; even the sacred constitutional 
barriers wisely erected between State and 
Federal authority would melt away in the 
presence of such an awful calamity, and 
the mighty arm of the nation would be in- 
voked to help end the common peril to 
every interest. And yet this imaginary 
case is an actual one with the best and 
purest fuel of the country, equal, proba- 


was 


“bly, in quantity and value for heat, light 


and power to all of our coal resources. 
This blazing zone of destruction extends 
in a broad band from the Lakes to the 
Gulf, and westward to the Pacific, em- 
bracing in its flaming pathway the most 
precious fuel possessions of a continent. 
No one can even approximate the extent 
of this waste. From personal knowledge 
of conditions which exist in every oil and 
gas field, I am sure the quantity will 
amount to not less than 1,000,000,000 cubic 
feet daily, and it may be much more. The 
heating value of a billion cubic feet of 
natural gas is roughly equivalent to that 
of one million bushels of coal. What an 
appalling record to transmit to posterity! 

From one well in eastern Kentucky 
there poured a stream of gas for a period 
of 20 years without any attempt to shut 
it in or utilize it, the output of which, it 
has been figured, was worth at current 
prices more than three million dollars. 
Practically the same conditions character- 
ized the first 25 years of Pennsylvania’s 
oil and gas history, and the quantity of 
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wasted gas from thousands of oil and gas 
wells in western Pennsylvania is beyond 


computation. In my own State, West 
Virginia, only eight years ago, not less 
than 500,000,000 cubic feet of this precious 
gas was daily escaping into the air from 
two counties alone, practically all of which 
was easily preventable, by a moderate ex- 
penditure for additional casing. When it 
is remembered that 1000 cubic feet of 
natural gas weighs 48 pounds, and that 
6000 cubic feet of it would yield a 42-gal- 
lon barrel of oil when condensed, so that 
a well flowing 6,000,000 feet of gas is 
pouring into the air daily the equivalent 
of tooo barrels of oil, what would our 
petroleum kings think, if they could see 
this river of oil (for the equivalent of a 
billion feet of gas is more than 160,000 
barrels of petroleum, and of practically 
the same chemical composition as_ben- 
zine, or gasolene) rushing unhindered to 
Would they not spend millions 
to check such a frightful waste of this 
golden fluid? And would they not be the 
first to appeal to the Government for aid 
in ending such great destruction of prop- 
erty? And yet because natural gas is in- 
visible, and its waste is not so apparent 
to the eye as a stream of oil, or a burning 
coal mine, the agents of these oil mag- 
nates have not only permitted this de- 
struction of the nation’s fuel resources to 
continue, but they have prevented by every 
means in their power the enactment of 
any legislation to stop this frightful loss 
of the best and purest fuel that nature 
has given to man. 


the sea? 


OIL 


There can be no doubt that for every 
barrel of oil taken from the earth there 
have been wasted more than ten times its 
- equivalent in either heating power or 
weight even, of this the best of all the 
fuels, and also that much more than half 
of this frightful waste could have been 
avoided by proper care in oil production 
and slight additional expenditures. 


ENormMous WASTE OF 


In justice to the great oil-producing 
corporations, it must be acknowledged 
that they have not permitted much waste 
of petroleum except what has_ been 
sprayed into the air by their awful waste 
of gas, and also that their handling of 
petroleum has been from the beginning, a 
model of business economy and manage- 
ment. The great mistake of the oil-pro- 
ducing interests has been in not properly 
ipprehending the enormous fuel value of 
the natural gas they were destroying, and 
in not demanding legislation for its pro- 
tection, instead of successfully throttling 
preventing it in every State of the 
Union except one—Indiana. When the 
people of that great State awoke to the 
fact that their richest mineral possession 
was being rapidly wasted, they rose to the 
occasion, and although it was largely a 
case of “locking the stable door after the 
I had been stolen,” they effectually 
ented any further useless waste of 
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natural gas. This Indiana statute which 
has been declared constitutional by our 
highest courts, says in effect to the oil 
producers: “You cannot take the oil from 
the ground where nature has safely stored 
it, until you provide a method of utilizing 
the accompanying gas, or volatile oil as 
well” ; and it also says to both the producer 
and consumer of natural gas, that it is 
against “public policy” to waste this valu- 
able fuel and that it will not be permitted 
to either party. This Indiana statute for 
the conservation of petroleum and natural 
gas should be enacted into law in every 
State where these precious fuels exist, 
and why has it not been done? Let the 
answer be found in the history of my own 
State, where the waste of natural gas has 
been exceeded only by that of our sister 
State of Pennsylvania. 

For ten years your speaker has appealed 
in his official capacity as State geologist 
to the legislature of West Virginia to put 
some check upon this frightful waste of 
our State’s most valuable resource. Three 
patriotic governors have in every bien- 
nial message the legislative 
branch to end this criminal destruction by 
appropriate legislation, but some unseen 
power greater than governors or legis- 
latures has so far thwarted and palsied 
every effort to save to the State and the 
nation this priceless heritage of fuel, so 
that although five successive legislatures 
have attempted to deal with the ques- 
tion in biennial 
line has yet been added to the statutes, 
and at this very hour not less than 250,- 
000,000 cubic feet of gas, and possibly 
more than double that quantity is daily 
being wasted in this State alone, 80 per 
cent. of which is easily and cheaply pre- 


besought 


sessions not an effective 


ventable. 

Why should a few oil producers in their 
insane haste to get rich quickly, or add to 
fortunes already swollen beyond safety to 
the republic be permitted thus to despoil 
the entire country of its choicest fuel? 

But surely if men have thus permitted 
the loss of our gaseous fuels, often be- 
cause they could the sub- 
stance itself nor realize the extent of what 


neither see 
they were doing, certainly they would not 
be so wasteful of the solid fuels, the coal 
beds, something they can readily perceive 
and handle and weigh. 
is also one to make every citizen of our 
nation feel distressed and humiliated, for 
of the total quantity of coal we have pro- 
duced since mining for commercial pur- 
poses began, amounting to about 5,000,- 
000,000 tons, at least an equal amount, and 
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possibly more, has been left in abandoned 
mines, and irretrievably lost. You who 
are unacquainted with the details of min- 
ing operations, and of the structure of 
coal beds will doubtless wonder how such 
a vast loss of fuel could take place. There 
are many causes for the existence of 
enormous waste in the extraction 
of coal. Let me enumerate a few of 
them 
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WASTING OF COAL 

First: The individual coal bed is not 
all pure coal and this is especially true 
if it be very thick. Some of it consists 
of layers of sulphurous or bony coal, rich 
in carbon, it is true, but containing more 
ash, sulphur, or earthy material than first- 
class coal should hold; hence the pur- 
chaser objects, and refuses his patronage 
to the party who sends him coal that is 
high in ash. There being no market for 
such coals, the operator leaves this kind 
of fuel unmined if it be in either the roof 
or bottom of his coal bed, and if it be 
interstratified with the pure coal, as it 
frequently is, he simply throws it along 
with other mine refuse into the gob heaps 
within the mine, or piles it in the hillocks 
of culm containing shale, clay, and other 
waste material at the entrance. 

The quantity of this impure coal varies 
from 10 to 50 per cent. in nearly every 
coal bed, and it would probably average 
25 per cent. in all the mines of the coun- 
try. This material is rich in carbon, both 
fixed and volatile, amd when utilized 
through the agency of producer gas, and 
the gas engine, will yield much more 
power than the same weight of the best 
Cardiff or Pocahontas when the 
steam engine is the agency of conversion. 
Why should our great manufacturing in- 
dustries permit one-fourth of our entire 
coal resources to be thus wasted and per- 
manently lost, when the researches of the 
technological branch of the United States 
Geological Survey have fully demon- 
strated the practicability of converting 
these impure coals into great sources of 
power? If in all new installations pro- 
vision were made for the use of gas en- 
gines, a large portion of these impure 
coals could be utilized, our purer 
types of fuel preserved for other purposes. 


coal 


and 


Second: In the mining of coal, it is 
necessary to support the overlying strata 
over large areas of the mine in order that 
the coal may be even partially taken out 
and hence it is the common mining prac- 
tice temporarily to utilize about 50 per 
cent. of the solid coal itself, in the shape 
of supporting pillars for the protection of 
roadways, air courses, working rooms, 
On account of accidents, like falling 
crushes,” 


etc. 
roof rock, “squeezes,” “creeps,” “ 
mistakes in mine engineering, bad roof, 
and other causes, huge 
pillars are frequently submerged and sur- 
rounded with broken rock material and 
thus another large portion of every coal 
bed, the quantity varying from 10 to 50 
per cent., is utterly lost, so that approxt- 
more of the nation’s 
wasted these 
causes. 


many of these 


mately 25 per cent. 
coal resources is 
largely preventable 

With 50 per cent. of our coal left in the 
abandoned mines from which it can never 
be recovered except at enormous ex- 
pense, one would think that the end had 
come to wanton destruction of our coal 


from 


resources, but not so. 
A third means and one of unknown ex- 
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Some of 
the impure layers of coal have a still lar- 
ger percentage of earthy matter, and then 
they become partings of shale, the fossil 
imuds and soils borne into and spread over 
the ancient peat the draining 
These partings 
few inches to 
When thin, and not exceed- 
ing 6 to 12 inches, the usual mining prac- 
to take them out and secure the 


tent has yet to be considered. 


bogs by 
streams of geologic time. 

vary in thickness 
several feet. 


from a 


tice is 


coal, but where they attain a thickness of . 


IS to 24 inches, their removal entails too 
much expense for the production of bitu- 
miinous under present commercial 
conditions, and hence the parting is not 
removed and the underlying or overlying 
coal, as the case may be, is left in the 
mine usually in such a condition as to be 
practically - irrecoverable. 


coal 


These parting 
shales often occur near the middle of the. 
coal seam, and thus one-half of the bed 
will remain buried in mine rubbish with 
no possibility of ever securing its precious 
fuel. Very much akin to this is another 
kind of waste about which we as yet can- 
not even approximate its extent. It is 
well known that in very rich coalfields 
several (three to ten) beds of coal may 
overlie each other in the same mountain, 
separated by from 5 to 200 feet of rock 
material. It often happens that the thick- 
est and best of the beds may underlie all 
the others, and hence will be the first ones 
mined, regardless of the fact that when 
the overlying strata break down, some and 
possibly several of the higher coal beds 
will be so dislocated and disturbed and 
their areas so permeated with deadly gases 
from the abandoned mines below, that 
much of this higher coal will be lost. Just 
how much no one yet knows, but it is 
feared that the fuel waste from this source 
will prove large. Of course, nearly all 
of this loss could be prevented by mining 
the higher first. Another deadly 
peril to deep-coal mining is an incident 


beds 
»f oil and gas production. Many thou- 
sands of holes have been drilled through 
the coal measures to reach the productive 
oil and gas zones below. Very many of 
them have found only natural gas, and 
anless the well was very large or a profit- 
has 
heen drawn and the well abandoned. It 


ble market near at hand, the casing 


is greatly feared that in such cases, 


an- 
other great menace wi!l be added to the 
coal-mining industry, since these aban- 


coned oil and gas wells which penetrate 

the coal measures are numbered by the 

thousand, and no accurate public charts 

cof the same have ever been kept. 
Conpitions ARE GENERAL 

The same story of waste of fuel comes 

The 


States Geological 


from every mining center. 
of the United 


experts 
Survey 


report the quantity of fuel left unmined 
in the ground all the way from 40 to 
per cent. of the total deposits. 

The mining of bituminous coal, and the 
manufacturing industries dependent there- 
on originated at Pittsburg, only about a 
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century ago, and her citizens as well as 
all others may learn a useful lesson by re- 
calling the history of this beginning. The 
earliest settlers found there cropping high 
in the steep hills which border the Monon- 
gahela river a thick bed of splendid coal. 
As roadways could not be constructed to 
the inaccessible cliffs where the coal was 
first discovered, some other method of 
securing it was necessary. 

At that time the American bison, or 
buffalo, roamed the vast plains of the mid- 
dle West in countless millions, and these 


animals were so abundant even in the 
Pittsburg region that their skins were 
used for conveying the coal from the 


mines to the factories in the valley below, 
a few bushels of coal being sewed up in 
each hide and then rolled down the steep 
slopes. To our forefathers the supply of 
buffalo appeared “inexhaustible,” and yet 
less than a century of wanton slaughter 
has practically exterminated this noble 
animal. This passing of the buffalo illus- 
trates in a striking way what will just as 
surely happen to vast areas of our fuel 
resources, great as they are, even within 
the limits of the present century, unless 
our people awake to what they are doing 
and make a determined effort to stop their 
destruction. The people generally have 
been so often told of their “inexhaustible” 
supplies of fuel, that its waste has not im- 
pressed them as a 
serious thought. 
lieved that 


problem worthy of 
They have generally be- 
its exhaustion was so remote 
that its consideration, even, concerned the 


present only in an academic way. Let us 
see about that. We shall take for our 
illustration the Appalachian coalfield, 


which is conceded by all to be the richest 
in fuel of any on the continent. It is also 
the most important to the welfare of the 
country, since it is nearest the seaboard, 
and contains the vast bulk of our good 
coking coals upon which our pre-eminence 
in the iron and steel industry depends. 
With the exception of a few narrow strips 
close to regions of disturbance or 
folding in our western country, no first- 
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class coking coals have yet been, discov- 
ered in the United States outside of this 
Appalachian basin. 


IN THE APPALACHIAN FIELD 

It has long been recognized by all that 
the Pittsburg located in the 
heart of the Appalachian field where fuel 
of every description is most abundant, and 


most accessible. 


district is 


You will pardon a per- 
reminiscence which illustrates how 
an eminent political economist regarded 
this favored region. 


sonal 


It was my good for- 
tine to accompany the lamented Blaine, 
one of the greatest statesmen that Amer- 
ica has ever produced, up the beautiful 
Monongahela river, the last time that he 
visited his boyhood’s home, 20-odd years 
ago. He had acquired 1109 acres of Pitts- 
burg coal lands in the vicinity of’ Eliza- 
beth, about 22 miles abore Pittsburg, and 
the party stopped there a few hours to 
permit Mr. Blaine to examine his prop- 
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erty which he termed his “savings bank,” 
since he ‘had acquired it by the occasional 
purchase of small farms during a period 
of several years. Being curious to know 
why he had made an investment of this 
kind so far removed from his home in 
Maine, I asked him how it happened. His 
reply impressed me deeply because it con- 
tained a prophecy. He said: that cheap 
fuel was the most important element in 
the life of nations, and that in looking 
the country over he had concluded that 
there was more oi it easily accessible to 
the Pittsburg region than in any other 


portion of the country, and hence the 
Pittsburg district would sometime be- 
come the manufacturing center of the 


world, and therefore that investments in 
its coalfields could not fail to prove re- 
munerative. The prophecy of that far- 
seeing statesman was fulfilled much sooner 
than even he expected, since Pittsburg has 
certainly held first place among the work 
shops of the world for the last Io years 
It is not generally known that the ton- 
nage originating in the Pittsburg district 
and passing through it now exceeds that 
of the four greatest seaport cities of the 
world, London, New York, Liverpool, and 
Hamburg combined, so that not only 
Pennsylvania, but State in the 
nation is interested in perpetuating as 
long as possible this empire of industry 
which natural resources 
and the genius of the American people 
have conquered. How long can we hope 
to maintain this industrial i 
the iron and steel business of the world 
Just so long as the Appalachian coalfield 
shall continue to furnish cheap fuel and 
no longer. If the wasteful methods of the 
past are to continue; if the flames of 
35,000 coke ovens are to continue to make 


every 


our wonderful 


supremacy in 


the sky lurid within sight cf the city of 
Pittsburg, consuming with frightful speed 
one-third of the power and halt of the 
values locked up in her priceless supplies 
of coking coal, the present century will 
see the termination of this 
Many of you may not credit this state- 
ment, so let us do scme figuring on the 
matter, as an aid in forecasting the future. 


supremacy. 


All will admit that no portion of the 
Appalachian field is richer in fuel re- 
sources than the Pittsburg district, and 


if we can estimate approximately how 
long its fuel will last, we will have gaged 
in a rough way the productive life of the 
Appalachian field. 


PERTINENT STATISTICS FROM PENNSY! 


VANIA 
The Pittsburg Coal Company owned, on 
January 1, 1998, eccording to its recent 
annual report, 143,990 acres of the Pitts 


burg coal bed, or practically one-sevent 


of the entire acreage of this famous seam 
remaining yet unmined in Pennsylvan 
During the vear it exhausted 2241 ac 
obtaining therefrom for all purposes 
18,000,000 tons of coal or an average of 
8000 tons to the leaving in 
ground about 5909 tons per acre of w 


acre, 
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and unmined fuel. 
of 8000 tons may be taken as a measure 
of the total amount of first-class fuel that 
will be won under present mining methods 
from each acre of Pittsburg coal yet re- 
maining unmined in the Pittsburg district. 


Hence this average 


In 1906, Pennsylvania produced 1009,- 
000,000 tons of bituminous coal, 84,000,000 
of which came from the five counties of 
Allegheny, Fayette, Greene, Washington 
and Westmoreland, which hold practically 
all of Pennsylvania’s Pittsburg coal area. 
In 1907, Pennsylvania produced  129,- 
000,000 tons of bituminous coal, and in 


the 


absence of exact statistics it is safe 
te say that at least 100,000,000 tons of this 
product came from the five counties in 
question, and not less than 95,000,000 tons 
of it from the Pittsburg seam. ° 

There remains 
vania only 


unmined in Pennsyl- 
1,100,000 this great 
coal bed, or a total available product of 
§,800,000,000 tons of coal measured by the 
quantity (8000 tons per acre) obtained by 
the best mining methods of a great cor- 
poration during 1907. 


acres of 


Eighty-eight hun- 
dred million divided by 95,090,000 yields 
a quotient of only 93 as the number of 
years this fuel in the Pittsburg seam will 
last if the annual production 
should not be increased by a single ton. 
But whois there to say it will not be 
doubled even within the next decade? 
The West Virginia productive area of 


present 


this great bed is only about the same as 
that of 
tiguous region can add only a 
to the life of the Pittsburg 
duction. 


this con- 
few years 
coal pro- 


Pennsylvania, so that 


It may be replied that the 
series Of coals which underlie 


Allegheny 
the Pitts- 
burg bed may add greatly to the fuel re- 
sources of the Pittsburg district. This is 
an error, as the coals in the Allegheny and 
Conemaugh appear to thin away 
and disappear as commercial propositions 


series 


when they pass beneath the principal areas 
of the Pittsburg coal, while the active de- 
mand for at the seaboard will ex- 
haust all. ofthe productive areas of these 
lower and thinner coals with our present 
wasteful mining methods, even before the 
Pittsburg bed fails. 


coal 


The productive coal 
rea of the Appalachian basin has been 
greatly over estimated, in every one of 
the six great States through which it 
from Pennsylvania to Alabama. 
[he drill of the seeker for petroleum and 
natural it has untold 
millons of precious fuel, has taught one 
useful that wide 
50 to 75 miles in breadth deep down 

the center of the Appalachian basin 

is practically barren of commercial 
This barren area begins with the 

tr measures just north from Pittsburg, 


passes 


while wasted 


gas, 


lesson, viz, there is a 


embracing large portions of the for- 

supposed coalfields of both Ohio and 
°. 

southwest into 


Vest Virginia, passes 


Kentucky, having a breadth of 25 miles 
Where it enters that State. 


what extent the productive area of 
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Alabama _ will 
be affected by the southward extension of 
this barren belt which has already cut 
the former Pennsylvania, 
Ohio and West Virginia in half, we do 
not yet know, but certain it is that all 
the great coal instead of 
holding productive entirely 


Kentucky, Tennessee and 


estimates of 


formations, 
coal across 
this basin as formerly supposed, are pro- 
ductive only as fringes 20 to 30 miles in 
breadth around the borders of the basin, 
while the great central trough is prac- 
tically destitute of valuable coal. Hence 
with only a reasonable ,estimate for in- 
creased coal production, if the present 
wasteful mining methods continue, there 
will be but little coal for manufacturing 
purposes within 100 miles of Pittsburg at 
the opening of the next century, and prac- 
tically no cheap fuel left in the entire 
Appalachian basin with which to maintain 
our supremacy in the iron and steel trade 
of the world. 

The prospect is not a pleasing one to 
contemplate. That celebrated word pic- 
ture of Lord Macaulay in which he de- 
scribes a future traveler as standing on a 
broken arch of London bridge, in the 
midst of a solitude, sketching the 
ruins of St. Paul’s, may find its substan- 
tial counterpart much nearer home than 


vast 


we could wish. 





Meeting of Smoke Abatement 


Interests 





By A. BEMENT 


The members of the coal-stoking and 
anti-smoke committee of the Illinois Coal 
Association met at Chicago, 
May 5, in conjunction with the Chicago 


Smoke Abatement Commission, and W. 
i. 
E 


Operators’ 


. Abbott, of the Western Society of 

ngineers, for the purpose particularly of 
arranging a basis for codperation between 
the three bodies represented and the city 
smoke department. Preliminarily the at- 
titude of the smoke-abatement commis- 
sion was discussed, and to an inquiry as 
to if it is the purpose of the commission to 
enforce the smoke ordinance in a manner 
which would be harmiul to the 
IWinois coal and favorable to that of East- 
ern semi-bituminous, T. E. Donnelly, 
president of the commission, stated that 
such was not the intention; that the com- 
mission did not expect to eliminate smoke 


sale of 


by means of the use of foreign coal, but 
that it anticipated doing so with Illinois 
coal; and, with the exception of a few 
minor and unimportant cases, has not sug- 
the 
Pocahontas coal. 


gested use of semi-bituminous or 


To further inquiry, Paul P. Bird, city 
smoke inspector, stated that in every case 
where offenders had been sued, it was be- 
they had shown antagonism and 
were disposed to seek a fight with the de- 
partment. From the general tenor of the 
statements of the representatives of the 
would that the 


cause 


ccmmission, it appear 





members of the association would have 
no cause for criticism, although Mr. Don 
nelley stated that they would be glad to 
take up any individual case where it might 
appear that injustice had been done in the 
enforcement of the ordinance. 

The anti-smoke through 
Chairman Carl Scholz, expressed its ap- 
preciation of the attitude of Mr. Bird, and 


also of the smoke-abatement commission, 


committee, 


as outlined by the president and the sec- 
retary, F. A. 
feasible means of codperation toward rea- 
sonable and just measures for the sup- 
pression of smoke, because it is realized 
that if Illinois coal may be burned without 
smoke, it will be to the benefit of the local 
product. 


Ingalls, and offered every 


It was the opinion that steps be taken to 
secure the results indicated by the follow 
ing three paragraphs (although no action 
was taken), and that the work be directed 
by a joint committee from the Western 
Society of the 
ment commission and the coal-stoking and 
anti-smoke the Illinois 
Coal Operators’ Association, and that the 


Engineers, smoke-abate 


committee from 


facts be set forth in some convenient form 
of publication which would insure maxi- 
mum publicity: 

1. That attention be called to the im- 
portance of the personal equation of the 
fireman as a cause of smoke. 

2. That the 
on smoke be 


influence which coal has 


discussed and_ described. 
This appears to be a feature of the very 
greatest importance, because consumers 
often believe that by changing the dealer 
or the the 


they will product 


coal 
get a that makes 
less smoke, which practice causes much 


location whence comes, 


confusion and trouble without producing 
Thus often the fire 
man may say that the coal is bad and of 


any beneficial result. 


a smoky character, when in reality it may 
be the fault of the man who improperly 
manipulates the fire, therefore, it was felt 
that the 
these facts. 


desirable coal user understand 

3. That the importance and desirability 
of the use of a better class of furnace ap 
paratus be definitely and decidedly em 
phasized, and that an effort be made to 
produce in the mind of the general public 
a realization that there is a difference be 
make 


will not 


smoke if carefully manipulated, and one 


tween apparatus which 
which will be smokeless under any 
dition of operation, and to urge the devel. 


opment and installation. of the latter char 


con 


acter of device. 

In reference to the foregoing there was 
unanimous agreement on every point 
among all present with the exception ot 
Colonel A. F the 


committee, who took a decidedly different 
position, his argument being that it is im 


Read, of anti-smoke 


possible to burn bituminous coal without 
smoke, and that it is an injustice to the 
public as well as the members of the as 
enforce laws 


sociation to prohibiting 


smoke. 
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New Type of Main Bearing for the 
“Reliance” Corliss Engine 


By CLaupDE AIKENS 


While the “Reliance” Corliss engine, 
designed by Edwin Reynolds for the Allis- 
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This design has one very prominent ad- 
vantage, viz, it permits the removal of 
the bearing boxes, when necessary, by 
merely rotating these around the shaft 
after the pressure on them has been re- 
moved by slightly lifting the shaft. 

The bearing, as a whole, is, however, 
subject to some disadvantages, and in 

















FIG. 2. 





FIG. I. OLD TYPE OF 
Chalmers Company, has for many years 
becn known as a standard type for gen- 
eral power service, its reputation has been 
maintained largely through constant effort 
on the part of the builder to incorporate 
in the machine each improved feature 
suggested by actual operating conditions, 
systematically observed and reported from 
numerous power stations throughout the 
world; and any noteworthy departure 
the established design is therefore 
of interest. 


from 


The latest improvement to be made in 
the construction of this engine is found 


MAIN BEARING 
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and a quarter-box at the back. The 
wooden strips which were formerly used 
between the cap and the shells have also 
been eliminated, and the cap draws down, 
metal to metal, to the quarter-boxes, 
clamping them solidly to the lower shell 

The frame of the engine extends well 
in front of the main bearing, Fig. 3, and at 





DETAILS OF NEW TYPE OF BEARING 
































FIG. 4. 
in the main bearing. As originally built, 
Fig. 1, it was a three-piece bearing, hav- 
ing a lower shell extending around three- 
quarters of the circumference of the shaft, 
a quarter-box at the front, adjustable by 
means of screws in the frame, and a cap. 


NILES TOOL USED IN BUILDING “RELIANCE” ENGINES 


order to avoid them the design has been 
changed, as illustrated in Fig. 2, from a 
three-part to a four-part box. The front 
quarter-box has not beet hanged, but the 
lower and back shells have been divided, 
leaving a semi-circular shell at the bottom 





3. TOP VIEW OF “RELIANCE” ENGINE FRAME 


this point has been made especially strong 
and heavy. It is in one piece, of box- 
section, strongly ribbed internally and 
with a broad bearing surface on the foun- 
dation. The design is of the so-called 
“straight line” pattern, in which the metal 
extending from the main bearing to the 
cylinder parallels the lines of working 
strain, thus to prevent all bending of 
twisting moment, and the cross-section of 
iron is large, thereby reducing the strain 
per square inch to a low figure, and de- 
signed to enable the engine safely to with- 
stand high pressures and extreme overloads. 
Particular attention was also given in this 
design so to distribute the metal as to in- 
sure uniformity in cooling after pouring, 
thereby obviating shrinkage strains. In 
this connection it is of interest, further- 
more, to note that the guides are cast in 
one piece with the frame, and the end 
of the frame faced, the guides bored and 
the main bearing machined at one setting, 
thus insuring accurate alinement. Fig. 4 
shows one of the special Niles tools used 
for the purpose. 
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Combination of Reciprocating 
Steam Engines and Tur- 


bines 


Hon. C. A. Parsons, C. B., F. R. S., 
D. Sc. N. A., and R. J. Walker have just 
presented a paper to the Institution of 
Naval Architects of England upon the 
“Combination System of Reciprocating 
Engines and Steam Turbines.” They say: 
“In 1894 a patent was taken out for the 
combination of a reciprocating engine 
with a steam turbine, whose object was 
to increase the power obtainable by the 
expansion of the steam beyond the limits 
possible with reciprocating engines. The 
first instance of a separate turbine was 
in the ‘Turbinia’s’ machinery in 1897. 
The pressure at entry of the low-pressure 
turbine was about nine pounds, absolute, 
and the exhaust one pound, absolute. The 
slip ratio of her three shafts showed that 
the low-pressure turbine developed about 
one-third of the total horse-power ob- 
tained from the steam at 160 pounds pres- 
sure, agreeing closely with calculations. 
In the year 1902 the combination of re- 
ciprocating engines exhausting into tur- 
bines was first put into practical test in 
His Majesty's destroyer ‘Velox’. The 
combination gave excellent results for the 
cruising speeds, but above 13 knots the 
reciprocating engine had to be cut out 
and steam admitted into the turbines 
alone. The cruising speeds of war ves- 
sels have been increased and in vessels 
subsequent to the ‘Velox’ additional high- 
pressure turbines have been fitted; an ar- 
rangement which permits of good econ- 
omy over a wide range of cruising speeds. 

“Perhaps the most important field for 
the combined system of machinery as ap- 
plied to marine propulsion is for those 
installations where the designed full 
speed of the vessel falls below the range 
suitable for an all-turbine arrangement. 
The reciprocating engine working in the 
region of pressure drops where the con- 
ditions are best suited for it, and the 
turbines utilizing that portion of the ex- 
pansion diagram which the reciprocating 
engine is not able to utilize efficiently. It 
is generally well known that an_all- 
turbine arrangement has not been ad- 
vocated by the authors for ships where 
the designed speed falls below 15 or 16 
knots, excepting in some special cases, 
such as yachts, and for vessels of moder- 
ate or slow speed the combination system 


of machinery appears to be eminently 
suitable.” 





The Exeter, Hampton and Amesbury 
Street Railway Company, of Massachu- 
Setts, is considering the installation of a 
gas operated power plant of 1000 horse- 
Power capacity at Exeter, N. H. F. C. 
Sargent, of the Malden Electric Company, 
Malden, Mass., is the engineer-in-charge. 
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Water Power Development in the 


Appalachian Mountains 


The greatest development of water 
power that has ever taken place in the 
United States has been accomplished dur- 
ing the last few years on the rivers which 
drain the Southern Appalachian moun- 
tains, according to an official report’ on 
the water resources of this region. It is 
estimated that there is at least 2,800,000 
indicated horse-power developed by the 
streams which have their headwaters on 
this watershed, and more than half of 
this indicated power is available for eco- 
nomic development. 

Only a comparatively small part of this 
has been made use of yet, but the portion 
that has been utilized has been one of the 
most important factors in the recent in- 
dustrial development of the South. In 
the future the use of this power and its 
value are bound to increase tremendously. 
Manufacturing plants are constantly in- 


creasing in number in the region, and it is’ 


reasonable to expect that in time the center 
of the cotton-weaving industry in the 
United States may be moved from the 
streams of New England, where it has 
remained for so long, nearer to the source 
of supply for the raw material. 

Moreover, water power, or power orig- 
inating in the streams, will be more and 
more in demand here, as everywhere else 
in the country, on account of the increas- 
ing cost of fuel power through dwindling 
fuel resources of the country. Already 
the water power costs much less than the 
fuel, and the difference will inevitably 
grow greater. One great difficulty of the 
users of water power not only in the 
South, but along the New England 
streams as well, though possibly to a less 
degree in the latter locality, is the fact 
that it cannot be depended upon the year 
around, but must be supplemented and re- 
placed for some weeks or months every 
summer by costly fuel power, because the 
streams run too low to be of service. 

More than this, as the years go on mill 
owners are painfully aware that the low- 
water growing longer and 
longer. This is because the forests at the 
headwaters of the streams are being cut 
off, with the result that the melting winter 
snows and the spring rains pour off the 
denuded and hardened land in devastat- 
ing floods, sending down for a few weeks 
far more water than they can use, and 
morever, reducing the capacity and use- 
fulness of their mill-ponds by filling them 
with hundreds of tons of sand and soil 
which the floods scour off the unprotected 
upper slopes. 

Nowhere are business men wider awake 
to the danger than in the South. If in 
discriminate cutting of the forests on the 
crests of the watershed can be stopped, 
there is a possibility, according to a recent 
report of experts, of increasing the de- 


periods are 


velopment of power up to anywhere from 
3 to 30 times the 1,400,000 horse-power at 
present available. Without it, 
nothing can be done. The method pro- 
posed to develop the Appalachian river 
resources to the total of 42,000,000 horse- 
power is by 


almost 


storage reservoirs, which 
would catch the surplus waters of the 
spring and retain them until the summer 
months when the mills now have to fall 
back on fuel or close down. 

The United States 
has kept records of 


Geological Survey 
stream-flow in the 
Appalachians for a number of years and 
recently they made a careful study of the 
possibilities of storage reservoirs in that 
region. The Forest Service has published 
their report under the title, “The Relation 
of the Southern Appalachian Mountains 
to the Development of Water Power,” as 
Forest Service Circular 144, and will send 
it free to anyone upon application. The 
experts of the 


Geological who 


made the investigation, after picking out 


Survey 


reservoir sites and estimating their capa 
city and the area from which they would 


receive the run-off, consider the figures 


given above extremely conservative. Even 
with only 1,499,090 horse-power, the an 
nual return at $20 per horse-power per 
year would amount to $28,000,000. That 
is equal to a gross income of 3 per cent. 
on a capital of about $933,000,000. These 
figures seem to justify a considerable out- 
lav of money to 
pr mised. 


achieve the benetits 





Bulletin No. 18, “The Strength of Chain 
Links,” by C. A. Goodenough and L. FE. 
Moore, has just been issued by the engi 
neering experiment 
versity of Illinois. In speaking of this 
bulletin the announcement: is made that 


station of the Uni 


“a series of experiments on chain links 
and circular rings, covering a period of 
two years, has been made for the pur 
pose of confirming or disproving a theo 
retical analysis of the stresses in links 
and rings. A comparison of calculated 
and measured distortions: affords the de 
sired test. The result of the experiments 
is a complete confirmation of the analysis. 
Having a reliable theery, the 
moments and maximum stresses are cal 


culated for links of various forms and the 


bending 


results of such calculations are applied 
to the formulas for the loading of chains 
given by Unwin, Bach and Weisbach. It 
is shown that the usual formulas for chain 
loads give maximum tensile stresses of 
33,000 to 40,000 pounds per square inch, 
and maximum stresses of 

New for- 
The 
bulletin is concluded with four appendices 
giving in full the theoretical discussion 
which is the basis of the experimental 
Copies of the bulletin may be ob- 
tained from the director of the station, at 
Urbana, III. 


compressive 
60,000 pounds per square inch. 
mulas for safe loads are proposed. 


work.” 
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xpansion and Contraction in Steam Pipes 


Simple Exposition of the Calculation Involved, in Laying Out 
a System of Steam Piping, to Insure Flexibility at All Times 





BY 


In laying out a system of steam piping 
for a power plant perfect freedom for ex- 
pansion and should be _ al- 
lowed, to prevent undue strains on any 
member of the system or at the joints, 
causing them to leak. The old types of 
slip-expansion joints having proved a con- 
stant source of trouble and expense re- 
quiring frequent repacking and adjust- 
ment, are seldom, if ever, used on a good 
job of piping. If absolutely necessary, 
however, to use this type of expansion 
joint, the piping should be so anchored as 
to prevent the joint from pulling apart. 

With the advent of higher steam pres- 
sures and correspondingly higher tem- 
peratures and velocities, more attention 
has been given to the proper designing of 
piping systems and constructive details 
than in the past. Steel pipe bends of long 
radius are used wherever practical in 


contraction 


WILLIAM 


F, 


fitting or cracked flange may be the re- 
sult, making it mecessary to. cut out one 
or more units while making repairs. Many 
leaky joints can be traced to this cause. 

No special rules can be given for de- 
signing and anchoring for expansion. The 
designer must depend on his own good 
judgment in placing the bends, anchors 
etc., where they will do the most good. 
However, a knowledge of the expansion 
of pipes when heated is essential. 


EXPANSION 

In Fig. 1 there is shown a Io-inch extra 
heavy steam pipe, and two clamps AA 
anchored rigidly to the walls. Say, for 
example, the pipe was placed in the posi- 
tion shown, at a temperature of 60 de- 
grees Fahrenheit, anchored rigidly be- 
tween one clamp and allowed to move 
freely through the other when expanding ; 
































place of the cast elbows of short radius. supposing that while in this position, 
[o Wall © 
© 
Clamp AN wf 3— fy] Clamp A 
\2 Strong Pipe j= 
i 6} 
| (Oj Wall | J} Anchored 
— — 4 in Wall 
ric. I 
They take up the expansion stresses, steam at 250 pounds pressure (above 


making the system more flexible through- 
out; reduce vibrations and friction, and 
deliver the steam to the engine with a 
lower drop in pressure. 

Pipe bends curvegl to a radius of less 
than five diameters of the pipe are un- 
desirable as expansion bends, because, be- 
ing so stiff, they fail to take up the ex- 
pansion in the line, and a good deal of 
strain is thrown on the fittings and joints. 
The radius should be at least five or six 
pipe diameters and if possible even greater 
than six diameters, say ten or twelve, in 
order to give sufficient elasticity. 


ANCHORING 

The method of anchoring the steam line 
and the position of the anchor are im- 
portant details. The line 
anchored as to throw strains on 
the joints, working the gaskets and bolts 
loose and causing leakage; er a 


may be so 


severe 


broken 


vacuum) was turned into it superheated 
100 degrees, would heat and 
cause it to expand and slide through the 
clamp at the free end. 

The elongation of the pipe, due to ex- 
pansion due to the difference of the above 
temperatures, can be calculated by the fol- 
lowing formula: 

Qa itr 


the pipe 


(1) 


where 





e= Amount of expansion or contrac- 
tion, in inches, due to heating or 
cooling of pipe; 

L=Length of pipe, in inches, at its 
original temperature before heat- 
ing 


rr cooling; 
T = Difference in Fahrenheit 
of temperature between the origi- 
nal temperature of the pipe and 
its temperature after being heated 


or cooled; 


degrees 


C = Coefficient of linear expansion. 





FISCHER 


We have assumed the original tempera- 
ture of the pipe to be 60 degrees Fahren 
heit. In the steam tables we find the tem- 
perature of steam at 250 pounds above 
vacuum to be 4or degrees Fahrenheit 
Adding 100 degrees of superheat we ob 
tain 


401 + 100 = 501 


degrees Fahrenheit, which equals the 
temperature of the steam flowing through 
the pipe. Assuming the pipe to be heated 
to the temperature as the 


then 


same steam, 


T = 501 —60= 441 

degrees Fahrenheit. 
Assume 
tween the 


the length ZL, or distance be- 


clamps to be 60 feet, then 


.==00 92 = 920 
inches. 


The coefficient of expansion C can be 
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found in almost anv engineers’ hand-book 
for different materials. 

For wrought iron it is usually taken as 
0.00000686; for untempered steel and cast 
iron as 0.000006; for brass as 0.00001 


and 
for copper as 0.900009. 


3y substituting the above values for 


and 7’, and taking C for steel pipe as 
0.000006 we obtain in formula (1) 
ele Ff, 
or 
€ = 720 X 0.000006 X 441 = 1.90, 


or 17% inches. 

That is, the original length of the pip 
has been feet to 6 
feet 17g inches, due to the added temper 
ature of 441 degrees, and the moveme: 


increased from 60 


.of the pipe through the loose clamp 


174 inches. 
Force oF EXPANSION 
If we assume the pipe to be clamp 
between both clamps while at its origina 
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temperature, 60 degrees Fahrenheit, in ex- 


panding when heat is added it would 
exert a thrust against the clamps as 
shown by the leaders BB, and either the 
clamps would spring, or the pipe would 
buckle or bend owing to its 
great length as compared with the diam- 
eter. 

We can calculate fairly correctly the 
magnitude of this thrust by the following 
three formulas: Formula (1), as used for 


sidewise, 


expansion and contraction, and formulas 
(2) and (3), which are used in finding 
the elongation of a bar of metal due toa 
(1) 


given external force. In formula 


c= LCT, 






Wall Anchor 
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is due to an internal force due to heating 
the pipe, and the elongation e, formulas 
(2) and (3), is caused by an external 
force, such as a weight, or pull. 

If we substitute e in formula (1) for 
e in formula (3) we get 
eAkE 
ce 
and by substituting for ¢ 
LCT we get 


P= - 
its equivalent 
P= LETAE 
7. ; 
and by carcelling L we have 
Pa CTA, 
where 
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For Long Runs 
FIG. 3 








FIG. 4 


the rotation being the same as previously 
used. 
In the formula 


Page & 
a= (2) 
and in the formula 
@e,;AkE 
Pas 225 
Z (3) 
e= Total elongation of body in 
inches; 
A = Area of metal of a cross-section 


of body in square inches; 
P = Total stress on body in pounds; 


L = Total original length of body in 
inches; 
E = Coefficient of elasticity of metal 


composing body. 
E for wrought iron = 25.000,000 ; 
E for steel = 30,000,000 ; 
E for cast iron = 15,000,000. 
formulas (2) and (3) e is equiva- 
to e in formula (1) with the excep- 
that the elongation e in formula (1) 








P= Magnitude of thrust in pounds 


exerted by the pipe when ex- 

panding, or the pull when con- 
tracting ; 

C = Coefficient of 


E = Coefficient of elasticity; 


linear expansion ; 


A= Area of metal in cross-section of 
pipe in square inches; 

T = Difference in 
heit of temperature between the 


degrees Fahren 

original temperature of pipe and 

its temperature after being 
heated or cooled. 

Thus, formula (4) should give us the 
magnitude of the thrust exerted by the 
pipe as it expands. This formula should 
be used only where approximate close re- 
sults are required, and within given tem- 
peratures only, as a body when heated 
certain temperature 
large percentage of its strength. 

This formula may be used for wrought 


beyond a loses a 


ircn and steel steam pipes heated up to 


6oc degrees, and as we seldom need go 
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higher than this, we will not consider it 
above this temperature. 

As an example, let us find the thrust P 
due to 


the expansion of the pipe, using the same 


exerted on the clamps, in Fig. 1, 


dimensions and temperatures as before. 
Then 
C = 0.000000 ; 
I = 30,000,000,; 
T = 441 degrees; 
A = Area of metal of a cross-section 
of pipe. 

This is found in the National Tube 
Company’s hand-book to be 16 square 
inches for a 10-inch extra-heavy pipe 

By substituting the above in formula 
(4) we have 

l CT AE, 
or 
P = 0.000006 {41 X 16 30,000,000 


1,270,080 
pounds. 
This 


thrown on the fittings and joints where 


gives some idea of the strains 


no provision is made to take up the ex 


pansion and contraction in steam lines 


If anchored improperly either the anchors 


would give, or the pipe would spring side- 


wise, straining the joints sufficiently in 


many to cause excessive leakage, 


cases 


or to crack the flanges. 


CONTRACTION 


If, in Fig. and 


allowed to 


I, the pipe were heated 
expand through the 
clamps, and then clamped tightly, and al 
lowed to cool off again, it would shrink or 


freely 


contract, subjecting the joints to a tensile 


strain of 1,270,080 pounds. Assuming the 


anchors to be of sufficient strength, and 
rigid enough to resist bending, the tensile 


strain on the material in the pipe would be 


P 1,270,080 
== = 80,000 
A 16 
younds per square inch; sufficient to cause 
| 
rupture. 
EXPANSION AND 


ALLOWING FOR 


CONTRACTION 


It is considered good practice in ur- 


+ 


ing for expansion to allow only l 
the 
pipe to length. 


os 


ne-t 


al 
calculated amount when cutting the 


For example, if in a rup 


f 


of pipe 100 feet between connections, or 
points where steam lines are taken oft 
from the header, the expansion is calcu- 
lated to be 3 inches; allow 1 inches 


when cutting to length, or in 


othe r 


the pip: 
the total 
should be too 1! 


words, length of pipe 
inches. 
Then the steamfitter takes up the other 


the 


99 feet Io! 


line, with 


turned 


when erecting 
that 


expansion 


1% inches 
the steam is 
the the 


strain put on the pipe when cold, and the 


result when on 


removes tension or 
fittings and joints are strained only one- 
half as much as if none, or all of the ex- 
allowed for. This 

and 


pansion wert 
used 


rule is 


by most large cones has 


rns, 
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Then for a 6-inch bend, taking A and 
B equal to one diameter of D, and R equal 
to 6 diameters, an advisable radius, 


proven to be satisfactory to operating 
conditions in general. 


TAKING CARE OF THE EXPANSION 


In Fig. 2 a good example of a connec- 
tion between the boilers and main steam 


L=2X 3 X3-1416 + 2 X 0.5 = 20.85 


feet, or 20 feet 10 3/16 inches. 


From Boilers 
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FIG. 6 

For bends 8 diameter and 
larger, the arrangement shown ‘in Fig. 4 
With 


such an arrangement, however, a bending 


header is shown. The bend is designed inches in 
to take up the expansion and .contraction 
in both the main steam header and the 


connection from the boilers to the header. 


may be used for the same purpose. 


With this arrangement the expansion strain is put on the joints, as shown in 
strains on the fittings and joints are Fig. 5, which is greatly enlarged to show 
greatly reduced. The arrows show the the straining action on the joint at E, as 


the pipe expands. 

The cast elbows should be extra heavy, 
with thick flanges. The flanges on the 
bend should be thick also, as a thin flange 


movement of the pipe due to expansion 
and contraction. 

This arrangement is particularly 
sirable where the boilers are placed in 
rows along the ‘division and the 
main steam header runs parallel with .the 
wall, as shown. 

As mentioned before, to have sufficient 
elasticity, the radius R should not be less 
than five diameters of D. The length of 
the straight portion of pipe at 4 on the 
end should be at least one diameter of D; 
with sizes from 5 inches and upward one 


de- 
wall, is easily ruptured or strained sufficient to 
cause leakage at the joints. 

Where there is sufficient room, a better 
arrangement would be to substitute two 
go degree or square bends of steel pipe in 
place of the cast elbows, making the sys- 
tem more flexible. 
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are subjected to the least strain, the great- 
est strain falling on the joints near the 
ends of the header. 

Proper provision should be made in 
connecting up to the boilers and engines 
to take care of this expansion, and before 
doing so it is a good plan to figure up the 
different runs of piping and work out the 


amount of expansion in each case. 


This will give a better idea of the con- 
ditions, and proper provision can be made 
to handle each case accordingly. 





The Conversion of an Old 


Fashioned Power Station 
By CuHartes A. Lower 


For 14 years the streets of Marion, 
Ind., were lighted by direct-current open 
arc lamps, but during the past year the 
system has been changed and series alter- 
nating-current inclosed lamps are now 


used. There are at present 50 lamps on 


each of four circuits, and 25 additional 


lamps are to be installed soon. 

The plant formerly contained three N« 
8 Wood arec-light dynamos which were 
driven by a four-valve simple Russell en- 
gine, having a cylinder 20 inches in 
diameter and a stroke of 27 inches. The 
engine fly-wheel, 1o feet in diameter, was 
23 inches wide across the face, and there 





and one-half diameters are preferred, and 
not less than 4 inches for smaller sizes.’ 

The length of the straight pipe at B be- 
tween the arcs should be from 6 to 12 
inches, or greater if preferred. This in- 
sures better bends and prevents kinks 
when bending, which usually occur when 
no straight pipe is allowed, particularly on 
large pipe, also making the bend more 
flexible. 

The expansion bend shown in Fig. 3 is 
intended for use in a long run of piping 
where it is desirable to anchor the line 
at two points to take the strain off the 
fittings and joints outside the anchors, not 
shown. When heated, the pipe expands 
in the direction of the arrows, tending to 
close the bend. To insure sufficient elas- 
ticity the dimension B should be made as 
large as possible. The dimensions A and 
R can be the same as in Fig. 2. 

For sizes above 6 inches it may be im- 
possible to make this bend in one piece, 

















owing to the long length of pipe required. 
Commercial pipe averages from 16 to 20 ack: te: emai . 
feet in length, although lengths up to 24 is 

feet are kept in stock by some dealers for 


use in making up special bends. The method of anchoring a steam 
The length of pipe necessary to make header of moderate length, say 50 to 125 
up a bend as shown in Fig. 3 will be feet, is shown in Fig. 6. The line is 


anchored rigidly at the certer and allowed 
to expand both ways, as indicated by the 
arrows 4. The joints nearest the anchor 


Lax KX 91416 +- 2 XA+2xB= 
length in feet. 


THE CROWNS ON THE WHEEL WERE 


TURNED DOWN 


were three crowns on the face to take tl 
three dynamo belts side. Tl 
were dis 
carded and a single-phase alternating-cu! 
rent Westinghouse generator of 150 kil: 
watts capacity was installed. 


side by 


three direct-current dynamos 
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drive this generator with the existing en- 
gine it was necessary either to get a new 
fly-wheel with a normal contour of face 
or to turn down the three crowns on the 
old wheel; the latter course was adopted, 
and the accompanying picture (Fig. 1) 
shows the method of doing the work. A 
small engine was installed temporarily 
and belted to the fly-wheel of the big en- 
gine. A planer head was mounted on 
heavy timbers on the floor in such a posi- 
tion that the tool could travel across the 
entire width of the fly-wheel face without 
interference by the belt from the little 
engine. The latter turned the fly-wheel 
over slowly while the planer tool trimmed 
down the three crowns into one. 


ELECTRICAL CONNECTIONS OF NEw SYSTEM 


The diagram of connections of the new 
system is shown in Fig. 2. The new 
generator supplies current at 60 cycles per 
second and 2200 volts e.m.f. 

Fig. 3 shows the generator panel of the 
switchboard, which carries fuses, a main 
oil switch, a rheostat and ammeter and 
voltmeter. To transform from (2200 
volts constant potential to constant cur- 
rent of 6.6 amperes, four air-cooled trans- 
formers were installed, each having a 
capacity of 75 lamps. A panel is to be 
provided for each transformer, but at the 
time the photograph was taken two of the 
panels had not arrived and a makeshift 
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the two right-hand transformers were en- 
cased in circular loom and carried to 
fuses which were supported on asbestos 
boards seen on the floor. Wire connec- 
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tors were used for connecting the 


ondaries to the line wires, and in this way 
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the circuits were run for some time. 
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FIG. 2. DIAGRAM OF CONNECTIONS OF NEW SYSTEM 


rrangement was in use. After adjusting 
the regulation of the transformers by the 
use of the ammeter on one of the panels 
lready in place, the primary wires for 





panels are placed at a distance from the 
wall with the regulating transformers be- 
hind them and plenty of space allowed for 


inspecting and changing the wiring. 


SHOWING SWITCHBOARD PANELS 


change was made in the boiler installa 
tion except to fit the furnaces with shak 
ing and dumping grates. 

The converted station is much easier to 
handle than the old one. There are prac 
tically no brush adjustments to be made; 
there are only one generator and a small 
with 


sized dynamos; automatic regulation by 


exciter, as compared three good 


the transformers supersedes the more ot 


less complex and vulnerable auxiliary 
regulators peculiar to arc-light dynamos, 
and all of the power from the engine is 
transmitted through one belt, adjusted by 
a single sliding base, as contrasted with 
the three belts and adjusters previously 


used 





Semi Annual Meeting of Ohio 


Engineers 


The semi-annual meeting of the Ohio 
Society of Mechanical, Elecirical and 
Steam Engineers was held in the audi 
torium of the Hotel Chittenden, Colum 
bus, O., May 22 and 23. The program 
included: 

Paper, “Producer-gas Plants,” by Rk. II. 


Fernald; paper, “Gasification of Low 
«rade Fuels,” by L. G. 
Committee for Memorializing State Legis 
Education, W. 7 
Magruder; paper, “Construction of Cate 
Wire,” T. W.. Shelton; 
“Some Data on the Water Puri 
Works at Columbus,” W. W. 
Jackson; paper, “A Description of the 
Cleveland Garbage Disposal Plant,’ W. J. 
Springborn. 


Finlay ; report of 


lature on Industrial 


nary Trolley 
paper, 
fication 
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Practical Letters from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 


Know or Want to Know About Your Work, and Help Each Other 





WE PAY FOR USEFUL 


Carbon Packing in Curtis Turbines 





I read with much interest the series of 
articles by F. L. Johnson on the Curtis 
steam turbine, and I notice that in the 
April 14 number, under the sub-heads 
“suide bearings, oil distribution and car- 
bon packing,’ Mr. Johnson says that in 
fitting carbon packing to the shaft of a 
Curtis turbine a space of not less than 
1/16 of an inch should be left between 
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FIG. I 


each section of the packing; and, in fact, 
he specifies a total clearance of %4 of an 
inch to each ring. 

In preparing that part of his article 
which treats of the carbon packing, Mr. 
Johnson has overlooked the fact that 
there are more than one type of carbon 
packing used in the Curtis steam turbine, 
and if his advice should be followed in 
all cases the result might be serious. The 
readers .of Power AND THE ENGINEER 
should, in my opinion, be advised that 
there is danger of scoring a shaft, as well 
as having a packing that will at all times 
leak, providing they employ the method 
outlined by Mr. Johnson on a machine 
which had a packing such as is shown in 
Fig. 1 herewith. 

What Mr. Johnson has said applies only 





to the type of packing which has each 
section anchored; and where a Peacock 
lap-joint is used’ on the rings, they also 
have an extra seal ring to cover the 
1/16-inch opening of packing at each 
joint. This type may be termed “type A” 
for convenience. 

I shall now describe a packing which 
may be called “type B.” This type is 
shown in Fig. 1 and has only one anchor 
to the entire ring. Suppose that Mr. 
Johnson’s idea is to be carried out on 
this “type B” packing, with only one 
anchor. We leave 1/16 of an inch be- 
tween each section; this gives %4 inch 
total. The machine is made to revolve 
by applying steam, and long before the 
machine has reached normal speed the 
three loose sections that are not anchored 
will trail around in the direction the shaft 
runs and butt up against the stationary 
section, leaving an opening at one place 
of % of an inch in each ring that has 
been fitted by this method. This, it can 
be seen, affords a direct steam passage of 
4 of an inch from first stage to atmos- 
phere. The openings will, of course, be 
120 degrees apart, and as there are three 
rings to each set, the anchors are naturally 
set 120 degrees apart. 

It is plain to see that the packing is 
now dangerous, first on account of dam- 
age to the generator from blowing steam, 
second on account of too much friction on 
the shaft. This excessive friction will re- 
main until the packing has worn to where 
the carbon ring is again together at the 
space where the %4 inch was opened 
before. 

If packing of the “type B” kind, viz, 
four sections to the ring and three rings 
to the set and with one anchor, is con- 
tinually fitted by the method given by Mr. 
Johnson, the shaft will eventually be cut 
and scored by the rings. 

All engineers having packing on their 
turbines that comes with square ends at 
the joints (“type B”) will find it well to 
fit this packing so that the carbon does 
not touch the shaft by from 0.003 to 0.005 
inch when the shaft is cold. If the shaft 
is hot it can safely be set a fraction closer. 
But never to be so tight that tlre pack- 
ing. will hold its own weight on the shaft 
from tension of the springs holding the 
packing together. 

After having fitted the packing so that 
all sections aré up carbon to carbon (Fig. 
2) and the circle is perfectly, true, and, as 
above stated, the packing sets away from 
the shaft a total (both sides) of from 


IDEAS 


0.003 to 0.005 inch at all points, the pack- 
ing should then be taken to pieces and a 
mixture of cylinder-oil and graphite ap- 
plied to the inside bore of the 
Care should be taken to prevent the 
square joint from being disturbed by 
allowing the graphite to get between the 
sections to any great extent. 

If this method is followed on the “type 
B” packing, there is no reason why it will 
not give excellent results. In fact, the 
writer has had occasion to know of pack- 
ing that was fitted in this manner to run 
continuously for over a year with a pres- 
sure varying from zero to 60 pounds, and 
at no time show any signs of leaking; 
and upon examining the turbine shaft, 
it was found to be in as good condition 
as the day it was installed. 

I wish to say that what I have written 
applies to packing for high-pressure tur- 


rings. 






Anchor. Only One 
WY to each Ring 


Spiral Springs on 

Band that holds 

Carbon in True 
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bines; also packing for wheel casings at 
high pressure, and of condensing tur- 
bines, on all sizes that have the “type B” 
packing. 

Now, in fitting the packing for the 
lower end of the shaft on condensing tur- 
bines, at the exhaust base, the same 
method should be used, only setting the 
packing closer to the shaft, as it can be 
seen that the shaft will not (due to 
vacuum) expand as much at this point 
as it will at the first stage. This clear- 
ance can be a total of 0.002 to 0.003 of 
an inch, 

In conclusion, I would say that Mr 
Johnson’s idea of carbon packing is O. K., 
so long as it applies to the “type A” pack 
ing that has the Peacock lap-joint and 
extra seal ring to cover up the 1/16-inch 
opening. But I fail to see where it could 
be used on any of the other types to any 
advantage, and I have seen other types 
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‘besides the one I have named where it 
would not be wise to use Mr. Johnson’s 
method. 
SINCLAIR WorTH. 
Philadelphia, Penn. 





Engineers and the License Law 


There has been considerable discussion 
lately in regard to licenses, 
what they cost, etc., and while a good stiff 
license law properly enforced may tend to 
a better grade of men, the writer has come 
to the conclusion after years of 
practical experience in different localities 
that examination questions for the pur- 
pose of licensing engineers should be con- 
fined strictly to subjects bearing on loss 
of life and property. 

It is not always the man with the high- 
est grade of license who holds the best 
job. A man may be able to get a high- 
grade license by having a good memory, 
some engineering knowledge and _ the 
ability not to get “rattled” when he goes 
before the inspector, and yet fall down if 
he is put in charge of a plant, the appa- 
ratus and lay-out of which have never 
come within his line of experience. It is 
being able to meet and successfully cope 
with the different conditions that makes 
the successful engineer. Changing posi- 
tions often, at least every three years, is a 
good thing for the young and ambitious 
man if he ever expects to be a top-notcher. 

Throwing a man on his own resources 
will bring out his qualifications or demon- 
strate that he has none. A case in point 
coming under the writer's observation 
some years ago was where a young and 
ambitious fireman had a chance to take a 
shift in the engine room provided 
could get a license. The young 
would go “all to pieces,’ as soon as he 
stood in the inspector’s office and forget 
all he ever knew. Finally after the third 
trial he got a “special” to cover that par- 
ticular plant and took the night shift. 
There were two high-speed engines, each 
of which had one are and one incandes- 
cent dynamo belted to it. 

One night a few weeks after our young 
special took hold there was a breakdown 
of the steam end of one of the engines, 
of sufficient seriousness to lay it up for 
repairs. Now, instead of our young friend 
rushing to the phone and calling the chief 
out of bed, as he no doubt would have 
been justified in doing, he disconnected 
the crank from the disabled 
the piston and _ connecting-rod 
back, and blocked them so that the engine 
shaft could revolve freely in its bearings. 
Then cutting off the are circuit of the ac- 
tive engine and slowing it down 
neans of-the throttle until he thought it 
vas safe, he cut in the switch of the in- 
andescent generator on the disabled en- 


gine. 


engineers’ 


some 


he 
fell WwW 


engine, 
shoved 


by 


This made a motor of the generator, 
ind as he brought the active engine up to 
the shaft of the disabled 


speed, 


engine 
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was again revolving at full speed, driving 
the arc generator. Plugging in the arc 
circuits again, the load was carried until 
morning, the speed of the arc machine on 
the disabled engine being regulated by 
the field rheostat of the dynamo now run- 
ning as a motor. The peak load on the 
incandescent circuits had been passed and 
the single incandescent machine, though 
somewhat overloaded, carried the load 
QO. K: 

Now what relationship did the above 
experience have to the “special” grade of 
license carried? It proved that he could 
make good; and a young fellow who 
could dope out things as quick as he did 
that night, certainly proved that he had 
in him the making of a successful en- 
gineer. 

BATES. 
Spirit Lake, Idaho. 


As engineers’ license laws and exam- 
inations appear to still hold the attention 
of a number of correspondents, a few 
words about what to mind an 
honest and common examination 
may not be amiss. I am the engineer 
who was examined, and outside of these 
examiners, I have never heard of others 
like them. 

There was a working model of an up- 
to-date steam engine, besides other ap- 
paratus for practical demonstration by 
the applicant, and a long list of prac- 
tical questions had to be answered. But 
here is where the original part comes in. 
There was a number of complicated 
technical questions to answer. The ex- 
aminer said, “It is next to impossible for 
any ordinary stationary engineer to re- 


my was 


sense 


‘member all the rules required to work 


out these questions; therefore the appli- 
cant is allowed the use of text-books to 
help him out.” 

I believe he was right; for not only 
would a man have to remember the rules 
for these questions alone, but he would 
require to know thousands more, as he 
would have no idea what questions were 
to be asked him. Again, the questions 
were such that even with the use of text 
books, unless a man thoroughly under- 
stood the theory of engineering, he 
would not be able to work them out. 

One of the questions given in mensur- 
ation of solids was, “What is the solidity 
of a parabolic spindle, of which the length 
is 80, and the greatest diameter 32?” I 
confess I could not answer the question 
even now without looking text- 
book; which tells me, “A _ parabolic 
spindle is to a cvlinder of the same base 
and hight as 8 to 15.” Another question 
pumps “A double-acting pump 
has a plunger 26 inches in diameter and 
44-inch stroke. The plunger has a piston- 
rod 4 inches in diameter extending 
through both pump cylinder-heads. Dur 
ing a twelve-hour duty trial, the total 
heat supplied in”the steam to the engine 
was 188,765.300 B.t.u., and the pump made 


up a 


on was, 
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x 


64,000 strokes. If the average pressure 
indicated by a gage on the discharge pipe 
was 160 pounds, the average vacuum in- 
dicated by a gage on the suction pipe I0 
inches, and the difference in level be- 
tween the centers of the vacuum gage 
and the pressure gage 12 feet, what was 
the duty of the pump?” The preceding 
two questions are samples of a number 
asked, and | to believe the ma 
jority of applicants, that is, practical sta 
tionary engineers, would réquire book 
help all right before they could do go per 
them, the percentage 
when using the books. I 


venture 


cent. of required 
I would 


and I have taken several correspondence 


know 


courses along steam-engineering lines 

About the only man who would be ca- 
pable of answering any and all questions 
like this would be a teacher in a tech- 
nical school, who is working at this kind 
of thing all the time 

THoMas Book. 

Charlestown, S. C. 


There seems to be a great deal of kick- 
ing on the license laws recently, and I 
think it is up to someone to defend them. 

There two classes of 


are engineer; in 


are the old-timers, some of 
whom have been in the same place for a 
good many years, who have only one way 
of doing things, don't like to be disturbed 
and will work for whatever wages the em- 
The other 
class is made up of the young, as well as 
the old 


one class 


ployer pleases to give them. 


engineers who take an interest 
in chings, are ever on the lookout to bet- 
ter their condition, and who demand that 
they have something to say in regard to 
their wages, and are not satisfied to stay 
in the same old rut, but will put in their 
spare time studying on some of the later 
improvements, thus fitting themselves for 
a better and better grade of 
license. Someone says, “Licenses should 


pt sition 


not be classified, as one man is as good as 
another ;” he may be personally, but if he 
is as good an engineer as the other one 
he get the 
that is one way of knowing what he is 


can same grade license, and 
worth as an engineer. 

Another writer says, “clique grafting,” 
Un 
doubtedly there is grafting among some 
the 
among other officials, and as long as there 
is anything to graft there will be, but 
when the working people wake up to the 


and no doubt states a very true case. 


examiners, just same as there is 


fact that they are being buncoed, and de 
cide to have the Government run for the 
benefit of all the people, instead of a few, 
erafting will be stopped, and not until 
then. 

If the engineer thinks he is not getting 
a square deal, why don’t he quit the busi 
and take Of 


course, a great many of the manufacturers 


ness up something else? 


are against the license laws because it 


compels them to pay higher wages and to 


hire men who have been proven com 


petent. As to the assertion made by some 
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that “when the employer finds out his 
engineer is worth more he will voluntarily 
raise his wages,” you would not pay $20 
for a suit of clothes if you could get it 
for $18. Certainly not, neither will the 
employer to his engineer. Therefore I 
say that licenses should be classified so 
that the employer may know just what he 
is buying, and pay accordingly. 

Now, brother engineers, don’t get dis- 
couraged, but stand up for the license 
laws, stick together, join some good 
organization, stand by your guns and 
work for better hours, better laws and 
better pay, and it will be only a matter 
of time until the engineer will be as well 
paid and as well satisfied with his lot 
as the members of any other profession. 

J. C. HAWKINS. 

Elyria, O. 





Engineers’ Examinations 


In my article on the above subject, on 
page 692 of the May 5 number, an error 
occurs in the answer to question No. 21. 
T wrote: 


60 X 3% X 314.16 X 120 
33,000 


Ne 
“I 


In some way the editor made it to read: 
60 X 2.5 X 314.16 K 120 


== 160. 
33,000 oo 


which is manifestly wrong. 
H. E. DarLinctTon. 
Columbus, O. 





Belts and Belt Transmission 


I notice a couple of errors which some 
how got into the advance copy of m) 
paper, “Belts and Belt Transmission,” 
which was sent you, and extracts from 
which were published in the May 5 num- 
ber. The quotation made by Jones & 
Laughlins from the cotton-mill engineer 
ends after the word “equipment,” the last 
word in the second paragraph, right-hand 
column, page 687. In the next paragraph 
the per cent. of belt slippage should read 
2,” instead of “29.” In this connection 
let me say that 29 per cent. in slippage is 
by no means unheard of, as we have on 
record a good many reports where the 
slippage has been found to be as high as 
3344 per cent., not in every belt in a 
plant, of course, but in a single high-speed 
fan belt. 

I wish it were possible for you to con- 
duct a campaign along the line of “belt 
care” in order to interest belt users to 
take steps to find out how much friction 
and loss of product they suffer which a 
little attention could save. 

CHartes F. CHAsE. 


“ 


New York City. 
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Strength of Engine Shafts 


I have read with interest the corre- 
spondence regarding the strength of hol- 
low shafts as given on page 274 of the 
March 2 number of The Engineer. In my 
capacity of designing engineer I have de- 
voted no little attention to the point which 
Mr. Replogle brings up in his letters, and 
I would say that I emphatically disagree 
with him in his contention that a hollow 
shaft is stiffer than a solid shaft of the 
same external diameter. I will admit that 
the difference in favor of the solid shaft 
is quite small, but there is a difference, 
and the solid shaft is the stiffer one of 
the two as well as the stronger. 

Mr. Replogle’s error, which by the way 
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FIG. 1 


is a common one among mechanics, arises 
from a misconception of the fact that a 
hollow shaft is both stiffer and stronger 
than a solid shaft of the same cross-sec- 
tional area of metal. The reason for this 
is as follows: Let us suppose a shaft 10 
inches in diameter and, say, 5 feet: long, 
supported by the main bearing of the 
engine, and an outboard bearing, with a 
heavy fly-wheel hung half way between. 
The shaft is then a beam of circular cross- 
section, supported at each end and loaded 
in the middle; therefore, like any other 
beam, it sags slightly. The action of 


the forces is such as to bend the shaft into 
a curve, any short length of which may 
be take™as the arc of a very large circle. 
If, before the wheel is placed on the shaft, 
two planes are taken each perpendicular 
to the axis, and 1 inch apart, these planes 
will be parallel. 


After the wheel has 
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been placed on the shaft, they will not be 
parallel, but will incline toward each other 
as shown in Fig. 1. This means that the 
metal in the top of the shaft, as that be- 
tween 4 and B, is compressed, since the 
distance A-B is shortened, and such 
shortening implies compression. In like 
manner, the metal on the under side of 
the shaft is extended, since the distance 
C-D is increased, implying tension. 

It is shown by the theory of flexure, 
that if the stress at the top of the shaft is 
60,000 pounds per square inch, then at 
any point I inch above the horizontal dia- 
meter of the section, it is 2000 pounds 
per square inch; at 2 inches above, it is 
4000 pounds per square inch, etc. The 
same figures hold true for the lower half 
of the same section, but the stresses in the 
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DEFLECTION OF SHAFT CAUSED BY WEIGHT OF FLY-WHEEL 


lower half are tensions, while in the up- 
per half they are compressions. 

If now, we draw the dotted circle in Fig. 
2, with a diameter of say 4 inches, we will 
find that it includes at the pcints ¢ and f, 
metal which is stressed two-fifths as much 
as the metal at the extreme top and _ bot- 
tom of the shaft. The strength of the 
shaft depends not only upon its area, and 
the strength of its metal, but also upon 
the leverage which the stress in the metal 
exerts about the center. For instance, 
a square inch of metal at the extreme top 
of the shaft, and having within it a stress 
of 10,000 pounds per square inch works 
on a lever arm § inches long in its efforts 
to keep the shaft from bending, while a 
square inch of metal at the top of the 
dotted circle has within it a stress of only 
4000 pounds, and works on a Jever arm 


only 2 inches long. It follows, there- 
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fore, that a given area of metal in the 
dotted circle is only 4/25 as effective as 
the same area occupying a similar place 
in the large circle. 

Now since the area of the dotted circle 
is only 4/25 of the area of the large circle, 
if the metal in it be removed by boring 
a 4-inch hole through. the shaft, the 
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FIG, 2. 


SIDE 


AND END SECTION OF SHAFT 


strength of the shaft will be reduced by 
4/25 of 4/25, or 16/625 of its original 
value. By boring out 4o per cent. of the 
diameter of the shaft, we have reduced its 
strength 2 per cent. 

If this new hollow shaft have placed 
upon it a_ fiy-wheel 98 per 
cent. as much as the original one, the 
same stresses will be produced in every 
part as before; therefore each part will 
be stretched or compressed exactly the 
same amount, and the sag, or bending, 
resulting from the load will be the same 
It follows then, that the stiff- 
ness of the hollow shaft will be 98 per 
cent. of that of the solid shaft. 

In conclusion, I would like to point out 
the following facts: 


weighing 


as before. 


The strength of a solid shaft varies as 
the cube of its diameter. 

The stiffness of a solid shaft (i.e., the 
load necessary to produce any assigned 
deflection under given conditons) varies 
as the fourth power of the diameter. 

A hcellow shaft is not as stiff nor as 
strong as a solid shaft of the same mate- 
rial and external diameter. 

A hollow shaft is stiffer than 
shaft of the same strength. 

A shaft 
and then bored, is better than one left 
solid; since the boring relieves internal 
strains, and reveals defects, if any are 
present. 

A shaft which has been forged hollow 
is better yet, since the metal has been 
more thoroughly worked, and the boring 
of the ingot, if properly done, removes 
all the unsound metal. 

Finally, it is my opinion, although the 
description given by Mr. Replogle is not 
sufficient to settle the fact, that the trou- 
ble was due to his fly-wheel being out 


a solid 


which has been forged solid 


f balance. This would result in bending 
the shaft when the engine was running, 
through the cefttrifugal force developed 
by the rapid revolutions of the un-bal- 
anced wheel. On straightening the shaft 
ry slightly, the wheel was brought into 
balance, and would no longer have a ten- 

lency to run out. 
Forrest E 

Syracuse, N. Y. 


CARDULLO 
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The Oil Clogs the Cups . 


We are using an oil which, after being 
run through the oil cups, mixes with the 
water that drips from the stuffing-boxes 
and is caught in a tank and filtered. When 
it cools it forms a heavy jelly which clogs 
up the oil cups and filter. The oil con- 
tains considerable animal tissue and a 
very little sulphur 

H. B. Branpo 
Brooklyn, N. Y. 





Pump Troubles 


On taking charge of a good sized sta- 
tion at one time, [ found a pump with 
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nothing but an ordinary oil cup placed on 
the steam chest. The pump ran unsteadily 
and groaned at every stroke. Fig. 1 shows 
a lubricator as I fixed it up and put on 
the pump. union at A, and 
another union can be placed between the 
not 


There is a 


steam chest and lubricator, but 
required in this case. 

The crack B was caused by water freez- 
ing in the steam cylinder of the pump. 
We patched it, as shown in Fig. 2, 


was 


and 
then took a composition cylinder belong- 
ing to the water end of another pump and 
fitted it to the inside of the cracked cylin- 
der. The piston was then turned down 
and new rings fitted to it. At present the 
pump is giving good service. 

Once the pump man let the water get 
below the suction of the pump, with the 
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consequence that the front head was 
cracked as at C, Fig. 1. A clamp shown 
in Fig. 3 placed around the cylinder 
proved effective. 

Fig. 4 shows an old wrinkle, but it may 
be new to some. A and B are check- 
valves closed by the atmospheric pres- 
sure; C is an ordinary globe valve. When 
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starting the pump, air becomes trapped 
between the delivery valve deck and the 
suction valves, breaking the vacuum by 
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expanding and contracting in the suction 
pipe. I have started a pump with this 
arrangement when the valves leaked quite 
badly, as it enables a vacuum to be formed 
in the suction pipe, independent of the 
action of the regular pump valves. 
Eart E. WEBSTER. 
Prescott, Ariz. 
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What Stopped the Engine ? 


On page 708 of the May 5 number, 
George Pettit, in answering “F. M. E.,” 
speaks of an experience of his as a pos- 
sible similar happening to that related in 
the March 2 number of The Engineer. 
In reference to his experience with his 
13x30-inch engine, running at 150 revo- 
lutions per minute, I would like to ask 
him if his diagnosis is not a trifle wrong? 
Admitting that the engine slowed down as 
stated (two hours after starting), would 
it not be more likely that the piston fit- 
ted snugly in the cylinder and the un- 
equal expansion of the cylinder walls 
would cause them to be out of round 
just enough te seize or bind the piston, 


and (when the lubrication was not 
enough) cause the piston to cut the 
cylinder? 


I fail to see how “a greater amount of 
steam would cause the piston to cut 
deeper and jam itself.” The oil pump 
close to the throttle was the solution of 
the problem. 

CurIovs. 

New York City. 





Warming an Engine 

Answering Mr. Lane in the March 17 
number, page 420, I: gave the turn of the 
throttle as being 1/10 to %, which would 
lift the valve 1/70 to 1/56 or 0.0143 to 
0.0179 of an inch, making an opening from 
0.2695 to 0.3374 square inch. 

The working gage pressure is in the 
neighborhood of 120 pounds, but I will 
put it as 110 and the absolute pressure at 
124.7 pounds. The first formula giyen by 
Mr. Lane, to find the weight of steam in 
pounds per second, equals absolute pres- 
sure times the area of opening in square 
inches divided by 70. Using the smallest 
lift of valve, 

124.7 ose — 
pound per second, or 
hour. 


1728 pounds per 


Using the second formula, 6.19 times 
the area in square inches times the weight 
of one cubic foot of steam at the given 
pressure, I get 6.19 X 0.2695 X 0.2836 = 
0.47 pound per second or 1692 pounds 
per hour. The two results differ by 36 
_pounds per hour; not much, but I will 
take the smaller one. As the valve was 
open about five hours a day, that would 
mean 5 times 1692 = 8460 pounds, and six 
days a week, amounting to 50,760 pounds 
per week. How much coal will this 50,760 
pounds of steam represent? I will assume 
seven pounds of steam to one of coal: 
then, 50,760 = 7 = 7251 pounds of coal pers 
week. We often noticed and remarked 
on the difference between steaming for the 
big engine and steaming for the little 
engine. Is it any wonder? 

A LANCASHIRE LAD. 

Manchester, Eng. 
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Some Pump Troubles and Their 


Remedies 


A Knowles single-cylinder steam pump, 
used for boiler feeding, started to give 
trouble one day by stopping at one end of 
the stroke. Adjusting the rocker connec- 
tion bolt so as to equalize the stroke would 
not help the trouble. 

When the pump was taken apart I found 
there was too much lost motion between 
the Iug on the slide-valve and where this 
lug fits into a slot in the steam-chest 
piston. To take up the lost motion I 
decided to rivet a piece of heavy sheet 
iron on each side of the lug as shown in 
the accompanying sketch at A and B. 
After this was done and the stroke was 
adjusted, the pump ran nicely. ; 

In another case a single-cylinder steam 
pump received hot water under pressure. 
One day this pump failed to furnish 
enough water, and on examination it was 
found that two of the water valves had 
broken. When they were replaced by 
new valves the pump worked a little bet- 
ter, but had to be run at a higher speed 
than before. Again examining the water 


Valve Rod 
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when the pump was started after exami- 
nation, the drain valves were closed, so 
that the water which at first went into 
the sewer afterward went to the boilers. 

Some engineers have the bad practice 
of letting a feed-pump run until it fails 
to furnish water. Some day they may 
get caught with low water in the boilers- 
and the pump in bad shape and if there is 
no other means of feeding, it may be a 
case of shutting down the plant until the 
pump is repaired. 

H. A. JAHNKE. 


Milwaukee, Wis. 





Steam Cylinder and Valve 


Lubrication 





I have noted John L. Sheldon’s re- 
quest in the March 31 number to have 
the above subject discussed. It has been 
my observation that lubrication is not en- 
tirely overlooked or generally discarded 
in marine engines any more than else- 
where, and I agree with Mr. Sheldon that 
there is not as much oil used for cylin- 
der lubrication in marine work as in sta- 


Chest Piston 
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METHOD OF TAKING UP LOST MOTION IN VALVE 


end, it was found that the new valves did 
not seat properly, due to scale around the 
valve studs. I have found where a pump 
receives hot water that scale will form on 
the valve and valves and in time 
will break in some places, when of course 
the valve will leak and the engineer may 
look a long time for the cause of the 
trouble. 

When putting in new valves, the seats 


seats 


and valve-studs should receive a good 
cleaning. 
I would not advise using hot-water 


valves until they ate in bad condition, 
but would take them out occasionally and 
rub them over a piece of sandpaper; 
also overhaul the valve seats. 

A duplex steam pump which received 
water under pressure and which is used 
for boiler feeding, failed to supply enougi: 
water. Examination of the water valves 
and piston showed nothing wrong, so the 


pump was started again, when I noticed it 
was supplying plenty of water. This was a 
puzzle to me, but finally I came to the 
conclusion that in the morning when the 
pump was started I forgot to close the 
drain valves on the water cylinder, and 


tionary; but the fact that when these en- 
gines are “opened out,” the surfaces are 
found to be in splendid condition doesn’t 
usually come by any chance. 

Conditions are so hard in marine work 
that engineers have been forced to limit 
the use of oil for cylinder lubrication on 
account of the serious results if a little 
passes the condenser and is carried back 
to the boiler. Many engineers have 
adopted the use of graphite with excel- 
lent results. 

The fact that flake graphite answers 
perfectly all the many requirements of a 
lubricant and gets right at the cause of 
friction, eliminating the minute irregulari 
ties in the metal surfaces by building up 
the low spots and forming over all a thin, 
tough, veneer-like coating of marvelous 
smoothness and of great durability, makes 
it especially desirable as a steam-cylinder 
lubricant. 

If some of the graphite escapes the 
condenser and is carried back to the 
boiler, it will be a help rather than 
hindrance, as experience has proven that 
scale will not adhere and become a part 
of the metal if it is first coated with flak: 
graphite. 











June 2, 1908. 


It also has been found in stationary 
work that the quantity of oil may be very 
materially lessened if flake graphite is 
used; in some cases the use of oil being 
entirely done away with, smoother run- 
ning obtained and more power developed. 

When the cylinders and valves are ex- 
amined, they should not have a bright, 
shiny, reflecting, mirror-like appearance, 
but rather have more of the appearance 
of a highly polished boot. 

The writer knows of a vacuum pump 
which received its entire lubrication from 
flake graphite (after abandoning oil) and 
when the cylinders were examined, there 
were two bright, narrow streaks on the 
top, showing the cylinder slightly out of 
true. This had never been noticed when 
oil alone was used as a lubricant. 

In this connection, the following, taken 
from an article by H. C. Dinger, Lieut. 
U. S. N., which appeared in Jnternational 
Marine Engineering, will prove of interest : 

“Flake graphite has the peculiar proper- 
ties of not being affected, either chemi- 
cally or physically, by any temperature 
encountered in a cylinder. It is not easily 
carried away from the wearing surfaces, 
can stand any pressure, and requires only 
an infinitesimal clearance space between 
surfaces. It has a high lubricating value, 
and hardens and improves the wearing 
surfaces by filling up all the minute cavi- 
ties and irregularities in the surfaces, giv- 
ing, in a short time, a hard polished sur- 
face, which requires relatively little lubri- 
cant. 

“Graphite may be applied in the fol- 
lowing manner: Whenever cylinders or 
valves are overhauled, mix graphite with 
vaseline before applying to the surfaces, 
which insures a general distribution. On 
starting up, introduce graphite through an 
oil cup or indicator pipe. This can be 
done in a dry state, using an oil syringe, 
or the graphite can be mixed with water 
and put in just like oil. Adding it to 
cylinder oil adds to the lubricating value; 
but if best results, viewed from the 
standpoint of boilers and condensers, as 
well as engines, are to be obtained, no oil 
should be introduced into any steam cylin- 
der on board ship. While running, 
graphite can be added in the same way; 
but very little is needed, since it quickly 
distributes itself over the surfaces and, 
unlike oil, it remains there. Whenever 
there are indications of the cylinder walls 

squealing’ a little graphite should be 

dded. Some cylinders lubricated in this 
nanner, that have not had a drop of oil 
ntroduced for years except that which 

ight have come from swabbing rods, on 
ing opened are found perfectly smooth 
nd as bright as mirrors. The surfaces 
have a very fine coating of graphite, which 
keeps them from being dry and prevents 

brasion.” . 

L. H. Snyper. 

Jersey City, N. J. 


On page 628 of the April 21 number, 
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R. T. Strohm criticizes a statement made 
by John L. Sheldon relative to running 
marine engines without cylinder lubrica- 
tion. 

I*have not hag any experience with 
running marine engines without cylinder- 
oil, but I run engines 
practically without oil, and without any 
deterioration of the cylinders or valves. 
I believe in many cases cylinder-oil is 
used to excess both in the cylinders and 
on the valves. 

A pair of 1500-horse-power vertical en- 
gines working at 150 pounds pressure, 
with steam superheated to 600 degrees 
Fahrenheit fitted with oil pumps 
feeding into the steam pipe, top of cylin- 
der, piston-rod gland, and valve-stem 
glands on both high-pressure and low- 
pressure sides. All these feeds averaged 
twenty drops per minute each. The rate 
of each feed was gradually reduced until 
the only oil going in was through the 
high-pressure steam-supply pipe at the rate 
of thirteen drops per minute, resulting in 
an enormous saving of oil. 

In another case two 500-horse-power 
single-acting automatic compounds were 
run without cylinder-oil, 
showed no ill effects. 

In still another case, cross-com- 
pound verticals, .800-horse-power, 160 
revolutions per minute, fitted with cylin- 
der and valve lubrication similar to the 
1500-horse-power quoted 
were run on eleven drops per minute in 
the steam pipe only. 

I would like to point out that the drops 
of oil mentioned are not the large “blobs” 
such as are fed by an ordinary sight-feed 
lubricator, but small drops of hot oil fed 
into the steam space by means of a pump. 

In every case I have quoted the engines 
were vertical, and I agree with Mr. 
Strohm that to attempt to run horizontal 
engines without oil, or with the 
small quantity mentioned above would 
spell trouble. 


have stationary 


were 


regularly, and 


two 


engines above, 


even 


However, it is surprising, given a good 
cylinder-oi], what a small amount is re- 
quired for internal lubrication, and I be- 
lieve most engineers could effect 
economies in this direction. 


FRANK 


large 


SAWFORD. 
Sydney, N. S. 


Seeing the article in the April 21 num- 
ber on the foregoing subject, leads me to 
think that a recent experience of ours 
along that line may be of interest. 

We have a 40x48-inch blowing engine, 
with a 15-inch piston valve, having II 
inches of travel. We supplied to this 
valve and cylinder, through an ordinary 
lubricator, three quarts of oil every 12 
hours. 

After operating in this way for a num- 
ber of months, the engineer found a hand- 
pump which he attached to the cylinder 
to use when starting up. The normal 
speed of this engine was 50 revolutions 
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per minute. By the use of this hand-pump 
it was discovered that the engine would 
speed up 10 revolutions when oil was 
pumped in; a gain of 20 per cent. Of 
course we at once bought a positive-feed 
pump, and now use five quarts of oil in 12 
hours and get 60 revolutions per minute, 
instead of 50. 

Mention made that water would 
act as a lubricant to some extent, and that 
a vertical engine does not require 
much oil. This engine is a vertical one, 
and the steam used is very We 
examined the valve and cylinder before 
and after the increased use of oil, and no 
difference in their condition was noted, 
and also found that the fine, smooth pol- 
ish, said by to indicate excessive 
in both cases. The 
finish, that 
This seems 


was 
so 


wet. 


some 
friction, was absent 
cylinder has a dull, smooth 
indicates but very little wear. 
to demonstrate the value of cylinder-oil. 
CLARK WHITE. 
Dunbar, Penn. 





Horse-power of Pump 


A question was put to me a few days 
ago, and as it may be of interest to read- 
ers, I submit it, with the answer 

A pump in doing a certain amount of 
work to consume 
power. The pump is 1%4x6 inches, with 
15 stsokes. The water is discharged into 
a reservoir, and the work of pumping the 


is known five horse- 


water through the pipe line requires five 
horse-power. Required, the pressure per 
square inch against which the plunger is 
pumping, all losses to be neglected. 

The quantity of water which the pump 
is delivering must first be found. As the 
diameter of the plunger is 11% inches, the 
area is 1.767 square inches, and as the 
stroke is 6 inches and there are 15 strokes 
per minute, 1.767 X 6 & 15 = 159.03 cubic 
inches of water pumped per minute. 

If it were not known just what horse- 
power the pump was consuming, it could 
be found from the following formula: 

Pounds of water pumped per minute X 
head in feet — 33,000. 

But as the horse-power is known in this 
instance, 33,000 * 5 pounds of water 
pumped per minute = 
one pound of water contains 27.7 cubic 
159.03 —- 27.7 5.741 pounds of 
water discharged per minute, so that by 
inserting this value in the formula we 
have: 33,000 X 5 5.741 28,740 feet 
head, which the water is pumped against 


head in feet. Since 


inches, 


to consume five horse-power. 

If it is desired to know the equivalent 
pressure per square inch acting against the 
pump plunger, all that is necessary is 
to multiply 28,740 by 0.434 = 12,473.16 
pounds per square inch pressure, as every 
foot-head equals a pressure of 0.434 pound 
per square inch. 

FRANK L. FERGUSON. 

Adams, Mass. 
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Why Not Let the Engine Pull 
the Chain ? 





I fail to see what advantage Mr. Ran- 
ney’s engine stop-valve, shown on page 
624 of the April 21 number, has over an 
ordinary one. He says he would trust an 
attentive engineer to shut down an engine 
in cases of emergency, rather than an 
automatic device. [| think the attentive 
engineer will close an ordinary stop-valve 
just as well and almost as quickly as Mr. 
Ranney’s emergency valve, and with less 
risk of the valve spindle sticking. 

Unfortunately, engineers are only 
human, and accidents do happen in spite 
of all precautions; to get absolute pro- 
tection one must needs turn to some relia- 
ble automatic device. 

I also disagree with Mr. Ranney when 
he says.that his form of valve is the only 
one which can be ctosed by a pull on the 
chain. An ordinary butterfly valve is 
closed just as easy and there is no risk of 
the spindle sticking. 

How will Mr. Ranney reopen his valve 
“from the floor without the use of a lad- 
der,” unless he provides a double lever 
and two chains? Even then he would 
probably have to climb up to use the jack- 
screw he provides. 

I have in mind two 1500-horse-power 
cross-compound vertical Corliss engines 
which were originally equipped with 
safety stops. These stops never’ were 
reliable on account of the large amount of 
power required to close the valves, and if 
sufficient weight was added. to positively 
close them, it was more than two men 
could do to reopen them, without taking 
off the-chains. If the engineer neglected 
to replace the chains, the stop, of course, 
was inoperative. 

We designed a common butterfly valve 
with the spindle in a horizontal position, 
and on the end of the spindle was fitted 
a weighted lever, with the weight arranged 
tv close the valve when released, it being 
normally held open by a trigger engaging 
the end of the lever. The trigger was ar- 
ranged so as to enable it to be tripped by 
hand, and was also tripped automatically 
by the engine if the speed 
slightly above the normal. 

The method of tripping the valve by the 
engine was as follows: 

A hole was bored in the rim of the fly- 
wheel at right angles to the axis, and 
tapped with a tI-inch pipe thread. <A 
brass plug threaded to fit was screwed 
into the hole. The brass plug contained a 
spring and plunger, the spring normally 
holding the end of the plunger, flush with 
the outside of the plug, the whole thing 
being screwed into and flush with the rim 
of the fly-wheel. 

The tension of the spring was adjusted 
to hold the plunger in place at the normal 
speed of the engine, but a slight increase 
in speed caused the plunger to fly out, or 


increased 
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in other words, the increased centrifugal 
force overcame the tension of the spring. 
A latch connected with the trigger on the 
butterfly valve was fitted to just clear the 
fly-wheel rim, and whenever the spring 
plunger flew out with over-speed, it struck 
the latch and thereby tripped the butter- 
fly valve. 

This is about the simplest and cheapest 
form af positive engine stop I know and 
is easily fitted to any engine. 

The butterfly valve need not be made 
absolutely steam tight as it does not re- 
place the regular stop valve. 

FRANK SAWFORD. 

Sydney, N. S. 





Burning Natural Gas 





I note what E. L. Mason says in re- 
gard to burning natural gas as fuel under 
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blown, or scraped out, but you must note 
what is going on all the time; if your line 
carries brine or “well carbon dust,” as 
many did in the great Indiana field, your 
burner tubes may need to be opened or 
reamed out every day. 
Burt M. Seymour. 
Delphos, Ohio. 





Repairing a Cast-iron Balance- 
wheel 





Referring to the article signed by “O. 
C. W.” in the March 2 number of The 
Engineer, describing his method of re- 
pairing a cast-iron pulley which had‘ been 
split through the hub, the method given 
no doubt answered his purpose and may 
hold the rim from breaking until the new 
pulley is ready; but the bent bolts shown 
cannot hold the hub as rigidly as if they 
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SUGGESTED METHOD OF REPAIRING BALANCE WHEEL 


boilers. I am = surprised that 
bunsen-tube burner has not been spoken 
of, as it is the most satisfactory of any 
I ever saw used, and is cheap and easily 
made. If gas is not plentiful, these bur- 
ners can be arranged to throw the flame 
crosswise of the boiler, and then fire the 
grate with coal, the same as if no gas 
was being used. 

We used these burners under twenty 
72-inch by 20-foot tubular boilers. Dur- 
ing several years we had plenty of oppor- 
tunity to try out many of the 
burners. 


steam 


In using the bunsen burner you can 
get any color of flame by simply chang- 
ing the proportion of the gas_ tubes. 

In using these burners a line pressure 
of one pound gives the best results, and 
an intense heat can be generated. The 
best color for making steam is rose yel- 
low. I know of boilers being used for 
months, the tubes of which were never 


the old 


were straight, and the outer bolts have 
little value except to reinforce the rim. 

I think a stronger and less expensive 
method would have been to use a 1%-inch 
or 2-inch bar bent to the shape of the let- 
ter “U” with a saddle about 2 inches 
thick secured by nuts as shown in the 
accompanying sketch. The saddle could 
be shaped as indicated to fit the arm, or 
the arm chipped a little to allow the sad- 
dle to bring up square with the bolt ends. 
If the proportions of the pulley are such 
that the shackle could not be placed in 
position with legs parallel, they could be 
put in while red hot and the legs drawn 
into position with a clamp. 

This arrangement takes fewer pieces, 
less labor and material, and in service, I 
believe, would be more satisfactory than 
the orie referred to above. 

E. O. Sweet. 

Newport News, Va. 
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Wants Criticism of Diagrams 





The accompanying diagrams were taken 
from an 18 and 34 by 42-inch cross-com- 
pound Corliss engine, running 92 revolu- 
tions per minute. Would the engine run 
any more economically if the receiver 
pressure were raised so the low-pressure 
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FIG. I. HIGH-PRESSURE 


Scale 12 aa 


DIAGRAM 











— 


FIG. 2. LOW-PRESSURE DIAGRAM 


cylinder would take a larger part of the 
load? Is there too much compression in 
the low-pressure cylinder? What horse- 
power do the diagrams figure? Scale of 
springs 70 and 12, boiler pressure 145 
pounds, receiver pressure 13 pounds. 
ELLIs CANTWELL. 
Allentown, Penn. 





Automatic Feed-water Regulators 





It is surprising to find that many engi- 
neers and firemen do not distinguish be- 
tween a device for high- and low-water 
alarm and an automatic feed-water regu- 


lator. Most feed-water regulators have a 
high- and low-water alarm, but many 
high- and low-water alarm devices are 


not feed-water regulators. 

Time was when a high- and low-water 
alarm was of value, in some ‘cases a little 
more than others, but on the advent of 
feed-water regulation the former should 
have been condemned. 

A good feed-water regulator is a valu- 
able safeguard, as it helps to prevent 
boiler explosions and the knocking out of 
cylinder-heads with water from the 
boiler. With the antiquated high- and 
low-water alarm, the whistle blowing 
more frequently denotes high than low 
water. High water means running the 
engine with wet steam and frequently the 
water goes over into the engine. ; 

The whistle on < good feed-water regu- 
lator would blow only when the regulator 
is out of order, while without the regu- 
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lator it most frequently blows because the 
fireman neglects to watch the water. 

As I said before, there was once an ex- 
cuse for using high- and low-water alarm, 
but that time has passed and the feed- 
water regulator should take its place. 
The regulator is both a coal saver and a 
boiler and engine protector. 

INSPECTOR. 

Boston, Mass. 





Zinc in Boilers 





Zinc in steam boilers will not affect all 
scale-forming material. When the scale- 
forming material is sulphate of lime the 
zinc will act on it, removing some (very 
little) of the old scale, and precipitating 
that in the water in the form of a powder 
which may be blown out. 

The zinc will prevent corrosion by or- 
ganic acids set free from fat and other 
substances. These acids exhaust them- 
selves on the zinc instead of attacking the 
iron of the boiler. 

The zinc should be in plate form, from 
14 to I inch in thickness, and about 12 
inches long by 6 inches wide. For new 
boilers allow one square foot of zinc 
surface to 50 or 60 square feet of heating 
surface, and for older boilers allow one 
square foot for each 75 to 110 square feet 
of heating surface. 

The zine plates should be firmly bolted 
or clamped to some part of the boiler, the 
point of contact being scraped bright and 
clean to insure good electrical connection. 
As the action of the zinc is probably 
largely electrolytic, if the contact is not 
good, corrosion may take place. 

SAMUEL S. Murpock. 

Unley, Idaho. 





Spark Arrester Violently Removed 





Thee junior member of the firm and 
the chief engineer, when up the lakes on 
a jaunt, wandered into a sawmill, with 
the usual 20-horse-power engine and a 
locomotive boiler with overhanging smoke 
box. The mill was shut down and the 
owner and his “staff artists’ were seri- 
ously considering the best means of get- 
ting a plugged spark arrester off the top 
of a stack 90 feet high and 2 feet in 
diameter. A course of treatment with a 
No. 12 shot-gun helped some, but only 
temporarily. 

Nothing but the laying of hands on that 
offending spark arrester would satisfy 
them. They wanted that thing off the 
stack bad, but had no inclination to scaf- 
fold or play steeple-jack. The chief, who 
was not without honor in his own coun- 
try, made a bit of a sketch on the hem- 
lock boiler house and advised: 

“Take that piece of 6-inch pipe over 
there and drive it on the end of that 6- 
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foot piece of 8 by 8; stand both on end 
under the smoke box, when the door is 
open, and whittle out a shell of birch 6 
inches in diameter and, say, 2 feet long; 
put in about a pint of gunpowder; drop 
in your shell, touch up the fire, and let us 
see what happens to that spark arrester 
that you say is fastened to the stack by 
1%4-inch bolts.” 

Did they try it, and did it take off 
that spark arrester? Well, rather! It 
appeared to travel about 300 feet straight 
up before it decided to quit. The imme- 
diate result was a suggestion from the 
owner that we sample some beans and 
gingerbread the cook had, and an invita- 
tion to bring along that fishing bag in 
which the bait is carried. 

ELI. 

Armprior, Ont. 





Air in the Feed-water 
I would like to ask if any readers 
have been bothered with air in boilers, 


pumped in with the feed-water. We 
are bothered with the pitting of all 
steam connections, especially Jenkins’ 


disks and brass valve seats. 

I think it is caused from the presence 
of air in the feed-water. We use belt- 
driven pumps for feeding and pump 
through a closed heater. There is some 
air in the mains and it no chance 
to get out until it gets into the boiler. 
However, this feeding arrangement is to 
be changed soon for something better. 

EDWARD 

San Angelo, Texas. 


has 


3URROW. 





What Caused the Kinks ? 


The accompanying diagram is from a 
19x24-inch Laidlaw-Dunn-Gordon engine, 
and I would be pleased to hear from 
some of the regard to the 
kinks in the lines. The 
engine is a Corliss with a fixed cut-off, 
and has a throttling governor. It runs 


readers in 
expansion 











oe j 
SHOWING KINKS IN EXPANSION LINES 


under, and is direct-connected’ to a cen- 
trifugal circulating pump for a surface 
condenser, also operating a 20x24-inch 
vertical dry vacuum pump, which is con- 
nected to the engine crank. The cylinder, 
piston, and all valves are in good con- 
dition. 
H. HaceEN. 
Minneapolis, Minn. 
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Throttling as Related to Knoblauch-Jakob Tests 


Prof. S. A. Reeve, of Yale, Discusses Terminology and Nature of En- 
tropy, and Dr. H. N. Davis, of Harvard, Analyzes Knoblauch’s Results 





The article in the May 26 number, on 
“Thermodynamics of Pressure Drop or 
Throttling,” by Prof. R. C. H. Heck, 
which was in effect a criticism of Prof. 
Sidney A. Reeve’s method of finding the 
effect of pressure drop or throttling, pub- 
lished in the February 25 number, in a 
discussion on “The Specific Heat of 
Superheated Steam,” has called forth the 
subjoined interesting discussion of Pro- 
fessor Heck’s article by Professor Reeve 
and Dr. Harvey N. Davis. 


By Prof. Sidney A. Reeve 


The writer has been for years in quest 
of a consistent statement of the principles 
of thermodynamics, the lack of which is 
apparent upon every hand. For instance, 
during the winter of 1902-3 a chance re- 
mark of President Swinburne, of the Brit- 
ish Institute of Electrical Engineers, hap- 
pened to arouse a discussion which raged 
for months in the London engineering 
periodicals. It involved the highest known 
authorities in thermodynamics, in Eng- 
land, Germany and France, in a thorough 
controversy concerning the basic ideas of 
thermodynamics: Yet the only result, at 
the end of the winter, was virtually an 
agreement to disagree, each party holding 
the views with which he started. And the 
trouble was plainly, said President Swin- 
burne, in summing up the discussion, that 
we possess no accepted definition of heat, 
the most familiar of all natural phe- 
nomena and the core of all thermody- 
namic discussion. Under such conditions 
misunderstanding is inevitable. 

In our own land, within a few weeks, 
one of the highest authorities in engineer- 
ing science in the world presented a -pub- 
lic discussion of the energy available from 
steam in a steam turbine; only to precipi- 
tate a wholesale criticism of his state- 
ments, not merely as to subsidiary ques- 
tions of judgment in conclusion, but even 
as to fundamental computations of steam 
quality and action. 

In both of these discussions there was 
obvious to the writer a lack, not only of 
an accepted definition of heat, but even 
one of mechanical energy itself. If any 
reader doubts this most lamentable lack, 
let him supply to the pages of Power AND 
Tue ENGINEER a Satisfactory definition of 
mechanical energy. 

This state of affairs appears to the 
writer as a calamity of the first magni- 
tude. How anyone can feel an interest in 
carrying thermal determinations to a re- 
finement of arithmetical accuracy, when 
we have no idea of what it is which we 


are measuring, nor even any exact name by 
which to identify it, is to him incompre- 
hensible. Nor is the situation one of con- 
cern to savants only. It concerns the 
engineer most vitally; for if there be dis- 
agreement as to the meaning of such sim- 
ple words as heat, energy, etc., how may 
anyone hope for agreemeht as to the com- 
plex hidden action of steam imprisoned 
within iron walls? 
It was with these major. questions 
rooted in his mind that the writer made 
his criticisms of the work of Knoblauch 
and Jakob. And in this academic sense 
it still holds that those criticisms 
were justified. For, so far as is indicated 
by the definitions of heat, entropy, etc., 
in any standard textbook of applied ther- 
modynamics, or so far as these definitions 
are given in Professor Heck’s article, the 
two methods contrasted by him late in 
that article are equally orthodox. 
Professor Heck characterizes the sec- 
ond method as “Professor Reeve’s,” and 
as being “fundamentally wrong in _ prin- 
ciple.” For both statements we have only 
Professor Heck’s say-so. In my original 
article I took no position that “my” 
method was more correct than theirs. I 
did take the position that in the present 
state of the science the textbooks atthor- 
ized both methods, and that between the 
two was wide discrepancy. It was the 
prime object of my work to call attention 
to this discrepancy. It is this discrepancy 
which Professor Heck, in our private 
correspondence, finally and triumphantly 
identified as my “error,” and upon which 
he now bases his advertisement of my 


true 


“complete misconception” of the’ wire- 
drawing process. 
Now the writer was in error in his 


article. He should have made much more 
plain, to him who runs as he reads, that 
the question in the writer’s mind was this 
major question of proper definitions in 
our textbooks, rather than the minor one 
as to Knoblauch and Jakob’s figures. He 
should like to add to this confession his 
present belief that the figures published by 
those gentlemen are substantially correct, 
so far as the pressure-drop correction goes 
—although he does not absolve them from 
criticism as to either their algebra or 
their admission of pressure variation into 
their apparatus. But as to why we may 


feel assured that one method is correct 
and the alternative in error, or as to 
what must stand as our immovable guide 
in all such questions in the. future, Pro- 
fessor Heck is silent. 
than we did before. 


We know no more 
Our private corre- 








spondence with him failed to elicit a 
single syllable of even discussion of these 
momentous questions, not to mention any 
satisfactory answer. His article is equally 
non-committal. 

For instance, Professor Heck makes 
use of the entropy diagram to clarify this 
It is to be accepted 
makes use 


much clouded topic. 
that mathematician 
of any codrdinate field he first carefully 
defines the two variables, the + and the y, 
to be depicted therein. Since the whole 
question raised by my article turns upon 
the significance of the abscissa, or entropy, 
involved in the process AB of his dia- 
it would essential to de- 
fine at the start, most carefully, this quan- 
tity. This problem Professor Heck evades 
with an easy short route; “for all prac- 
tical purposes,” he says, “the simple 
mathematical definition is enough.” We 
doubt that. But granted that it is so, 
what is this simple mathematical defi- 
nition? He gives none at all. And since 
this same question stumped Sir Oliver 
Lodgé, Professor Poincaré, of the Sor- 
bonne, and Professor Planck, of Berlin, 
we may be excused for doubting if he 
knows. And without that knowledge: how 
definite or solid conclusion be 


before rat 


grams, seem 


can any 
drawn? 


All of the gentlemen named can quote 





an >“? 


glibly enough; and so, no doubt, can Pro- 
fessor Heck. But what does dQ mean? 
It cannot mean “increase of heat;” for we 
have instances of increase of heat while 
dQ remains zero, and we have positive 
values for dO while no heat is being im- 
parted. Moreover, since it is now becom- 
ing obvious that the entropy of the uni- 
verse is not tending to a maximum, in 
spite of Professor Zeuner’s dictum to the 
contrary, the equation for entropy must be 
written 


dO 


d N ro: 





/\ | V 


Where do we stand then, with orthodoxy 
gone and heresy not yet crowned? 
Finally, Professor Heck quotes the 
Joule-Kelvin experiments, proving that all 
constant-heat action occurs under drop- 
ping temperature, thus corroborating the 
“second law” of thermodynamic action, 
that no spontaneous action can take place 
without temperature drop. But in the 
Knoblauch-Jakob experiments no tem- 
perature drop occurred. “The question 
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then is, did any 
drawing occur? 
Professor Heck assumes that it did, and 
if it did, then the German experimenters 
and he, himself, are right. Tae writer is 
glad to state that he, too, thinks that ‘the 
assumption is a correct one. But it still 
remains an assumption, nevertheless. The 
assumption does not for one instant dis- 
pose of the many serious questions which 
are raised by its mere existence. What 
definition can Professor Heck assign to 


thermodynamic wire- 
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this entail? Is wire-drawing a thermo- 
dynamic or a mechanical process? If it 
is a thermodynamic one and can yet occur 
under rising temperature, how will he 
state the “second law,” in order to have 
it consistent? 

These are questions which Professor 
Heck completely ignores, although they 
have confused and led into disagreement 
authorities ranking vastly higher than any 
of the parties to’the present controversy. 
It makes it very comfortable sailing to 
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CURVES FOR DETERMINING RATIO OF FALL 


dQ which wilj exclude “my” method and 
establish his own? He cannot say that it 
is merely accession of heat, as heat. He 
cannot say that it is accession of either 
heat or work. If dQ is an accession of 
heat or a certain sort of work, how will 
he define which sort? Which is entropy- 
producing work and which temperature- 
producing work? How is he sure that 
both are not present in wire-drawing— 
explaining that temperature rise with 
hydrogen which he mentions? If entropy- 
producing work is the sort of work which 
produces entropy, then “where are we 
at?” What definition for entropy does 


400 


IN TEMPERATURE TO FALL IN PRESSURE 


ignore them, and to treat the problem as 
ii all were settled; but it is 
scientific candor. 


scarcely 


Finally the writer must protest against 
Professor Heck’s words: “The error (of 
Professor Reeve) consists in failure to 
recognize that a throttling action, pure 
and simple, is truly adiabatic in that it 
involves no external interchange of heat.” 
The “failure to recognize” we can safely 
leave to the records. In view of the 
writer’s priority in publishing in an Amer- 
ican textbook the very analysis of the 
wire-drawing process which Professor 
Heck now borrows and uses, some other 
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attitude on his part might be more grace- 
ful. But when it comes to the maladver- 
sion of the term adiabatic—one of the few 
thermodynamic terms which have shaken 
down to a distinct and true significance, 
as applying to one of the only two sim- 
ple, basic thermodynamic processes—it is 
too much. Trofessor Heck’s application 
of it to a compound process which is so 
complex and so little understood that it 
has given rise to the present discussion, 
meets with the writer’s marked disappro- 
bation. 


By Dr. Harvey N. Davis 


If I may be allowed, I should like to 
contribute to the current 
tween Professor Heck and _ Professor 
Reeve, a statement of the results of an 
independent and rigorously accurate re- 
computation of Knoblauch’s 27 tests. 

The method used is based on the sepa- 
ration of the actual process of heat addi- 
tion with throttling (the line 4 B in Fig. 
9 of Professor Heck’s paper) into two 
components AC and CB, the first of 
which is a pure throttling action, leaving 
the steam at a temperature fs lower than 
t:;, and the second a heating at the con- 
stant pressure p2 from the temperature fs 


discussion, be- 
: 











PROFESSOR HECK’S FIG. 9 


to the final temperature ¢. As Professor 
Fieck says, the effect of the throttling “is 
to increase the range through which the 
steam must be raised by the heat supplied 
changing it from the vertical hight be- 
tween A and B to that between C and B.” 
Therefore, if we can compute fs, we may 
change the temperature difference in the 
denominator of the uncorrected value of 
Cy from (tz2—t:) to (t2—ts), instead of 
making a correction in the numerator— 
that is, in the quantity of heat put in. 
Now it happens to be easy for me to 
compute the temperature ts, for I have re- 
cently examined with considerable care 
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the throttling data of Grindley, Griess- 
mann and Peake, and also some data at 
higher temperatures, not published, which 
have generously been put at my disposal 
by A. R. Dodge, of the General Electric 
Company. I find, first, that the ratio 
Aft 
Ap 
the fall in pressure in the throttling of 
superheated steam is practically indepen- 
dent both of the mean pressure and of 
the amoun: of drop, and, second, that this 
ratio can be represented with consider- 
able accuracy as that function of the mean 
temperature which is given by either of 
the curves in the accompanying diagram, 
in which is plotted, against the mean tem- 
perature, the ratio of the temperature drop 
to the pressure drop when superheated 
steam is throttled or wire-drawn. The 
upper curve is in English units, the 
abscissas being degrees Fahrenheit, and 
the ordinates degrees Fahrenheit over 
pounds per square inch. The lower curve 
is the same thing in metric units such as 


) of the fall in temperature to 


Test. Q t, —t, Ap 
1 18.96 39.0 0.125 
2 31.71 45.4 0.14 
3 31.48 66.15 0.03 
4 21.15 44.1 0.08 
5 23.24 47.4 0.063 
6 20.75 42.1 0.09 
rg 23.70 47.48 0.07 
8 19.04 37.7 0.04 
9 19.51 39.69 0.05 
10 20.36 41.75 0.03 
1l 18.36 37.8 0.04 
12 13.22 26.6 0.115 
13 19.41 39.4 0.065 
14 24.22 48.3 0.03 
15 15.96 29. 86 0.08 
16 20.53 40.7 0.025 
17 18.38 37.23 0.07. 
18 17.22 35.05 0.07 
19 20.08 39.95 0.05 
20 13.47 24.03 0.07 
21 15.52 31.0 0.08 
22 13.04 26.5 0.07 
23 17.47 35.7 0.05 
24 18.56 37.25 0.04 
25 14.15 28.14 0.055 
26 11.57 22.8 0.04 
27 22.77 44.9 0.03 


Knoblauch uses, the units being degrees 
Centigrade and kilograms per square 
centimeter. To compute fs‘one has only to 

Oe 

Ap 
corresponding to ti (which is near enough 
to the mean temperature for this purpose) 
and to multiply it by the pressure drop. 
The result is tt—fs, and this is the re- 
quired correction in the temperature 
range. 

In the accompanying table I have, for 
my own convenience, left Knoblauch’s 
data in the units which he originally 
used. The first column gives the test 
number, the second the heat put in per 
kilogram of steam (in calories), the third 
the observed rise in temperature (in de- 
grees Centigrade), the fourth the observed 
drop in pressure (in kilograms per square 
centimeter*), the fifth the value of the 


read off from the curve the value of 


ratio taken from the curve, the 


Ad : 
Ap 
sixth the correction A /= #,— ts, obtained 


*A kilogram per square centimeter is about 
an atmosphere. 
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by multiplying together the numbers in 
columns four and five, and the seventh 
the value of C, obtained by dividing col- 
umn two by the sum of columns three 
and six. In the last column are Knob- 
lauch’s original values. It will be seen 
that the worst disagreement is about I 1/5 
per cent., and that the average disagree- 
ment is only one-third of 1 per cent. It 
is interesting to notice that in the eight 
tests, which are described in full in Knob- 
lauch’s paper, and for which tz—t can 
be obtained to one more significant figure 
than in the tabular summary, the agree- 
ment is better than the average, being 
within a fifth of 1 per cent. I suspect 
that the agreement in the other cases 
would be improved if I could work, as he 
probably did, with the additional figure 
throughout. 

I recommend this method, in preference 
te Knoblauch’s, to those who have to do 
this kind of work; first, because’ it is 
simpler than his both to understand and 


as At C Cp (K) 
Ap Pp P 

3.70 0.46 0.480 0.478 
2.47 0.35 0.474 0.470 
1.61 0.05 0.475 0.474 
1.55 0.12 0.478 0.474 
1.15 0.07 0.478 0.476 
0.91 0.08 0.492 0.486 
0.90 0.06 0.498 0.494 
2.93 0.12 0.503 0.502 
2.02 0.10 0.490 0.490 
1.41 0.04 0.487 0.487 
: 0.04 0.485 0.485 
1.10 0.13 0.495 0.491 
1.10 0.07 0.492 0.490 
0.89 0.03 0.501 0.500 
2.65 0.21 0.531 0.531 
1.90 0.05 0.504 0.502 
1.43 0.10 0.492 0.492 
1.10 0.08 0.490 0.490 
0.89 0.04 0.502 0.502 
2.47 0.17 0.557 0.557 
1.62 0.13 0.499 0.500 
1.16 0.08 0.491 0.490 
1.16 0.06 0.488 0.488 
1.18 0.05 0.498 0.498 
0.92 0.05 0.503 0.501 
0.89 0.04 0.506 0.504 
0.87 0.03 0.505 0.509 


to use; second, because it does not de- 
pend, as his does, on Regnault’s inaccurate 
formula for the total heat of saturated 
steam; third, because it does not need to 
assume, as his does, that Cp at the upper 
pressure ~; is the same function of the 
temperature as Cp at the lower pressure 
pz; Knoblauch uses this assumption in the 
form 


roar f cud tmo, 


and fourth, because it does not need to 
assume, as his does, that Cp in the small 
interval from /., to 7s, is the same as the 
Cp he is solving for. As a matter of fact, 
no one of these approximations intro- 
duces enough error to make any material 
difference; but it is pleasanter to avoid 
them if possible. The agreement of the 
values here obtained with Knoblauch’s is, 
however, a proof that they are justified. 





The “Lusitania” recently made 632 knots 
in one day, averaging 24.83 for the trip. 
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Boiler Test at New Orleans Rail- 
way and Light Company's 
Plants 
In the following tables are given the 
results of a boiler test recently conducted 
at the Central and Claiborne power sta- 
tions of the New Orleans Railway and 
Light Company, under the direction of 
W. A. Haller, resident engineer for San- 
derson and Porter, New York, consulting 
engineers of the New Orleans system. 
The tests were made upon one boiler in 
each plant under service conditions, and 
are of special interest in relation to the 
economizer equipment installed. At the 
Central power station a standard econo- 
mizer arrangement is in service, one Stur- 
tevant economizer with 4900 square feet 
of heating surface being provided for 
each pair of boilers. A section of the 
boiler and economizer setting at this sta- 
tion is shown herewith; and the arrange- 
ment at the Claiborne plant is also shown. 
In the latter station one economizer is 
provided per boiler and the two are set 
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FIG. I, BOILER AND ECONOMIZER SETTING AT 


CLAIBORNE STATION 


and piped so as to constitute a single 
unit. The flue connections are such that 
any one economizer can be cut out with- 
out interfering with the use of the corre- 
sponding boiler. When one is cut out, 
the water for all the boilers may be 
passed through the economizers which 
are in service. At the Claiborne station 
each economizer is mounted above its 
corresponding boiler, and no additional 
width in the boiler room was figured in 
connection with the installation. 

At the Claiborne station the boiler test- 
ed was a Heine (Fig. 1), with 6000 square 
feet of heating surface and 115 square 
feet of total grate surface. The pro- 
jected furnace area of each of the two 
furnaces per boiler was 48 square feet. 
The ratio of heating surface to grate 
area was 52 and 62.5 to I, according as 
it is figured on the basis of total or pro- 
jected grate area. Three tests were made 
upon. this boiler. 

The boiler at the Central power sta- 
tion which was tested was a Babcock & 
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‘CENTRAL POWER . STATION. CLAIBORNE STATION. 


Ree eed Sree | Bascock & WILCOX. HEINE SaFety Borer Co. 
eS {| Sept. 10, 1907, | Sept. 11, 1907, | Sept. 13, 1907, | Sept. 14, 1907, || Nov. 7, 1907, | Nov. 9, 1907, | Nov. 10, 1907, 









































Date and duration of test...... ||from 7:00 a. m.|from 8:40 a. m./from 7:00 a. m.|from 7:00 a. m.|| from 7:00 a. m. from 8:30 a. m.\from’7:00 a. m. 
a to 5:00 p. m. to 4:40 p. m. to 5:00 p. m. to 5:00 p. m. || to 5:00 p. m. to 6:30 p. m. to 3:00 p. m. 
Item. DIMENSIONS yl B ae 
1 Size of drums........ | 42”x23’-0” 42”x23’-0” 42”x 42”x23’-0” || 48”x21’-0’ 48”x21’-0” 48"x21’-0 
2 Size of furnace (projected|| 
rr eee 3- 4 3-6x7 3-6x7 3-6x7 6x8 6x8 6x8 
3 Heating surface of boiler 8,97 8,976 | 8,976 8,976 6,000 6,000 6,000 
& Grete suriace.....:....... \|6Am. oil mn 6 Am.oil burners| 126 sq.ft. 126 sq.ft. || 96 and 115 96 and 115 96 and 115 
5 Ratio of heating surface to| | 
ree 1} 1-71.4 1-71.4 } 1-71.4 -71.4 52 and 62.5 52 and 62.5 52 and 62.5 
6 Capacity of boiler, builders’ || 
anv, LEE ee 900 H.P. 900 H.P. | 900 H.P. | 900 H.P. 600 H.P. 600 H.P. 600 H.P. 
7 Heating surface of econo- | 
Se Se eee | 2,451 2,451 2,451 | 2,451 1,200 ,200 1,200 
8 Area pe oom | 
a Rn wren P| 44 44 44 29 29 29 
“AVERAGE PRESSURES. 
9 Stem pressure at gage..... 130.64 | 132 | 129.25 137 . 22 | 151.93 152.55 153 
10 Absolute steam pressure... . 145.65 147 | 144.25 152.22 166.93 167.55 168 
11 Atmospheric pressure in | 
inches, mercury........ 
12 Draft in furnace........... 0.36 0.29 0.215 0.41 0.17 0.242 0.21 
13 Draft in front pass........ 0.22 0.311 0.27 
4 Draliimresrpems.......... 0.30 | .69 0.32 0.76 0.25 0.34 0.29 
15 Draft a economizer. 0.40 0.41 Econ. Cut Out 0.46 
16 Draft in stack. | 0.70 0.85 0.46 0.50 0.51 
i SSS 
18 Drop in pressure of steam) | 
through 2” orifice........ 24.72 | 39.18 
AVERAGE TEMPERATURES. 
ED Dee OE, 2k sccscsecece 80.32 | 73.64 77.25 | 75.32 72.22 74.13 70.7 
_ ee ae 87.22 84.88 79.58 | 80.58 72.58 77.81 72.7 
See eee 6.90 11.24 2.33 5.26 1.36 3 68. 20 
22 Flue gases at stack........ 376.77° 527 395.8 
23 Gases entering economizer. . 487° | 543° 425° 527 480. 65° Econ. Cc ‘ut Out 533.08 
24 Gases entering flue........ 
25 oe ee | 103.88 137.28 
26 Feed-water entering boilers. 165.45 176.20 258 170.09 210.48 144.51 194.5 
27 Water entering economizer.. 173.98 156.45 142.52 138.0 
28 Imparted by economizer... 84.02 54.03 56 5 
2 aaa 496 | 512 504.64 540.48 366. 29 368.55 369.41 
30 Degrees superheat......... 141 | 154 149 181.63 
FUEL DATA. 
31 Kind of fuel used.......... Crude Oil Crude Oil Alabama Coal | Alabama Coal Alabama Coal | Alabama Coal | Alabama Coal 
32 Caloric value of fuel per lb. | | 
_ rae eae 18,500 18,500 12,414 1s 2,630 13,365 13,331 13,295 
33 Total fuel consumed....... | 24,310 26,200 34,200 58,200 22 200 29.800 25'000 
34 Moisture in fuel... .pounds| } 3.61% 5. "31% 704 1346.9 900 
35 Total dry fuel ‘consumed| | 
Se era pounds 32,965 55,168 21,496 28,453. 1 24,100 
2 ee ee pounds} | 5,075 8,460 2.945 3.790 3,121 
Si Ratio of ash....... pounds) 15.4% 15.3% 13.79 13.35% 13% 
38 Fuel consumed per hour) 
AC ounds| | 3,296 5,517 2,149.6 2,845.3 3,125 
39 Combustible consumed - 
A errs re | | 2,789 4,671 1,855 2,466 2,622 
WATER. 
40 Water evaporated. -pounds| 295,762 310,465 291,373 418,705 219,043 269,678 297,500 
41 Factor of ev aporation re 1.1676 16 1.1744 1.1863 1.1048 1.119 1. 1266 
42 Equivalent w ~~ evaporated, 
from and at 212°..... 345,332 361,412 | 342,188 496,710 | *241,998 301,769 *256, 296 
43 Equivalent (DE | 
per hr. from and at 212°.. .| 34,533 45,172 } 34,218 49,671 24,199.8 30,176.9 32,037 
44 Steam consumed by oil bur- | 
ners or stokers in lb... 14,600=4.95% a 587 | | 4, 3 na hag 1,120=.28% 832.5 832.5 678 
a | rn 330,732 347,132 | 41,1 495,590 241,165 300,937 255,618 
ECONOMIC EVAPORATION. 
46 Gr. water evaporated per lb. 
OlGry TMG... ss 12.17 11.85 8.33 7.58 
47 Net water evaporated per ‘Ib. } 
of dry fuel. 4 eens Ss 10.23 9.48 9.44 
48 Gr. evaporation per lb. of 
fuel from and at 212°.... 14.20 13.9 10.38 9.0 11.23 10.62 10.66 
49 Gr. evaporation per lb. 
comb’n. from and at 212°. 13.5 13.3 12.23 10.63 13.05 12.25 12.6 
; RATE OF COMBUSTION AND EVAPORATION. 
50 Sq.ft. of heating surface per 
LEE TERE IS RE 9.0 6.87 8.73 6.26 8.8 6.85 6.8 
51 Air consumed per Ib. “. fuel 
uy lies aig wick pee ek a ase u.ft. 142.0 138.0 
52 Fuel consumed per sq. ft. of 
heating surface.......... 0.37 0.364 0.366 0.613 0.37 | 0.474 0.502 
53 Coal consumed per sq.ft. of 
grate surface............ 26.6 46.2 22.4 and 18.6 |29.64 and 24.74 32.6 and 27.1 
54 Equivalent evaporation = 
sq.ft. heat. surf. per hr. 
from and at 212°........ 3.833 5 3.8 5.5 4.03 5.029 5. 34 
55 H.P. developed by boiler, } { £1,001 Gr. $1,309 Gr. 
A.S.M.E. rating....... § \ 951 Net 1,249 Net $990 $1,436 666 .6 874.6 882 
56 =H. i Renee by econo- 
eat eee ete ete eeee 77.7 34.4 Econ. Cut Out 46.6 
7 Combined horse-power..... — - $1,067 .7 $1,436 701.0 874 928.6 
D = 20 ‘ 
58 Ratio over rating........ | 36% aa sae Nes 10 and 18.6% 59.5% tll and 1.7% 45.75%  |t47 and 54.8% 
59 Total B.t.u. contained in fuel 
eee 2 449,735,000 484,700,000 409,227,510 696,771,840 287,294,040 | 379,308,276 320,409,500 
60 Total B.t.u. accounted for in ’ 
od Ber eee 335,394,108 351,359,150 328,377,161 483,604,275 224,320,000 291,521,918 234,552,500 
61 Total B.t.u. accounted for in 
Te ae 
62 — B.t.u. accounted 25,058,070 9,856,935 | Econ. Cut Out 12,967,500 
Ve Re ee 335,394,108 351,359,150 35 53,435,231 483,604,275 234,156,965 291,521,918 247,520,000 
63 Ratio of heat accounted for , 
ere eee 71.5% 69.2% 80% 69.4% 73% 76.9 3.3%, 
64 Ratio of heat accounted for ; . ¥ % 18.3% 
in economizer........... 6% 3.5% Econ. Cut Out oO 
65 Combined heat accounted for - 4 | 4.1% 
in boiler and economizer. . 86% 81.5% 76.9% 77.4% 
a § 2.43 Gr. 2.48 Gr. 
ye Fuel consumed per H.P.-hr. } 2.55 Net 2 '59 Net 3.23 3.83 3.07 3.25 aa 
67 Cost of fuel per H.P.-hr... . . 0.00589 0.00598 0.00498 0.005745 0.0049 0.0052 0.005168 
68 ~~ of coal per ton at power 
OUSE.. 2... eee renee ene 4.68 4.68 3.03 3.03 3.25 5 
69 Cost of steam per, 1000 Ib. 8.26 3.25 
from and at 212°........ 0.1706 0.173 0.1443 0.1665 0.142 0.151 0.15 





tOverrating with or without economizer. tincludes H.P. developed 








*Includes heat imparted by economizer. 





by boiler and superhenter. 
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Wilcox unit (Fig. 2) of 8976 square feet 
heating surface, a grate surface of 126 
square feet and a ratio of heating surface 
to grate area of 71.4 to 1. Four tests 
were made upon this boiler. Crude oil 
having a calorific value of 18,500 British 
thermal units per pound was burned in 
the first two tests at the Market street sta- 
tion and Alabama coal having a calorific 
power of between 12,414 British thermal 








CENTRAL POWER STATION. 





B.t.u. H.P. 
Test No. — — 
superheater. superheater. 
1 23,660,960 68.94 
2 24,837,200 73.28 
3 21,852,975 | 61.28 
4 39,776,975 119.49 








units and 13,365 British thermal units per 
pound was burned in the other Market 
street tests and in the Central power- 
station tests. Six “American” oil burners 
were used under the Market street boiler 
in the fuel-oil tests. 

Referring to the tables it will be noted 
that the Claiborne boiler showed a gross 
evaporation per pound of fuel from and 
at 212 degrees of 11.25, 10.62 and 10.66 
pounds, depending upon the test, while 
the draft in the furnace was 0.17, 0.24 and 
0.21 inch. The coal test on the Central 
boiler showed a gross evaporation of 10.38 
and 9 pounds, with no correction for 
superheat, the draft being o21 and 
0.41 inch at the furnace. In the former 


case the economizer heating surface per 
boiler was but 1200 square feet, compared 
with 2451 square feet at the Central sta- 
The cross-sectional area through 


tion. 





FIG, 


the Central economizer was 44 square 
feet, compared with 29 square feet in the 
installation having one economizer per 
boiler. The draft in the stack at the 
Central station was 0.70 and 085 inch, 
and at Claiborne 0.46, 0.50 and 0.51 inch. 
The equivalent evaporation per square 
foot of heating surface per hour from 
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and at 212 degrees was 3.8 and 5.5 pounds 
at the Central station, and 4.03, 5.029 and 
5.34 pounds at Claiborne station. The 
draft in the rear pass of the Central sta- 
tion boiler was 0.32 and 0.76 inch, and 
the horse-power developed, according to 
the American Society of Mechanical En- 
gineers’ rating, was 990 and 1436 in the 
coal tests. At the Claiborne station the 
draft in the rear pass was 0.25, 0.34 and 
039 inch, and the horse-power developed 
666.6, 874.6 and 882. The Central power- 
station boiler was operated with a super- 
heater which, in the tests, developed 
from 61.28 to 119.49 horse-power. The 
superiority of the single economizer per 
boiler seems to be well established by the 
test figures. 

When burning crude oil the gross evap- 
oration at the Central station § per 
pound of combustible from and at 212 
degrees was 13.5 and 13.3 pounds, com- 
pared with 12.23 and 10.63 pounds when 
burning coal in the same boiler furnace. 

The ratios of heat accounted for in the 
boiler at the Central station when burn- 
ing coal were 80 and 69.4 per cent; at 
Claiborne they were 78, 76.9 and 73 per 
cent. Including the economizer heat ab- 
sorption the combined heat accounted for 
in boiler and economizer was 86 per cent. 
at the Central station and 81.5, 76.9 and 
77.4 per cent. at Claiborne. 





The Care of Vertical Water 
Tube Boilers 


By W. D. RANNEY 





The writer has four vertical water-tube 
boilers which evaporate from 3000 to 3800 
gallons of well water every hour per each 


Area 44 Sq. Ft. 









ww 


AT THE CENTRAL STATION 


24 hours. They are rated at 250 horse- 
power each. The only available time we 
have to clean a boiler is on Sunday, which 
makes a boiler “down” every four weeks, 
as the load is light enough for three boil- 
ers to carry without crowding. A regular 
routine has been followed for about five 
years, which has proved beneficial. 
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The boilers are in good condition, and 
the boiler inspector always says it is a 
pleasure to go through them, which he 
does twice each year. , 

We have burned natural gas for more 
than three years, and the first thing is to 
shut off the gas at 5 p.m., under the boiler 
to be cleaned the following day. Then at 
6 p.m. the boiler and brickwork are cool 
enough to allow the boiler to be cut out, 
which is done by closing two valves, one 
at the top and the other next to the 
header or steam line. To remove the 
pressure from the boiler slowly and safely, 
there is provided a 34-inch extra-heavy 
nipple (we carry 155 pounds) leading 
from the top of each steam drum, and all 
connected together, and an extra-heavy 
pipe, with a good globe valve, next to the 
steam drum, the pipe running down to 
within 4 feet of the ground in the rear 
of boiler No. 4. There is also another 
good valve which can be reached from 
the floor. 

When the water tender closes the main 
valve on top of the boiler he opens the 
¥%-inch valve, and after closing the sec- 
ond main valve next to the header, he 
goes down to the rear of boiler No. 4 and 
opens the 34-inch valve slightly, which 
allows the pressure to escape without 
much noise. All the 34-inch valves on the 
other three boilers are closed. The pres- 
sure is thus removed in about two hours. 

The fire doors and ash-pit doors remain 
closed until 12 o’clock, or seven hours 
after the fire is drawn; then they are 
opened and the stack draft allowed to 
cool the interior of furnace and boiler 
setting. 

The hot water remains in the _ boiler 
until 6 a.m., or 13 hours after the fire is 
removed, when it is ail blown out and 
the boiler immediately pumped up with 
cold water, which, after a few minutes, is 
blown out. The man-heads are removed 
and this operation is followed up quickly 
with a good stiff stream of cold water. 
Any little particle of scale which may 
have got by the inclined filter in the open 
heater and formed in the tubes is con- 
tracted by the cold water and will drop 
to the mud drum, from which it is readily 
removed. 

There is very little scaling to be done 
in either the steam or mud drum; both 
always show black and clean. The for- 
mation. of scale in the tubes amounts to 
about one ordinary coal bucketful from 
each boiler after an eight-months’ run, 
during which a turbine cleaner is used as 
a precautionary measure. 

Another great advantage of the 34-inch 
pipe is in cutting in a boiler, which can be 
equalized as it approaches the desired 
pressure, and just before opening the 
large valve, which can be done at the 
same time and in the same place without 
shock to any boiler. 

It has been found advantageous to 
have an extra water column (kept clean 
and with new bolts and gaskets) to re- 














June 2, 1908. 
place any of those in service which may 
not work correctly or which may become 
slightly “limed up” and operate sluggishly. 
The water columns and water glass are 
blown down every three hours, night and 
day, to keep them clear and in good work- 
ing condition. Each column drain pipe is 


provided with a %-inch by-pass’ just 
above the regular drain valve, through 
which, after’ the column is thoroughly 


flushed out, a test is taken from each 
steam drum by opening the %-inch valve. 
This is more reliable and _ satisfactory 
than getting the test from the heater, as 
there is never any trouble with foaming or 
priming, although using 85 pounds of 
soda ash 24 hours in the four 
boilers. 

Each boiler is provided with two pop 
valves, one being set for 156 pounds, the 
other at 157 pounds. Each boiler is also 
provided with two distinct feed-water 
inlets (as every boiler should be) and so 
arranged that if one feeding 
should fail from any cause the other can 
be used until that boiler is “down” for 
cleaning, when repairs can be made. 


every 


way of 





Explosions in Air Receivers 


The receivers of air compressors, in ad- 
dition to the possibility of wasting, are 
liable to risk of explosion as a result of 
the accumulation of oily deposit. We 
could easily recall if necessary several ex- 
plosions of this kind, some of which have 
been destructive and fatal, and the fact 
that explosions may arise in this way only 
adds to the desirability for their periodic 
inspection and overhaul. As usually ar- 
ranged, an air compressor is an excellent 
dust trap, and situated as it often is near 
the boiler house this largely consists of 
coal dust. Mixed with oil carried over 
from the cylinder, this forms a pasty mass 
which collects in corners and needs only 
the requisite temperature to start combus- 
tion, which, under suitable conditions, 
produces an explosive effect. The condi- 
tions favorable to this are a high degree 
of compression and imperfect cooling ar- 
rangements, coupled with irregular lubri- 
cation. The temperature that may be 
reached with adiabatic compression, i.e., 
without gain or loss of heat through the 
walls of the cylinder, and which is ap- 
proximated to with imperfect cooling ar- 
rangements, is higher than the flash point 
f many oils, and therefore care should 
be taken that there is free circulation of 
the cooling water in the jacket of the com- 
pressor; and when the pressure is high, 
stage compression with intercooling, and 
also, where possible, after-cooling, should 
be adopted. The lubrication should be 
ffected automatically, and not merely at 
the will of the attendant. Further, only 
oils of a high flash point should be used. 
The fish or animal oils, or petroleum, 
hould be rigorously excluded. With 


reasonable care and attention there is no 
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risk of explosion with air compressors, 
even with very high compression, but it is 
well that those working them should 
recognize the sources from which troubles 
may arise—Mechanical Engineer. 





Formal Opening of Machinery 
Club’s Rooms 


The formal opening of the new home 
of the Machinery Club of the City of New 
York took place on the afternoon of May 
20, in the club quarters, on the twentieth 
and twenty-first floors of the Fulton Ter- 
minal building. These floors were origi- 
nally intended for office purposes and the 
rather difficult task of re-designing the 
rooms for club uses was assigned to Percy 
Griffin, 225 Fifth avenue, New York. The 
result speaks for itself, which is the high- 
est compliment that could be paid. 

The main dining room, 50x150 feet, is 
on the twenty-first floor. The furniture 
East Indian mahogany, of early 
nineteenth-century design, the apartment 
presenting what is known as the “Thomas 
Hope” effect. The reception room, 26x63 
feet, has Mexican mahogany 
the general treatment being Georgian. Its 
appointments are luxurious. There are 
numerous private dining rooms, exquisi- 
tely furnished, the largest being 15x16 
feet. There is also a ladies’ dining room, 
adjacent to which is a retiring room with 
Louis XVI furnishings, and which pre- 
sents a-pleasing color contrast to the din- 
ing-room decoration scheme. Two large, 
irregular spaces, overlooking the North 
river and opening upon the roof garden, 
constitute a smoking room which, with the 
adjoining barber shop, is the “pet scheme” 
of the house committee, and with the pre- 
dominating coloring of brown and blue, 
in harmonious shades, and colonial fur- 
nishings, this rendezvous will add much 
to the enjoyment of a post-prandial cigar. 


is of 


furniture, 


The grill room is in oak, with oil-fin- 
ished table-tops of natural wood, the in- 
tention being to use the tables without 
covers, as in medieval times. One inter- 
esting feature of the grill room is a large, 
round table of Mexican mahogany, which 
is called the club’s “open table.” Here 
out-of-town members, as well as others 
who have but a limited acquaintance in 
New York, can readily find somebody to 
converse with, if they feel socially in- 
clined, as it is a rule that diners at this 
table may engage each other in conversa- 
tion without the formality of an intro- 
duction. 

The opening address to the members 
and the welcome to the invited guests 
were delivered by George A. Post, presi- 
dent of the Standard Coupler Company, 
who is one of the governors of the club. 
The speaker was in merry mood and at his 
best. His apt allusions and anecdotal 
illustrations were greeted by applause and 
laughter. 
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The Machinery Club movement was be- 
gun on April 4, 1907, when F. H. Still- 
man, president of the Watson-Stillman 
Company, who is also president of the 
club, called a meeting of the trade at the 
rooms of the Board of Trade and Trans- 
portation. More than 200 men in the ma- 
chinery and metal trades and allied indus- 
tries responded and a committee of 27 
was appointed to form the organization. 
Since then the growth has been remark- 
able, there being 1100 members before the 
opening of the club quarters. More than 
500 of these are local members. 

The organization cannot elect honorary 
members, the honorary class being limited 
to the President of the United States, the 
governor of New York, the mayor of New 
York City, the major-general commanding 
the Department of the East, U. S. A., and 
the commandant of the Brooklyn Navy 
Yard. There are members in 127 domes- 
tic cities, and in Mexico, Cuba, Japan and 
Europe. 





International Congress for the 
Prevention of Accidents 


Among the most important interna- 
tional congresses to be held this year in 
Europe is the eighth International Con- 
gress for the Prevention of Accidents. Its 
sessions are held every three years, and 
are always attended by the most influen- 
tial government officials, publicists, social 
economists, men of affairs and professors. 
The reports of the congress’ are made by 
the most eminent world specialists, so that 
the volume of these proceedings is the 
record of the world’s latest and best ad- 
vance in accident prevention. Of especial 
value the report of an interna- 
tional committee on the standardization, 
so to speak, of accidents, their causes, 
duration, and results, so that a world stan- 
dard may be agreed upon as the basis for 
a comparative study. Membership in this 
congress is $2, which entitles the sub- 
scriber to all the reports and the complete 
proceedings. The membership fee may 
be sent to Dr. W. H. Tolman, 231 West 
Thirty-ninth street, New York, by whom 
forwarded 


will be 


it will be acknowledged and 
to Rome. 





To Conserve Our Resources 


On May 19, Senator Newlands, of 
Nevada, introduced a bill for the appoint- 
ment of a national commission for the 
conservation of natural resources. 

The President is authorized to appoint 
a commission of 50 members for the in- 
vestigation of all questions relating to the 
conservation, use and control of the water 
resources of the United States for navi- 
gation, irrigation, municipal supply, power, 
and swamp-land reclamation, prevention 
of flood, and prevention of waste in 
mining. 
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POWER AND THE ENGINEER. 
Is the Coal Almost Gone ? 


Dr. Charles T. Steinmetz, of the Gen- 
éral Electric Company, talked before sev- 
eral hundred electrical engineers and 
students of the New York Electrical 
Trade School at the Engineers’ building, 
in New York, on the afternoon of Sun- 
day, May 17, upon “The Future of Elec- 
tricity.” He spoke of the growing 
scarcity of coal and of the growing de- 
pendence upon water power. In Massa- 
chusetts there is water power many times 
greater than that of Niagara running to 
waste. We must collect the water power, 
change it into electricity, and use it. The 
country could get along without physi- 
cians, but the human race will not be 
able to continue without electrical engi- 
neers. 

Dr. Steinmetz’ talk opened a far and 
broad view into the future, but although 
we wish in no way to detract from the 
force of the current agitation in the direc- 
tion of the conservation of our fuel re- 
sources, it ought to be said that his re- 
mark that “there are no doubt many per- 
sons in this room this afternoon who will 
live to see the time when soft coal will 
be out of reach for general use” is rather 
beyond a probability. It might apply to 
anthracite, but there are 1,000,000,000,000 
tons of bituminous coal in sight in this 
country alone, while our preserit consump- 
tion is about 500,000,000 tons. At the 
present rate of consumption, the bitumi- 
nous coal in sight would last 2000 years, 
and new supplies are being constantly dis- 
covered. Allowing for even the geometri- 
cal rate of increase of past years, there 
seems to be enough of the smoky variety 
in sight to allow of its general use for 
more than the years that a man has yet 
to live who has attained to the age of 
an electrical engineer. 





Careless versus Careful Engineers 





In case of a steam-plant accident, very 
little is said about the characteristics of 
the engineer-in-charge, whether careful 
or careless, learned or ignorant. The 
license law, as we understand it, deals 
only with what a man knows about steam 
apparatus and appliances. The fact that 
the candidate for a license may be very 
careless has little to do with the granting 
of a license. We would suggest that more 
attention be given this feature of steam 
engineers by the examiners. 

Not long ago the writer happened into 
the engine room of a large office building 
and found the engineer fast asleep while 
on duty. There was time to examine the 
engine room to the heart’s content while 
the spell of Morpheus bound him. .After 


a time, by means of several loud distress- 

ing coughs, the engineer was aroused. 
Another instance has been pointed out 

engineer 


where the claims to be so 
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familiar with the machinery that he does 
not hesitate to sleep a portion of the night, 
waking up often enough to keep water 
in the boiler and the steam at a pressure 
sufficient to keep things moving, although, 
sometimes, the latter is about all that can 
be said. In both instances these men held 
licenses, but they were guilty of sleeping 
while on duty, a practice not indulged in 
by careful men. Neither of these men is 
incompetent—merely careless, that is all. 

Which is the better man for a steam 
plant, the man who knows things and re- 
lies upon chance that nothing will happen 
to his machinery while he is indulging in 
a nap, or the man who does not know as 
much, but who is faithful in the perform- 
ance of his duties while on watch? 

We are of the belief that more acci- 
dents have been caused by the smart but 
careless engineer than have occurred with 
the less informed but careful engineer. 
It is not so much that a man knows the 
tensile strength of materials and the exact 
bursting pressure of a boiler with differ- 
ent riveted joints, as it is to have a man, 
who, by attention to his duties, discovers 
defects, which, if permitted to remain un- 
cared for, would develop into a disaster. 
Remember that these examinations are to 
determine the safety of men to run boilers 
and engines, not their ability to design 
them. 





Piston Speed 


Professor Weightman has been making 
some trials to determine the effect of 
piston speed upon the experimental en- 
gines in the laboratory of Armstrong 
College, | Newcastle-upon-Tyne, which 
form the subject of a paper read by him 
before the Northeast Coast Institution of 
Engineers and Shipbuilders. The trials 
were made by preserving a constant pres- 
sure in the steam chest, a_ constant 
vacuum, a constant point of cut-off and 
constant conditions of lubrication both of 
the steam and at the bearings. The en- 
gine was loaded by a brake adjusted so 
as to produce the desired variations in 
speed. The object of the test was to de- 
termine the effect of piston speed upon 
the efficiency of the engine. A fault of 
the method seems to be that the mean ef- 
fective pressure must have varied, also 
The Weight of steam used per revolution . 
was found to fall as the speed arose, 
which is natural, as with a fixed cut-off 
the amount of steam which can get into 
the cylinder with a given port will de- 
crease with an increase of the speed. But 
the steam used per indicated and especi- 
ally per brake horse-power does not fall 
continuously as the speed rises. 

With the engine used as a triple the best 
results were got at 220 revolutions, or 660 
feet of piston speed, and as a quadruple 
at 212 revolutions, or 636 feet, the results 
being expressed in pounds of steam used 
per brake horse-power. When change in 
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power is brought about by change in pis- 


ton speed, there is a certain limit of pis- 
ton speed for any particular engine at 
which maximum power is attained and be- 
yond which the power will fall off as the 
speed is increased. The piston speed at 
which the maximum economy is attained 
depends upon several factors and is de- 
termined to a very large extent by the 
mechanical efficiency of the engine. An 
increase in the value of mechanical effi- 
will, other things equal, 
the economy absolutely, 
but will advance the maximum economy 
on the scale of piston speed. 


ciency being 


not only raise 





The National Association of 
Stationary Engineers 


The engineer’s work being largely soli- 
tary, the habit of “flocking by himself” 
grows with the years he gives to his voca- 
tion. He rarely considers the advantages 
to be derived from mingling freely with 
men whose life occupation is the same as 
his own. The advantage of such associa- 
tion has not, as a rule, appealed to him. 
In the daily operation of his plant he 
solves the problems that come to him very 
much as a matter of course, without 
thinking that these same problems may 
be solved by others in a different way 
with the same results, that his experience 
may benefit a fellow-craftsman, or that 
he may be aided by knowing something of 
what another did under similar condi- 
tions. He is slow to realize the value of 
a sort of experience clearing house, in 
which problems are exchanged and all 
parties to the transaction benefited. 

Happily, this tendency toward aloofness 
.on the part of the engineer is being coun- 
teracted by the influence of the engineers’ 
organizations, one of the most prominent 
among these being the National Associa- 
tion of Stationary Engineers. More pro- 
gressive and thoughtful engineers long 
ago recognized the advantage of organi- 
zation and intercourse, and in ‘the cities 
associations and clubs came into being, 
the result of which showed that an organi- 
zation on National lines would accomplish 
vastly more good and have a more elevat- 
ing influence on the men and the calling 
than any local organization could pos- 
sibly hope to have. A National organiza- 
tion was advocated, and the proposition 
met with such favor that a convention was 
held in New York City, in October, 1882, 

t which the National Association of Sta- 
tionary Engineers came into being. The 

ssociation adopted a preamble to its con- 

titution, the breadth of which, if not un- 
eard of previously, was unique. It sought 
'o make merit the basis for reward; it 
cognized a sort of partnership existing 
etween the plant owner and the plant 
erator, and sought to increase the in- 
rest of the operator by an increase in 
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the value of his services. Education was 
the keynote of the organization, and the 
result justified its selection. 

At about the time of the organization 
of the National Association of Stationary 
Engineers there was a new impetus given 
all kindred 
lines by the introduction of incandescent 
and arc lighting, electric-power transmis- 


to the engine business and 


sion, new departures in heating and venti- 
lating systems and improvements in all 
lines of office and factory building me- 
chanical service. Naturally, this apparatus 
was placed in charge of the engineer, and 
he quickly learned that to be a success- 
ful operator he must be a thinker as well. 


That he became a thinker isgamply at- 
tested by the growth of the National 


Association of Stationary Engineers and 
the educational matter: published by the 
organization. 





Value of Engine Room Records 


To many engincers, engine-room records 
may seem but 
essential if the engineer is to 
claim to progressiveness. Every engineer 
should know what his plant is doing. 
Furthermore, no engineer can state, with 
assurance, what his plant is doing if there 
records upon which 
conclusions. It may seem to him that the 
operation is as smooth and economical 
as that of another plant of similar type 
and equal output, but there may be leaks 
which he has no means of detecting. 

Some may hold the opinion that a set 
of records will not show air leaks in the 
furnace setting, or how much waste goes 
on in the smoke flue, or how much steam 


they are 
lay any 


unnecessary, 


are no to base his 


is uselessly condensed. This is a wrong 
assumption, for a true record of the day’s 
operation will be as great a check upon 
the waste in a plant as is the cash register 
in the merchant’s store. It is not uncom- 
mon for one shift of firemen to burn more 
coal than another, and if 
kept of operation, there is no way of de- 


no record is 
termining the cause of the excessive con- 
sumption. 

In a certain plant one set of firemen in- 
sisted on having the stoker hoppers filled 
upon going on watch, but refused to leave 
them in the same condition. No trouble 
was experienced by that set of firemen in 
making a better showing than the other 
as regards the amount of coal consumed, 
because only the total weight of coal was 
recorded. If the time of filling the hop- 
pers had been set down on a coal chart, 
the chief soon would have observed that 
one shift for 
output of the plant than the other, and 
that the hoppers of one shift were filled 
the shift 
while they were nearly empty when the 
other went off duty. A log showing the 
output of the plant would also have shown 


was using more coal the 


shortly before was changed, 


how much coal was being burned 


per 





2 ay one 
37 / 


horse-power developed for both watches, 


as well as by each watch. 


lhe number of operating engineers who 


are able to tell at the end of the day’s 
run what the cost has been is compara 
tively small, while the number of those 


who have no conception of the actual cost 
is exceedingly large. The mere fact that 
f coal has been burned, 
nothing ; 


so many pounds 
amounts to well 
cepend upon the total sum of the coal 
bills the 

which is all that 
rely upon. 


one might as 
for the 
owners have to 
But, suppose ‘the fuel bill of 
one year shows an increased consumption 


year to determine cost 


many 


over that of the year before and it can- 
not be that the 
plant increased; if 


assumed the 
are nod 
records of the performance of the various 
apparatus, the the 
consumption cannot be determined. 


output of 
has there 


real cause of excess 

There are so many items which should 
be recorded in keeping. a steam-plant 
record that space forbids the mention of 
all. The following, however, tre! afew 
which should be recorded each day: 

The hours of operation of each boiler 
and engine, as well as the hours of idle- 
ness; the condition of each; when repairs 
are made, and of what nature. 

In the boiler room, at the beginning of 
each watch, the inches of draft? hight of 
water in the water glass; temperature of 
the feed-water (which reading should be 
taken hourly, the steam pressure being 
read at the same time). 

If there is a heating system, as is the 
case with many isolated plants, the tem- 
the should be kept. 
If a vacuum system is used, the state of 
the vacuum should be determined hourly ; 


perature of returns 


and if live steam is used, the length of 
time and the pressure passing to the system. 

Cards showing the condition and horse- 
power of all engines in operation should 
be taken daily and a record kept as to 
condition. If generators are in, use, the 
reading of the ammeter should be taken 
hourly, and where there is a wattmeter, 
the reading might be taken at the close 
of each watch. 

It is not possible to devise a system of 
record keeping that itself to 
every plant; but the engineer who really 


will lend 
wants to know what his plant is doing, 
its actual cost of operation, and why it 
a thousand kilo- 
watt-hours will 
find no difficulty in devising a record sheet 
that will answer the purpose for his indi- 
vidual plant. 

One point which should not pass un- 


costs more to generate 


one week than another, 


noticed is that of simplicity. If the sys- 
tem is so complicated as to demand time 
defeat 


stibordinates are 


and labor to maintain, it will its 


object, because averse 
to helping to perfect any scheme that will 
add to their work. 
tem the better. 
blank suitably ruled and subdivided will 
recording all the - data 


The simpler the sys- 
A well-arranged record 


give room for 
necessary. 








Testing Separators 





By W. H. WAKEMAN 


The tests described in this article were 
made by a working engineer in charge of 
a small steam plant, without the use of 
complicated scientific instruments. The 
explanations and results are given for the 
encouragement of others who are labor- 
ing under similar conditions, in order to 
show them that an expensive outfit is not 
always necessary for testing a steam 
plant, also to call attention to a few things 
to be observed while doing this work, as 
failure to exercise due care along this 
line will give unsatisfactory results. 


THE PLANT 

The plant consists of one tubular boiler 
ef ordinary design and construction. It 
supplies steam through a 4-inch pipe to a 
medium-speed engine, which is regulated 
by a shaft governor, and it develops an 
average of about 50 horse-power, although 
there is great variation in the load be- 
cause the power developed is used to drive 
woodworking machinery. 
Fig. 1 shows one separator in the steam 
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other words, to stretch until it is no lon- 
ger safe under a good working pressure. 

As a pint of cylinder-oil is sufficient to 
lubricate the internal parts of such an 
engine, for five hours, the weight of it is 
not worthy of consideration ; 
therefore, when the weight of water and 
oil taken out about 
pounds per hour with a given load, it 
seemed to be This raised a 
question concerning the quality of steam 
coming from the boiler, as it seemed to 
be wet, and this idea was strengthened by 
the fact that occasional noises were heard 
in the cylinder, indicating the presence of 
water. Inasmuch as an engine that was 
formerly used to drive machinery in this 
plant was wrecked by water coming over 
from the boiler, the engineer did not wish 
to run the risk of damage to the new 
engine from the same cause, therefore he 
induced his employers to purchase another 
separator and he installed it in the steam 


serious 


amounted to 125 


excessive. 


pipe, 

This was fitted with a trap in the usual 
way to dispose of all water discharged by 
the appliance, and after it had been in 
use long enough to show that it worked 
perfectly, a test was made by providing a 
barrel into which the trap discharged for 



































































FIG. 1 


pipe and another in the exhaust pipe, but 
originally there was but one and that was 
put in the exhaust pipe to remove cylinder- 
oil, in order to purify the steam so that it 
could be used for heating purposes with- 
out clogging the radiators with sediment 
from the oil; also to prevent damage to 
the boiler from a coat of non-conductor 
of heat on the shell, the effect of which is 
to prevent water from coming in contact 
with the sheet, causing it to bag; or, in 


















giving almost exactly 100 


pounds of water, or 20 pounds per hour. 


five hours, 


MAKING TESTS 

The exhaust-steam separator was tested 
for two hours, giving 95 pounds of water 
for one and 108 pounds for the other, or 
an average of 101.5 per 
Adding 20 pounds that came from the 
live-steam separator gives a total of 121.5 
pounds per hour, and when this is com- 


pounds hour. 


pared with the amount previously secured 
from the 
(which 
load on 


exhaust-steam separator alone 
was 125 pounds with a similar 
the the 
small, and only what would be expected 
from two different tests. 

With some engineers this would be tinal 
and satisfactory, but it was not so with 
the engineer in charge of this plant, for 
he reasoned that more water might come 
from the boiler than the separator could 
dispose of, hence some of it would still 
the Furthermore, 


engine ), difference is 


pass over to engine. 
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noises in the cylinder continued to be in 
evidence, although less frequently than be- 
fore, and these might be caused by water. 


BARREL CALORIMETER TEST 


In order to settle the matter beyond 
dispute he tested the steam after leaving 
the first separator and before it entered 
the cylinder, using what is known as the 
barrel calorimeter test for this purpose. 
The principle involved in this test is as 


~=zJ 
































FIG. 2 










follows: <A certain weight of water at a 
known temperature ts put into a barrel. 
A small pipe is tapped into the large one 
from which the sample of steam is to be 
taken, and this small pipe extends to the 
center of the large one, in order to get a 
proper sample of its contents, for if it 
were taken from the side of this larger 
pipe it would undoubtedly contain more 
water than the whole would average. See 
Fig. 2. Steam is blown from this small 
pipe into the large quantity of water until 
its temperature is to about 125 
degrees Fahrenheit. It is not necessary 
to secure any exact temperature, but it ¢ 
should never exceed 150 degrees, where 
the water is warm to start with, and if it 
is below 50 when first taken, a final tem- 
perature of 125 degrees is high enough. 

The total weight of now 
greater than before, and its temperature is 
higher; therefore, when the increases in 
weight and temperature taken into 
consideration, in connection with the for 


raised 


water is 


are 


mer weight and temperature, the final re- 
sult shows the quality of steam used, be 
cause a very dry sample will raise the 
temperature quickly and the weight slowly, 
while -a wet sample will deliver more or 
less water, thus raising the weight quickly, 
but the temperature will rise slowly. 


RULE For TESTING 


The following rule was used to deter 
mine the result after the required data 
were found: 

RuLE—Multiply the weight of 
water used by the final minus the initia 
temperature, and divide the product |. 
the weight of condensed steam. From thi 
obtained subtract the ten 


cola 


quotient so 
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perature of steam at given pressure, and 
to the remainder add the final tempera- 
ture of water. Divide the sum by the 
latent heat of steam at corresponding 
pressure and the quotient represents the 
quality of steam tested, taking unity or 1 
as dry steam. 

A barrel was weighed and 400 pounds 
of cold water was put into it at a tem- 
perature of 4o degrees Fahrenheit. 
was blown into it 


Steam 
until the weight in- 
creased 29.5 pounds, when the tempera- 
ture had risen to 124 degrees. Then 
400 X (124— 40) + 29.5 = 11309. 

Steam was carried at 85 pounds gage pres- 
sure; therefore, it has a temperature of 
327 degrees and its latent heat is 883. 
Then, 


1139 — 327 + 124 + 883 = 1.00. 


This shows that there was no moisture in 
the steam as 11 came from the live-steam 
separator; therefore, nearly all water 
taken out by the exhaust-steam separator 
was due to cylinder condensation, as there 
is little surface exposed to radiation be- 
tween them. We are taught that cylinder 
condensation accounts for much of the 
difference between the amount of water 
pumped into a boiler, and the weight ac- 
counted for by the indicator diagram, 
and this test illustrates this point in a 
very practical way. 


ADVANTAGE OF THIS KIND oF TEST 

While it is always an excellent idea to 
use the utmost care in conducting a test 
of any kind, there is one advantage gained 
by the use of a barrel calorimeter to de- 
termine the quality of steam, which is that 
slight errors in determining pressures and 
temperatures do not make a test of no 
value, as the final result is affected but 
little by them. For illustration of this 
point, suppose that the pressure gage was 
not correct and it indicated a pressure 
that would make the temperature 332 in- 
stead of 327. The thermometer might in- 
dicate 120, when the correct temperature 
is 124, but it would only make the answer 
1.05 instead of 1.06, which is too small a 
difference to be worthy of consideration. 
This is not presented for the purpose of 
encouraging carelessness in making these 
tests, but to show that if the working 
engineer is not supplied with correct in- 
struments it need not prevent him from 
doing the best that he can under given 
conditions. 


To Test a THERMOMETER 

In winter it is an easy matter to test 
a thermometer, for if it is put into water 
resulting from melting snow or ice under 
normal conditions, it should indicate 32 
degrees Fahrenheit. Of course, this can 
be done in summer by procuring ice for 
the purpose, but if this is not convenient 
the instrument can be tested by slowly im- 
mersing it in boiling water. 

If the location is near the sea-level it 
should indicate 212 degrees, but if it is 
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on higher ground, water boils at a lower 
temperature. However, a difference of 2 
degrees will be sufficient for several hun- 
dred feet sea-level. If a_ ther- 
mometer is tested at both freezing and 
boiling points, it will be better than one 
test only. 


above 


When taking the temperature 
of water in a barrel care must be taken 
to thoroughly stir the whole in order to 
get a complete mixture of hot and cold 
water. 

There are two points in this connection 
that 
engineers. In of our cities there 
are educational institutions in which scien- 
tific instruments of various kinds 
used. I have found that men in charge 
of various departments of these institu- 


are sometimes forgotten by busy 


many 


are 


tions are willing to test a steam gage or a 
thermometer for a working 
when requested to do so; therefore, every 
man in charge of a steam plant should 
take advantage of such privilege. If the 
boilers in a plant are insured, the com- 
pany will test these instruments for the 
engineer, or lend instruments to him, if 
necessary, for the purpose of making a 
test. As long as 
available, there is no good excuse 
failure to become familiar with the 
of all common instruments, which 
formerly considered as belonging to scien- 
tific laboratories only. 


engineer, 


these privileges are 
for 
use 


were 





Singular Explosion in an 
Economizer 


An explosion which occurred recently 
in the new steam-generating plant of the 
Hamilton Manufacturing Company, Low- 
ell, Mass., resulted in slight injuries to a 
number of the 
damage to the economizer and flues and 
minor damage to adjacent piping and to 
the building. 

The explosion occurred in the 
mizer chamber, lifted the heavy 
mizer and replaced it so gently as not to 


workmen, considerable 


econo- 


econo- 


break the bolted cast-iron connections, 
blew two holes, one about 4x6 feet and 
the other about 3 feet in diameter, 


through the bottom of the economizer in- 
closure, which was made up of an 8-inch 
concrete slab carried 8-inch 
beams, the evidence plainly showing that 
the force was downward, and drove most 


between 


of the windows out of the hoiler house. 
There have heen three hypotheses ad- 
vanced to account for the explosion: First, 
the explosion of gas within the 
mizer chamber; second, the detonation of 
an explosive within the economizer cham- 
ber; third, the rupture of the economizer 


econo- 


due to internal pressure. 

It is hardly conceivable that an ex- 
plosive mixture of gas could lie in the 
the outlet end of the 
connected to the stack, 
which produced a draft equivalent to 1% 
inches of water, and if the outlet damper 


economizer, as 
economizer was 
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was closed it is hardly probable that it 
would be sufficiently tight to prevent the 


scavenging of the chamber. There was 
no evidence that there was any opportun- 
ity for air to infiltrate to combine with 
the gas to make an explosive mixture. 
Neither is it probable that if a gas ex- 
plosion occurred its effect would be so 
clearly localized as was evidenced by the 
condition found after the accident, nor is 
it probable that it would have been of 
sufficient force to produce the disturbance 
that followed. 

The theory of the detonation of an ex- 
plosive would account for all that hap- 
pened, and the destruction of the 8-inch 
floor in the soot chamber showing clearly 
that the pressure was exerted downward 
has the appearance of the usual effect of 
such an explosion. This would also ac- 
count for the shattered condition of the 
economizer sections and pipes, which in 
turn would release to the atmosphere a 
large quantity of superheated water, re- 
sulting in an enormous volume of steam, 
which with steam from damaged piping, 
would fully account for the damage to the 
building and the blowing out of the win- 
dow frames and sash. 

There is some doubt that anyone would 
have the temerity to place a high explo- 
Sive in position on account of the attend- 
ant risk of locating it in the economizer 
chamber; neither has there been shown a 
sufficient motive for such criminal 
chief. 


mis- 


The third cause would seem most logi- 
cal, but there are some features that pre 
vent an unreserved acceptance of this 
theory. 

The economizer equipment in this plant 
is in two parts, one part normally serving 
one battery of boilers, the other part, of 
twice the capacity, normally serving two 
batteries of boilers. It was in the larger 
section that the accident occurred. 

Owing to the blowing out of a gasket, 
the smaller economizer had been cut out 
some time previous to the accident, this 
being accomplished by closing the inlet 
and outlet dampers, opening the by-pass 
damper, closing the inlet- and outlet-wa- 
ter valves and opening the by-pass water 
valve. 

During the early morning hours some 
difficulty was found by the attendants in 
maintaining pressure and water level in 
the boilers due to the heavy steam de 
mands in starting the mill 

In order to reduce the friction head on 
the discharge side of the pump with a 
view of more rapidly recovering the wa- 
ter level in the boilers, the larger econ- 
omizer 
would 


ordered cut out and_ this 
the same adjustment of 
dampers and valves as for the smaller 
One of the men was or- 
dered to perform this duty and reported 
that he had done This adjustment 
would leave the economizer full of wa- 
ter. The water entered the economizer 
after passing through a feed-water heater 


was 
involve 


economizer. 


so. 
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and was at a temperature less than 212 
degrees Fahrenheit. 

Shortly before the accident one of the 
workmen noticed the thermometer in the 
outlet end of the economizer and reported 
that it read over goo degrees Fahrenheit. 
It is hardly conceivable that a structure 
such as an economizer would be sufficient 
to withstand the pressure incident to an 
increase in temperature from 212 to 400 
degrees Fahrenheit, even with full allow- 
ance fof the air entrainment in the wa- 
ter, and this 
tically free from leakage the strains should 
be considered far in excess of the tensile 


as economizer was prac- 


strength of the material. 

If the dampers had not been properly 
adjusted, as might have happened due to 
neglect, carelessness or error on the part 
of the man who was instructed to cut 
out the economizer, and whose duty it 
was to adjust the dampers, heat would 
liave been added to the water in the econ- 
omizer, its tendency to expand being con- 
verted into pressure, and if the safety 
valve had failed to act, as has been sug- 
gested, it would have been natural to ex- 
pect that when the limit of strength of 
any part of the economizer had been 
reached that part would have let go, re- 
lieving the and the damage 
would have been confined to the broken 
piece, happened in 
many times, and such a break should have 
occurred long before the temperature of 
the water confined in the economizer 
could reach 400 degrees Fahrenheit. 

In this 
section apparently failed simultaneously, 
which action is difficult to understand in 
a structure built and operated as is an 
economizer. 


pressure, 


as has economizers 


case, however, a_ considerable 


Another peculiar effect of the explosion 


is evidenced in the fact that instead of 
the economizer parts simply rupturing, 
many of the tubes and headers were 


broken up into small pieces, showing the 
appearance ‘of the effect of exterior ex- 
plosion rather than that due to excessive 


internal pressure. There was not the 


slightest evidence of any defect in the’ 


castings which make up the economizer. 
The material appeared to be of the best 
and there was no appearance of slipping 
of cores nor any evidence of deficient or 
defective design. The workmanship and 
material of which the 
made appeared to be first-class in every 


economizer was 
respect. 

If this failure had been due to internal 
pressure it would naturally have been ex- 
pected that a tube would 
have cracked and relieved the pressure, 


header or a 
which would be the normal action of an 
economizer under this condition. Instead, 
a number of complete sections were de- 
molished, breaking the castings into pieces 
in many cases no larger than a man's 
hand and resulting in the tearing of walls 
and floors in a manner unexplainable. 
The secondary damage to the building, 
blowing out of windows and the disturb- 
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economizer 


ance of the balance of the 
are all quite free from mystery when it 
is remembered that something like 70,000 
pounds of water and the 
steam from damaged steam pipes was sud- 
denly released to atmospheric condition in 
the relatively confined space of the boiler 


superheated 


room. 

It is particularly interesting to note that 
aside from slight 
due to the release of the large volume of 
steam, the small although 
having been out of service and presum- 
ably in the same condition as the larger 
one, suffered no damage. 

Westinghouse, Church, Kerr & Com- 
pany, the engineers and constructors of 
this plant, appreciating that there were no 
obvious reasons to account for all the 
features of the explosion, immediately se- 
cured recognized experts to investigate 
and report on the conditions, and nothing 
was disturbed until after these’ examina- 
tions were made. 

The written reports of Capt. Charles H. 
Manning, superintendent of the Amoskeag 
Manufacturing Company, Manchester, N. 
H., and Walter W. Farnum, Government 
chemist and expert on explosives at the 
Naval Torpedo Station at Newport, R. L, 
after an examination of the plant inde- 
pendently on Feb. 21, 1908, are as follows: 


some disarrangement 


economizer, 


CapTaAIN MANNING'S REPORT 

“Your letter of yesterday with copy of 
telegram received last night is at hand, 
and in the meantime I have visited the 
wreck at the Hamilton Mills and have 
made up my mind as to whet happened. 
The economizer gave out from over pres- 
sure, and the blowing off of the casing, 
bursting out of windows and, in fact, 
most: of the damage, was done gently from 
the large volume of very low-pressure 


steam generated from the released hot 
water. Now for mv reasons for this 
theory: 


“Time, between 8 and 9 a.m. Steam had 
been down but was on the rise, which 
had been accomplished by checking up the 
feed till the water was low and the man 
in charge (for some reason) thought he 
could regain the water level more quickly 
by shutting off the economizer, and sent 
a man, who did so, then changed the 
dampers to send the gases directly to the 
chimney. Then he sent him back to try 
the safety valve on the economizer, a 2%- 
spring valve, with hand-wheel and screw. 
The man slacks up the screw and finds 
‘no pressure. What had become of the 
100 and odd pounds under which they 
That 
Another man went to look at the tempera- 


were feeding? valve was stuck. 
ture of the water in the economizer and 
says the mercury was clear at the top, 400 
degrees, and being certain that something 
was wrong, he ran but was not quick 
enough, and it caught him and he is now 
in the hospital. Had the safety valve 
been operative he could not have got any- 
where the 


near they 


thermometers, as 
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On the other 
hand when we took this valve to pieces 


were on the same casting. 


today it did not appear gummy or sticky, 
but I consider it very inadequate for its 
purpose. Where the heating surface is so 
large compared to the volume of water 
the pressure will run up very fast from 
expansion when the water is confined. 

“That flue was hot, 500 degrees or bet- 
ter, for the fires were at their very best 
and as soon as valves and dampers were 
closed the water in the economizer pro- 
ceeded to heat up and put an abnormal 
pressure on the economizer till it gave 
out without much of any noise, for the 
man in charge says the first notice he had 
of anything wrong was men running and 
glass flying.” 


Mr. Farnum’s REPORT 


“From the general appearance of the 
débris as I saw it yesterday it would be 
impossible to state positively that the ex- 
plosion was caused by an explosive, for 
instance, dynamite, but I do believe, how- 
ever, that dynamite could and would have 
given similar results. Of course in this 
case the action of the explosive, if one 
had been used, was considerably compli- 
cated and increased by the 
amount of steam which would be formed 
by the bursting of the tubes at the time of 
the explosion and thereby greatly increase 
the force of the explosion. 


immense 


“One of the most suggestive features is, 
to my mind, the apparently downward ten- 
dency of the explosion which is a pecu- 
liarity of dynamite and gun-cotton. This 
was shown by the fact that the 8-inch 
concrete floor was completely demolished 
and that the second floor was cracked and 
even perforated in one or two places. 

“There was another point, namely that 
the center of the explosion was apparently 
at the base of the economizer, or more 
likely in the soot chamber underneath. 
This can doubtless be more clearly de- 
termined when the broken tubes are as- 
sembled but it seems reasonable from the 
fact that the broken pipes appeared to 
have been blown upward and the adjoin- 
ing series of tubes- which were moved 
from their foundations were forced up- 
ward and backward. Also that the brick 
supporting wall at the end was so badly 
broken and scattered. 

“Of the dynamite 
seem to be the most convenient and prob- 


explosives, would 
However, I cannot im- 
agine how it would have been placed in 
position with it 
would hesitate about throwing it in the 


able one to use. 


for anyone familiar 
economizer while it was in operation. This 
could be done, nevertheless, provided it 
did not strike a hot surface, for dynamite 
in experiments has been thrown a dis 
Its 
170 to 180 degrees 
Centigrade (356 degrees Fahrenheit), but 
at temperatures this it is 
readily exploded by pressure, jar, vibra- 


tance of 1000 feet without explosion. 
firing point is about 
much below 


tion or force of any kind as its sensitive 
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ness increases rapidly with the tempera- 
ture. It could be possible therefore, that 
the dynamite could have been placed there 
when the economizer was cool and after- 
ward had not been heated to its ignition 
point but was finally detonated by an un- 
usual jar. This, however, is all theory as 
there was nothing such as residue, etc., 
which could be taken as proof of dyna- 
mite. 

“Of the other possibilities—gas, soot 
and steam—the last one seems the most 
probable but that is more in your line. 

“I would like to inquire if you noticed 
whether the window cases or any of the 


A 
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« 
Conservative judgment will probably 
decide that the weight of evidence indi- 


that the accident 
ternal pressure caused by a 


cates was due to in- 


set of con- 
ditions not altogether clear hut it is prob 
able. that the exact and definite cause may 
never be assigned. 





Simple Forced Draft Installation 


By Georce R. WILLIAMS 


had 


engineer 


Upon his return to 
held 


a position he 
before, an 


several 


years 

































































SIMPLE FORCED-DRAFT 
woodwork where the gas escaped showed 
signs of flame or intense heat and also 
if any of the tubes 
dentations 
buckling.” 
All that happened could be accounted 
for upon the explosive theory, but it is 
difficult to the 
could have been used. The internal pres- 
sure theory would be entirely acceptable 
except for the extent and condition of the 
wreckage, the destruction of the 
floor in the chamber and 
stricted zone of primary damage. 


showed marked in- 


or any signs of bending or 


conceive how explosive 


heavy 


soot the re- 
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IN A WOODWORKING PLANT 


found an load 


and boilers, which was being met in a 


increased on the engine 
most extravagant and unsatisfactory man- 
ner. The power plant consists of two 
125-horse-power water-tube boilers, and 
a balanced slide-valve engine driving a 
generator which 
large 


furnishes power to a 
woodworking establishment. The 
first boiler outfit in this plant consisted of 
four 2-flue boilers, 48 inches by 24 feet. 
When the water-tube boilers were put in, 
three of these old boilers were divested of 
steam and mud-drums and heads, riveted 
together, and used at the lower part of 


881 
a self-supporting stack. Above this was 
placed 36 feet of No. & iron, making a 
stack 48 inches by 108 feet. During the 


past winter the No. 8 iron showed signs 
This 


Was 


of decay and had to be removed 
affected the that it 


next to impossible to keep steam up to the 


draft so much 


required pressure; it 


by careful 


was done, however, 
the 
seven trucks of 


firing of all the refuse of 
mill with the addition of 
lump steam coal. 

\fter this had been going on for several 
weeks the old-time engineer returned and 
immediately installed the 
apparatus shown in accompanying sketch, 
where 1 is a 


designed and 


the boiler 
house roof), which is so constructed that 


separator (on 
the blast and shavings coming from the * 
mill through the pipe D are caused to part 
company, the blast going out through the 
top of the and the shavings 
continuing on to the boilers, through the 
pipe B. Should this pipe B fill up, the 
surplus may go to a bin via 


separator 


an overflow. 
He tapped C in above the point where 
the separation takes place, in such a way 
that the whirling blast would be caught 
to the best advantage and conducted by 
the main pipe C and branches to the ash- 
The top of the 
equipped with a_ slightly 


pits. separator is now 
weighted sheet- 
10n lid which acts as a safety valve when 
the gates /} E are closed. The gates F F 
are for regulating the flow of the shavings. 


This simple and inexpensive addition 


has added so much toward proper com 
bustion and quick steaming that only 
three trucks of nut and slack coal are 
now required, in addition to the refuse. 
One of the old boilers has been taken 
down for further safety, leaving a stack 


only 48 feet high, the top of which is 
smokeless, excepting when a fresh fire is 
being put in. There are, no doubt, many 
plants in the woodworking business hav- 
ing these separators where this idea, if 
adopted, would add 


nomical operation 


perceptibly to eco 





The Engineers’ Socicty of Milwaukee 
has joined the Association of Engineering 
Societies, and hereafter papers of interest 
which are discussed by the Milwaukee so 
ciety will the monthly 


Association of 


be published in 
publication of the 
neering Societies. 


kengi 
The Milwaukee society 
has arranged a series of lectures and dis- 
cussions which includes the 
“Engineering Work on the West 
Shore,” “Electric Motor Controlling De- 
vices,” “Steam Shovels Dredges,” 
“Modern Concrete The 


society has more than 100 members de- 


following 
topics: 


and 
? il li ” 74 
sulldings, etc. 
voted to the advancement of the science of 
engineering. 





The Brooklyn Engineers’ Club members 
visited the Edison Portland Cement Com- 
pany’s plant at Stewartsville, N. J., May 
16, going in a special train via the Dela- 
ware, Lackawanna & Western railroad. 





Lap Riveted Joints 


By A. L. CAMPBELL 





Much has been written about lap- 
riveted boiler joints and why they should 


not be used. The following is, | believe, 
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a new method of attacking this problem. 

A single-riveted lap-joint having a ten- 
‘sion of 3000 pounds per inch of length is 
shown in Fig. 1. The two plates tend to 
pull apart, shearing the rivets in the plane 
AB. Theoretically the eccentricity of the 
load thus produced in the plates is one- 
half their thickness, or 3/16 inch. In a 
portion of this joint one inch in length, 
the bending moment in the plates amounts 
to 3000 times 3/16 inch, or 562.5 inch- 
pounds. Since the maximum fiber stress, 
tension and compression, is equal to the 
bending moment divided by the sectional 
modulus of the section, 


562.5 


= 8 
0.0234 es 


pounds, 
The stress of 3000 pounds produces a 
uniform tension in the plate of 


ri ee 
pounds per square inch. The maximum 
tensile stress per square inch in the plates 
Is 
24,000 ++ 8000 = 32,000 
pounds. 

Practically, however, this eccentric load 
is not applied at the extreme edge of the 
plate, due to the stiffness of the rivets and 
the yielding of the metal in the inner face 
of the plate where the rivet bears upon it, 
but at some point between the face and 
the middle of the plate. If we assume this 
point to be midway between the middle 
and face, the fiber stress falls to 


24,000 


- --++ 8000 = 20,000 


pounds per square inch. 
The stresses are obtained with a joint 





ae 


SES 
“Ww 





Tension 


FIG. 2 
efficiency of only 50 per cent, the working 
stress of the plate being 16,000 pounds per 
square inch. If the joint were double- 
riveted with an efficiency of 65 per cent., 
the stress per inch of joint would be 3900 
pounds, instead of 3000 pounds, and the 
maximum fiber stresses per square inch 
under the above conditions would become 
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41,600 pounds and 26,000 pounds, respec- 

tively. 

That some such action as this actually 
occurs is proven by Fig. 2, which shows 
an exaggerated condition of the joint in 
Fig. 1 when tension is applied to it. The 
under surface of the left-hand plate and 
the upper surface of the plate to the right 
are in tension, while the other two sides 
are in compression, just as the eccentric 
loading would cause them to be. 





Installing a Condenser in a Hurry 


A Wheeler condenser was to be in- 


stalled in a certain plant, but it was found 
upon measurement that the regular type 
of lack of 


would not go in on account 
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two blocks on either side of each bolt, 
which removed the necessity of boring a 
hole through a solid block. On top of 
the two pieces of blocks was placed a 
piece of plate iron as shown, to act as a 
A rod was passed through the 
eye of each eye-bolt under the condenser 
body and then the nuts on the other end 
were tightened up until condenser 
was properly suspended. 

The air and pump then 
moved into place and bolted to the con- 
denser, after which the proper pipe con- 
nections were made. 


washer. 


the 


vacuum was 


The condenser was 
then started up and operated while the 
foundation was being built; a matter of 
about three weeks. After the foundation 
had hardened the suspension bolts were 
removed 








Water Outlet 


Lae 










Exhaust 
Steam 








b Inlet 





oo 





mmm mi 
wo 







































METHOD OF 


head room. There was but one way out 
of the difficulty and that was to have a 
specially designed inlet for the injection 
water, which instead of extending up ver- 
tically was cast so that the outlet was 
parallel with the longitudinal center of the 
condenser, as shown at 4. This piece was 
cast with a flange to which was fitted a 
special fitting B. 

As the condenser was wanted at once, 
and there was no time to permit of build- 
ing a suitable foundation, the chief en- 
gineer decided to suspend the condenser 
from the floor above and operate it while 
the foundation was being built. This was 
done in the following manner: 

The condenser proper was gotten into 
place and jacked up to its proper position 
and suspended by means of four eye-bolts 
and two iron rods as shown. The eye- 
bolts were of such a length that after 
passing up through the floor sufficient 
length was exposed to permit of placing 





SUSPENDING 


THE CONDENSER 


In order to meet the constantly increas- 
ing demand for training in gas engineer- 
ing, four courses have been established at 
Cornell University. First, a 
lectures on the general theory of gas en- 


course of 


gines; second, a course of lectures on 
gas-engine design; third, a drafting-room 
course in gas-engine design; and, fourth, 
a lecture course which treats of the engi- 
neering problems involved in the conver- 
sion of various solid and liquid fuels into 
gas fuels, and in the transmission of gas 


fuels. 





The construction of a hydroelectric 
plant to develop 2000 horse-power is in 
contemplation by the Martin Power Com- 
pany, West Plains, Mo. It is proposed to 
build a dam and power plant on Big 
North Fork river at McCabe and trans- 
mit current for power and lighting to 


West Plains, 20 miles distant 
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Power Plant Machinery and Appliances 


Power Devices 


Write-ups Used 


Original Descriptions 
No Manufacturers’ 





MUST BE NEW OR 


The Dunn Water Gas Grate When liquid fuel is used, 


of petroleum is passed through the pipe A 
into the small chamber in the grate-bars. 
The petroleum is vaporized and the vapor 
commingles with the superheated steam use in England and [rance 


The accompanying engravings illustrate 
a novel type of grate for the production 
and combustion of water gas in an open 


furnace. The grate is the invention of 
Leslie Dunn, and has been manufactured \. 


spray 


INTERESTING 





in England. It is simple in construction 
and can be adapted to any type of boiler 
without disturbing the existing fittings. 

Fig. 1 shows a longitudinal section and 
Fig. 2 a plan view of the grate, as applied 
to a Lancashire boiler. It consists of a 
series of fire-bars bolted together. The 
bars have extensions on their under sides 
which form an air-tight chamber of con- 


venient shape; this is used as a superheat- z| IS | 
ing and distributing chamber. A smaller Ss 


chamber immediately above this is pro- 
vided for the introduction of liquid fuel 
when that is used. 














mers 


SS 





Ss 





In, operation, a fire is built on the grate r ’ 
in the usual way, the fuel being coke or 
anthracite. When the fuel becomes in- 































































































FIG. 2. PLAN VIEW OF DUNN GRATE 


LONGITUDINAL SECTION OF DUNN GRATE 








FIG. 3. €ROSS-SECTION OF SUPT! 
AND DISTRIBUTING CHAMBER 





candescent a jet of superheated steam is 
passed through a nozzle into the pipe, S, 
which extends the whole length of the 
superheating chamber. This pipe is per- 
iorated with a series of small holes along 
its sides through which the steam passes 
into the distributing chamber; here the 
stean’ becomes more highly superheated 
and passes up through the steam ports P, 
Figs. 2 and 3, into the fire. The steam 
passing through the coke is decomposed 
and water gas is formed. The air passing 
through the furnace door and over the 
fire combines with the hydrogen and the 











latter burns, producing a flame of high 
temperature. 





PERSPECTIVE VIEW OF SINGLE-JET DUNN GRATE 





and passes up through the fire bed; it 1s 
decomposed into permanent gases and as 
such is immediately burnt in the furnace 

A large number of these grates are im 











884 


is smokeless and the inventor asserts that 
operating records show a large saving 
in the fuel bills, with a corresponding 
high efficiency in evaporation. 

Fig. 3 is a cross-section showing the 
details of the superheating and distribut- 
ing chamber, and Fig. 4 is a perspective 
view of a small single-jet grate. The 
inventor’s present address is McKinley 
avenue, East Orange, N. J. 





Allan Metal 


A metal which is believed to possess ex- 
cellent anti-friction qualities, with a melt- 
ing point sufficient to resist the heat con- 
ditions of the cylinder and contraction and 
expansion equal to cast iron, is found in 
Allan metal, made by A. Allan & Son, 
486 Greenwich street, New York. These 
qualities make it suitable for use on pis- 
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FIG. 2. METHOD OF PEENING THE METAL IN 


BULL-RINGS 


tons and crossheads, where economy de- 
mands that friction be reduced to the min- 
imum, 
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FIG. I. 


PISTON AND CROSSHEAD FITTED WITH ALLAN METAL 
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In Fig. 1 are shown a piston and cross- 
head fitted with Allah metal. When. the 
metal is used on pistons it is cast in seg- 
ments of the proper radius and peened in 
the dove-tail grooves cut in the bull-ring. 
See Fig. 2... When the metal 
projects about 1/16 or % inch, so that 
only the packing-rings and the metal bear 
on the walls of the cylinder. By its use 
it is claimed that the wear of the cyl- 
inder is greatly reduced. i 


finished, 





Golden Self Closing Water Gage 


Various devices have been placed upon 
the market for shutting off the supply of 
steam and water from a boiler when a 
gage-glass has broken. One of the latest 
to enter this field is the Golden self-clos- 
ing and tempering protected water gage, 
the purpose of which is instantaneously 
to shut off the supply of steam in case of 
a broken glass, and also to provide means 
of gradually increasing the temperature of 
the newly inserted glass to that of the 
steam. 

The construction of this device. is as 
follows: The upper fitting consists of a 
straight chamber leading from the boiler 
into another chamber in which is placed 
the automatic plug having its disk recess 


SECTIONAL VIEW OF GOLDEN SELF-CLOSING 
WATER GAGE 


in the back, which enables the steam to 
impinge upon it when the glass breaks. 
This plunger is held open by means of a 
spring placed back of the brass bearing 
washer, which also acts as a gasket be- 
tween the body and the center piece carry- 
ing the quick-closing shut-off valve-stem. 

On the top of the upper fitting is shown 
the pin-valve, which provides a by-path in 
the wall between the main chamber and 
the chamber directly leading to the glass. 
This is for the purpose of gradually heat- 
ing a newly inserted glass and building 
the pressure upon it, and also for restor- 
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ing the automatic valve to its normal posi- 
tion after the pressure on the glass has 
reached that in the The 
fitting has a blow-off connection for the 
purpose of cleaning and draining. 

It will be scen from the illustration that 
there are few internal moving parts, while 
the areas are unrestricted, and also that 
the location of the 
where it can be kept in operative condi- 
tions by frequently shutting the positive 
cut-off by means of a chain, not shown, 
attached to the lever. It is manufactured 
by the Golden Valve Specialty Company, 
Fulton building, Pittsburg, Penn. 


boiler. lower 


automatic valve is 





A 30,000 Gallon Per Hour 
Water Softener 


Experiments are now being made with 


a new 30,000-gallon-per-hour water soft- 
ener, designed by A. R. Holmen, chief 
draftsman of the motive-power depart 


ment, and built by the southwest system of 
the Pennsylvania lines west of Pittsburg, 
at their shops in Indianapolis, Ind. 

The softener consists of the following 
parts: One settling tank or clear well, one 
mixing drum, one solution tank with lime- 
slaking tank adjustable 
lution pump, and 
necessary piping. 

To the water-motor shaft is attached 
by chains and sprockets stirring apparatus 
mounted in the mixing drum and solution 
tank, also, by an adjustable crank-arm, 


SO- 


the 


above, one 


one water motor 


the solution pump. 

The operation of the softener is as fol- 
lows: When the valve at the raw-water 
inlet is opened, the water passes through 
the motor and sets it in rotation. Through 
the motor shaft the motion is transtnitted 
to the stirring apparatus and _ solution 
pump. For each revolution of the motor, the 
solution pump makes one stroke. The length 
of the stroke and the strength of the solu- 
tion, which at Indianapolis contains lime 
and soda ash, are so adjusted that the 
necessary amount of chemicals, required 
for the proper softening, are pumped into 
the raw water. The chemicals meet the 
raw water in the pipe connecting the mo- 
tor to the mixing drum and flow together 
into the same, where the water is agitated 
for about minute before flowing 
through the pipe to the bell in the settling 
tank. Under the lower edge of the bell, 
the water passes into the settling tank, 
where it rises to the top and flows to the 
storage tanks through the overflow pipe. 

The thorough mixing of the water and 
chemicals, under hastens the 
chemical action so that it is completed be- 


one 


pressure, 


fore leaving the bell; this also crowds to- 
gether the precipitate in a more compact 
form, resulting in a quick and more com- 
plete clarification. 

A system of pipes is located in the bot- 
tom of the settling tank and connected to 
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for 
inlet 
pipe are connected with a by-pass pipe, 
the which 
water can be let directly-into the settling 
tank, for stirring up the sludge, or, when 


the the 


sludge. 


waste discharge removing 


The raw-water and sludge 


having necessary valves, by 


necessary, to make any repairs to the ma- 
chinery. 
The 


ters, as it was thought that the settling of 


softener is not supplied with fil 


the precipitate would be complete; but the 


pipe, shown to the right in the settling 


tank, and floor space in the building are 


Overflow 
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Exhibit of Safety Devices 


At a luncheon meeting of the Engineers’ 


Club, on May 25, Dr. W. H. Tolman, di 
rector of the American Museum of Safety 
Devices, which has been holding an ex 
position at the rooms, 231 West 30th 
street, New York, announced that the ex 
position was a working model for a: pet 
manent museum; that some of the mori 


important exhibits had been donated to it, 
and that an educational committee, which 
Potter (chairman } 


includes — Bishop 


Lime 
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ae 
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PLAN AND 


provided, so that sand filters can be put 
in if so desired. 
The softener having all machinery on 
the ground, and being of few parts and 
simple design, requires little work for the 
operation and maintenance, and has given 


a most satisfactory result during the eight, 


months it has been in operation. 





Early in the morning of May 9, two of 
nine boilers in the W. C. 
Company’s mill at Collins, Miss., exploded, 
killing two firemen who were on watch. 


Wood Lumber 





ELEVATION 


L_ al 


FILTER 





OF 


and Cardinal Gibbons, has been organized. 
Gold 
position as follows: 


medals were awarded at the ex- 


The Scientific Amer- 
ican medal for the most meritorious in 
vention in transportation, to the Rich Ma- 
Detecting and 
the 


pany medal for the best invention in mines 


rine Fire Extinguishing 


System; Travelers Insurance Com- 
and mining, to the Draeger Oxygen Ap- 
H. Richards 
medal for motor vehicles, land or water, 
to the Safety Naphtha 
Container Company. 


paratus Company; the F. 


Non-Explosive 


Inquiries 


Questions are not answered unless they are 
of general interest and are accompanied by 
the name and address of the inquirer. 








Allowable Initial Pressure on Cylinder 


Walls 
In our engine the walls of the cylinder 
are I inch thick and the tensile strength 
18,000 pounds. What would be the high- 
est initial pressure the 
walls of the cylinder? 


permissible on 


S. M. G. 

The allowable initial pressure on an 
engine cylinder does not depend upon the 
thickness of the cylinder wall, but upon 
the which that would 
turn up in other parts of the engine. If 
you carried as much pressure as would be 
safe, so far as the thickness of the cylin- 


stresses pressure 


der is concerned, you would have all sorts 
of trouble with your guides and bearings. 
Safe Pressure 

What pressure would be safe to use in 
cylinder 36 inches in diameter and 7-inch 
thick ? 

W. G. 

You do not state what material the 
36-inch cylinder is made of. The strength 
of a cylinder is expressed in this way: 


Thickness X strength X 2 
diameter 


Cast iron has a strength of about 14,000 
pounds per square inch. Your cylinder 
is 7% of an inch thick. Now putting the 
figures in the formula, you will have: 


% X 14,000 X 2 
36 





= 680.5 ; 


that is, 680.5 pounds is the bursting pres- 
sure of your cylinder. The safe working 
pressure would be 1/6 of this, or about 
113 pounds. 


To Prevent Leak in 

The exhaust valve-stem of my Buckeye 
engine drips water continually, and I am 
unable to stop it. 


Valve-stem 


Can you give me any 
suggestion as to packing that will help 
me? The valve-stem is in perfect, con- 
«<lition. 
i By 

The feed-stems, having to pass through 
the main valve-stem, must necessarily be 
rather small, and as they have the full 
steam pressure upon them, it is somewhat 
difficult to pack them tightly without 
making them so stiff as to interfere with 
In fact, the 
makers of the engine do not advise pack- 
ing these stems so tightly that they will 
not drip water, and all the engines turned 


the action of the governor. 


out at present are provided with a small 


cast-iron pan to catch this drip. Candle 
wicking is as good as anything, but must 
not be allowed to stay in long enough to 
become hard. It is only a few minutes’ 
work to pack these stems, and it requires 
only a small amount of packing, and by 
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giving them attention about once a week 
they can be kept in good running con- 
dition. 


Collapsing Pressure of Fire-box 
Herewith is a sketch of a vertical boiler. 
I wish to know how to figure the col- 
lapsing pressure of the fire-box, using 7%- 
inch stay-bolts; also, what pitch to give 
the the vertical 
11/16-inch rivets. 


rivets on seam, using 


C.. .B..R. 
In calculating the strength of cylindrica! 
furnaces supported by stay-bolts, it is cus- 


Outside Shell Triple 
Riveted. 
Inner Pitch 3. 
~ Outside Pitch 7. 
i’ Steel Rivets,3; Holes. 
Joint, 89%. 
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T.S. 
50,000 Lbs. 
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COLLAPSING 





DATA FROM WHICH TO FIGURE 


PRESSURE 


tomary to assume that the surface is flat; 
that is, the tendency of the form to lend 
strength to the construction is ignored. 
With a specified size of bolt the first step 
is to find how many square inches of sur- 
face one bolt will support at the given 
pressure (125 pounds). Standard stay- 
bolts up to 14-inch and larger are cut 12 
threads per inch, and it is practically cor- 
rect to assume that the depth of thread is 
the same as given by the United States 
Standard for that pitch, viz, 0.05425 inch, 
although this is not strictly correct, as the 
usual stay-bolt thread varies ‘slightly from 
this standard. Using %-inch bolts we 
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could have an effective 

square inch per bolt. 
The working stress 


area 


of 0.4614 
allowed in stay- 
bolts varies, according to different authori- 
ties, from 6000 to 10,000 per 
square inch, the most generally accepted 
figure being 7500, and on this basis a 7%- 
inch stay would support 3460 pounds, or 
at a pressure of 125 pounds per square 


pounds 


inch it would be capable of supporting 


surface, or the bolts 
y 27.6 , or about 
Of course, to be strictly 
the bolt 
itself should be added to the 27.6 inches 
before extracting the square root to get 
the pitch, for the pressure does not act 
on this area; this is, however, never done 
in practice. 

The surface to be the 
problem is 2 feet 6% diam- 
eter, or 94.64 inches in circumference, and 
the approximate hight or distance be- 
tween the the leg ring and 
crown sheet is 24 inches, and with the 
spacing given above it would be necessary 
to have 18 vertical rows of stays contain- 
ing four stays each. 


square inches of 


could be spaced 
54x54 inches. 
correct, the area occupied by 


supported in 
inches in 


rivets on 


There is another feature to be consid- 
ered in the staying of sheets that affects 
the strength, and that is the stresses in 
the Unwin de- 
rived a formula for the maximum stress 
in flat sheets supported at regular inter- 
vals, the supported points forming squares. 
This formula is 


sheets themselves. has 


oft 
2p 


in which a is a side of a square, f the 
stress per square inch in the sheet, ¢ the 
thickness of the sheet in inches and Pp the 
pressure per square inch on the supported 
Substituting present values in 
this formula and assuming a maximum 
working stress in the sheet of 7500 pounds 
per square inch, we would have: 


surface. 








= 5-£3, 


a = . | 2% 7990 0.8:25 X o8885 
2X 125 


or 5% inches, which is slightly less than 
the pitch determined by the strength of 
the stay-bolt; we should therefore modify 
our first lay-out, making 19 vertical rows 
of stays. with four stays in each row, or 
the pitch would be about 5x4.8 inches. 
As for the pitching of the rivets on the 
vertical seam, it is found in practice that 
the lapping together of the plate at this 
point stiffens the sheet so that strength 
of the joint is not a very important fac- 
tor in the case, and this joint is generally 
designed to be least affected by the heat, 
i.e., single-riveted, and of the best pro- 
portions to insure tightness, which would 
be a pitch of about 2% inches if 5/16-inch 
plate and 11/16-inch rivets are used. 
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Book Reviews 


Steam Ecectric Power PLants. A Prac- 
tical Treatise on the Design of Cen- 
tral Light and Power Stations and 
Their Economical Construction and 
Operation. By Frank Koester. Pub- 
lished by D. Van Nostrand Company, 
New York, 1908. Cloth; 455 pages, 
%x10% inches. Price, $5. 

This work is compiled from the ex- 
perience of the author, who has been em- 
ployed in the designing and erecting of 
power plants in the United States and 
Europe, in capacities ranging from 100 
kilowatts to 60,000 kilowatts. Perhaps it 
would be too much to say that the work 
covers the entire field of central-station 
design and equipment, but it would be 
difficult to mention any detail that is not 
touched upon and its relation to other de- 
tails discussed in some one of the eleven 
chapters into which the work is divided. 
Reproductions of photographs and origi- 
nal drawings are used profusely, but with 
every evidence of the exercise of mature 
judgment. 

Criticism of the design of power-plant 
machinery, such as boilers and_ stokers, 
pumps and heaters, engines and turbines, 
generators and switchboards, has been 
avoided, the work dealing more with the 
assembling of available apparatus into a 
consistent and efficient station than with 
the details of the thus brought 
together. The first eight pages are given 
to general remarks upon the cost and 
efficiency of plants, and include 
showing the comparative costs of turbine 
and engine with 
tions as to the selection of auxiliary ma- 
chinery. The next 
the discussion of location and general lay- 
out of plants, coal-storage and coal-hand- 
ling apparatus, condensing water and tun- 
nels for it. 
coal handling and storage, both American 
and foreign, are shown. 

A chapter is given to buildings which, 
beginning with the selection of the proper 
site, takes up every item in the construc- 
tion of a modern power plant; excava- 
tion, foundation, piling, concrete, building 
material, structural iron work, etc. Illus- 
trations of numerous modern plants are 
given, ranging in architectural style from 
some of the rectangular 
American structures to the central heat 
ing and lighting plant of Dresden, which 
looks more like a cathedral than a matter- 
of-fact power plant. 

In the discussion of boilers, with the 
exception of one case of combined Lan- 
cashire and return-tubular boiler, no men- 
tion is made of any but the water-tube 
type. Considerable space is given to coal, 
combustion, superheat and draft, with 
tables of data. The question of piping. 
both high-pressure and low, is treated 
almost exhaustively, and illustrations from 
several systems are given, such as the sin- 


factors 


tables 


stations, recommenda- 


section is devoted to 


Several successful systems of 


soap-box-like 
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gle-header, double-header, single-ring and 
three-ring systems. 

About 50 pages are given over to the 
subject of prime movers, in which engines 
of various types, turbines, both impulse 
and jet, 
and barometric — pumping machinery of 
all and 
with necessary tanks, filters, pumps and 
There 
are chapters devoted to electrical equip- 


reaction, condensers — surface, 


classes, water oiling systems, 


piping, are thoroughly treated of. 


ment, designs of small power plants in 
general and in detail, and power-plant 
testing. In chapter X will be found a de- 
scriptive discussion of several light and 
power plants located in Chicago, Paris, 
London, New York and Vienna. 
Principal dimensions, data, illustrations 
of recently constructed plants in Berlin, 
Washington, Milwaukee, Quincy, Mass., 
and many other cities, both American and 
foreign, chapter XI, 
which, with the appendix, completes the 


are described in 
The appendix contains tables of 
and translated from 
the metric into the English system, tables 


work. 

weights measures 
of specific gravity, tables of decimals of 
a foot equivalent to inches and fractions 
of an inch, and decimal inches and milli- 
meters equivalent to fractions of an inch. 
There is index. The 
work will be a valuable addition to the 


also a complete 
library of the designing, the consulting 
and the advanced operating engineer. 


STATIONARY ENGINEERING. By Joseph D. 
Branch. Three volumes, third edi- 
tion. Published by Rand, McNally 
& Company, Chicago and New York; 
1908. Cloth; 1057 pages, 
inches. Price, $7. 


5x7)2 


This work is from the pen of a prolific 
compiler of steam and electrical works, 
and is the reproduction of a former issue 
which appeared in a single volume. It 
will be valuable to the young engineer or 
fireman who wishes a comprehensive view 
of the will 
hardly be read by the advanced engineer 


steam-engineering field, but 
or technical student. While the pages are 
full of general statements, concise rules 
for the guidance of one desiring to com- 
pute the strength of boiler 
and like problems 
spicuous by their absence. 


seams or 


braces are 
One illustra- 
tion, that of a water-tube boiler in pro- 
form 


abandoned 


con- 


cess of erection, shows a of con- 
struction that 
years ago by the company making this 
form of boiler. Believing that descrip- 
tions of apparatus convey less informa- 
ton than illustrations, the author 
electros profusely. Upward of 1000 ques- 
tions that have been used at various times 
by examiners of engineers appear in dif- 
ferent parts of the book—with correct 
answers. 

Vol. I is given over to boilers and their 
attachments, and has 126 illustrations. 


was several 


uses 


Vol. II, with 122 illustrations, deals with 
steam engines, heating and electricity and 
contains much information not liable to 
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be obtained from other sources. 


stance, on page 99 this appears: 

“As steam expands 1669 times in vol- 
ume under atmospheric pressure, that is, 
one cubic inch of 


For in- 


water will make- 
cubic foot of steam, the enormous power 


one 


of the steam engine which utilizes this 
priceless property of steam can be seen.” 

This statement, if true, is as remarkable 
as the English in which it is written, ot 
the mathematical process by which 166) 
cubic inches are made to equal one cubis 
foot. 

Vol. III, with 169 illustrations, treats of 
inechanical refrigeration, elevators, indi 
and steam turbines 

In looking the work 
reminded of Roper by the style, use of 


cators, license laws 


over one is 
cuts of obsolete machines, and the system 
or lack of system of review questions on 
Under the head of 
“The area of an indicator 
(1) By 
dividing the diagram into sections, and, 
This 


might under some circumstances be con 


preceding chapters. 
Areas it says: 
card can be found in two ways: 


(2) by the use of a planimeter.” 
sidered rather meager information for a 


for 
finding the mean effective pressure shown 


young engineer seeking directions 


by an indicator diagram. 
carried to the limit. Vols. | 
separately indexed and Vol 


Indexing is 
and Il 
Ill 


indexes for all three volumes. 


afe 
contains 





Books Received 


“Peat.” 
the State 
Michigan. 


By C. A. Davis. 
Board of 


Published by 
Geological Survey, 
Cloth; 395 pages, 6x9 inches ; 
illustrated; maps; indexed. 


Construction and 
By Henry J. Long 
mans, Green & Co., New York. Cloth; 601 
pages, 54%x8™% inches; 1400 illustrations ; 
86 tables; indexed. Price, $3.50. 


“Machine Design, 


Drawing.” Spooner. 


“Five Years’ Questions and Answers.” 
Published by the National Association of 


Stationary Engineers, Chicago, Ill. Vol 
umes I and II, inclusive. Cloth; 340 


pages, 534x9 inches; illustrated; indexed 
Price, $2 and $1.50 to members. 

“Motor Troubles.” By E. B. Raymond 
Hill New York 
Cloth; 197 pages, 434x634 inches; 73 illus 
trations; indexed. Price, $1.50. 


Publishing Company, 





American Index of 
Manufacturers” is the title of a handy 
book, of fifty-five 5'%x8-inch 
pages, published by Munn & Company 
from the Scientific American office, 361 
Broadway, New York city. It contains 
the names and addresses, duly classified, 


“The Scientific 


reference 


whose adver- 
tisements have appeared in the Scientific 
American publications during the past 
It costs a quarter only—a 
very small sum, comparatively, when its 
value to buyer and seller is considered. 


of leading manufacturers, 


sixty years. 





Business Items 


The New York offices of the C. Hi. 
Wheeler Manufacturing Company have been 
moved to the Engineering building, 114-118 
Liberty street. Charles Lang is the 
pany’s representative 


The New York office of the Tloppes Manu 


con- 


facturing Company, in charge of C. E. Ware, 
has recently been removed from the Iave 


meyer building, to new quarters in the Singer 
building, 149 Broadway. 

The New York office of the Fort Wayne 
Electric Works, formerly located at 40 New 
street, has been removed to the Cortlandt 
building, 30 Church street, and, will occupy 
a part of the fifteenth floor. 

William Batagwanath & Son, of Chicago, 
have established an office at Charlotte, N. C., 
and have appointed Thomas B. Whitted, man- 


ager, who will look after the sales of their 
product in the southeastern States. 


A 5-ton %-motor electric steel derrick of 
75-foot radius and 60-foot lift, has just been 
installed at the plant of the St. Louis Basket 
and Box Company, St. Louis, Mo. The der- 
rick was manufactured and installed by the 
Northern Engineering Works, Detroit, Mich. 

If. L. Wells, formerly advertising writer 
for the Allis-Chalmers Company. and more 
recently publicity manager of the Power and 


Mining Machinery Company, has opened an 
office in Chicago at 1205 Monadnock block, 
for the general practice of technical or 


trade-journal advertising, and is ready to 
undertake work of any kind in the field of 
publicity for non-competing manufacturers of 
machinery and allied products. 





New Equipment 


City of Camden (Ark.) will construct 
water works. 

The Gainesville (Texas) Ice Company will 
rebuild its plant recently burned. 

City of Sylvester (Ga.) will establish 
water works. C. W. Ilillhouse, mayor. 

The Western Board and Paper Company, 


Kalamazoo, Mich., is building a new mill. 

Ek. B. Bucher, Martintown, Wis., is consid- 
ering plans for the installation of an electrie 
plant. 


The Kokomo (Ind.) Steel Wire Company 
will, it is stated, install a 490-horse-power 
engine. 


The Newark (Del.) Electric Company pro- 
poses to build a hydro electric plant at Cow- 
entown, Md. 

The city of Goldsboro, N. C., will expend 
about $10,000 to enlarge municipal electrie- 
light plant. 

The Brookville, Ind., are con- 
sidering the question of a municipal electrie- 
light plant. 


citizens of 


The town of Pepperell, Mass., has voted to 


spend $120,000 for the installation of a 
water system. 
The plant of the Pembroke (Me.) Light 


and Power Company was destroyed by fire. 
Loss $10,000. 

The power plant at the mill of the W. H. 
White Company, Boyne City, Mich., was de- 
stroyed by fire. 

Swanson & Peterson, owners of the Western 
Hotel, Eureka, Cal., are planning to install 
an electric plant. 

Improvements at the ‘State Insane Asvlum, 


Reno, Nev., will inelude a power plant and 
cold-storage plant. 
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of an electric- 
light plant, are being made by the Cascade 


Plans for the construction 


(Colo.) Town Company. 

It is reported that a cold-storage building 
will be erected for the Cuddy Cheese Com- 
pany, Sheboygan, Wis. 

The Barre Wool Combing 
of South Barre, Mass., has 
an electrical power plant. 


Company, Ltd., 
made plans for 


The Clearfield (Penn.) Heat, Light and 
Power Company, a new concern, will con- 
struct a plant this summer. 

The West Point (Ga.) Manufacturing 


Company is constructing a water-power elec 
trical plant at Langdale, Ala. 

Plans are being made to rebuild the muni- 
cipal electric-light plant at Orion, Ill., which 
was recently destroyed by fire. 

The Hartford City Lighting Company, Hart- 
ford, Ind., is contemplating changes 
and improvements to its plant. 


The Chilton Electric Light Company, 
Goliad, Texas, will establish an electric-light 


some 


plant. L. W. Chilton, manager. 
The Minneapolis (Minn.) Gas Light Com- 
pany will, it is stated, construct a new gas 


plant at a cost of about $750,000. 


install an 
and 


The City of Canton, Ga., will 
electric-light plant, sewerage system 
water works at a cost of $380,000. 





Help Wanted 


Advertisements under this 
serted for 25 cents per line 


head are in 
About six words 


make a. line. 
WANTED—tThoroughly competent packing 
salesmen. Box S81, Powek. 
WANTED—Thoroughly competent steam 
specialty salesman; one that can sell high- 
grade goods. Address “M. M. Co.,” POWER 
AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 


Martin Grate Co., 281 Dearborn St., Chicago. 

RELIABLE AGENTS wanted to sell our 
grate bars, attractive proposition. Cyclone 
Grate Bar Cos, 827 White Bidg.. Buffalo, N. Y. 

WANTED—Salesman on commission for 
high grade power specialties. Address, stating 
experience, Chas. T. Luce Co., 160 Congress 
St., Boston, Mass. 

WANTED—Chief engineer for paper mill; 
must get good results: 3000 h.p.: give age, 
experience in detail, salary expected.  <Ad- 
dress “Rope,” Power. 

WANTED—Shift engineer for 2000-h.p. 
Want; $3.00 per 12-hour shift; state age and 
experience ; married man preferred. Address 
G. L. Fales, Chief Engineer, Tennessee Copper 
Company, Copperhill, Tenn. 

WANTED—An engineer of 





ability and 


practical experience, to take charge of an 
electric light plant in central New Jersey; 
salary $75 per month. For further partie- 


ulars address P. O. Box No. 724, Dover, N. J. 
_ WANTED—Capable man of executive abil- 
ity with practical knowledge of technical 
matters pertaining to boilers and machinery ; 
must be able to supervise small shops and 
handle technical and business correspond- 
ence. Address Box 96, Power. 

WANTED—An __ experienced 


\ engineer: a 
practical man who 


understands thoroughly 


management, care and operation of steam 
boilers and engines, electrical equipment, 
steam and power pumping machinery, and 


piping of all kinds, and capable of filling the 
position of engineer in charge of entire me- 
chanical equipment of a large plant. <Ad- 
dress application to P. O. Box No. 893, Cin- 
cinnati, Ohio. 


Situations Wanted 


Advertisements under this 
serted for 25 cents per line. 
make a line. 

ENGINEER WANTS 
or electrical. 
land, Neb. 


head are in- 
About six words 


position, 


steam, gas 
Write to A. % 


Lykke, Grand Is- 


WANTED—Position as helper in_ boiler 
house; experienced at pipe fitting, boiler re- 
— tending, pumping, oiling, ete. Box 95 
"OWER. , 





June 2, 1908. 


YOUNG SALESMAN wishes to go to Seat- 
tle or vieinity ; would like agency for several 
concerns or one first-class one. Familiar with 
power plant machinery. Box 94, Power. 

ENGINEER will pay $50.00 commission to 
anyone who secures or helps him secure a 
position as engineer, assistant engineer or 
station man in Rocky mountains or West. 
Box 82, POWER. 

WANTED—Position as chief engineer of 
street railway or manufacturing plant. 
Twenty-five years’ experience with boilers and 


engines. a.c. and d.c. generators. Can give 
results. Box 92, POWER. 


POSITION as assistant engineer in a power 


plant. Experience with both Corliss and slide 
valve engines and d.c. generators and_bat- 
teries. Am a graduate of the I. C. S. of 


Scranton. Pa. Can give references. Address 
Box 43, Bridgeport, Ontario, Can. 

AN ELECTRICAL and steam engineer of 
nine years’ experience is open for a position; 
familiar with all kinds of engines, boilers. 
ete., and hold chief engineers’ license; can 
handle any plant in d.c. or a.c. single and 
polyphase systems; married, and have No. 
1 references. Box 93, POWER. 

A PRACTICAL mechanic and 
wishes situation with some firm v 
take up the question of mechanical stoking 
or mechanical grates; the advertiser has 
been experimenting on his own account in 
addition to having experience with others and 


draftsman 
who will 


is now able to produce a simple and prac- 
tical machine in every detail. Box 97, 
POWER. 

POSITION WANTED by electrician and 
steam turbine engineer: American, age 30: 
speak Spanish: five years’ experience = in 
armature and testing department General 


Electric Company: two years in charge of 
railway and light plant, and high voltage in 
stallation: last three years and at present 
road foreman on Curtis turbine erection. Ad- 


dress S. B., 34 Catherine St., Schenectady, 
Miscellaneous 
Advertisements under this head are in- 


serted for 25 cents per line. About six words 


make a line. 

IF YOU DESIRE to learn the latest im- 
provement in steam boilers, correspond with 
the Detroit Water Tube Boiler Co., Detroit. 

ENGINES AND BOILERS. % to 2 hop. 


engine castings in sets. Models and general 
machine work. Sipp Electric and Machine 


Co., Paterson, N. J. Catalog 4c. 

ALL PRACTICAL ENGINEERS should ap- 
ply to Wm. O. Webber, Consulting Engineer. 
432 Exchange Bldg., Boston, for information 
concerning tables on all engineering subjects. 

PATENTS—H. W. T. Jenner, patent = at- 
torney and mechanical expert, 608 F St., 
Washington, I). C. I make free examination 
and report if patent can be had, and exact 
cost. 

ENGINEERS AND FIREMEN—Send 10 
cents in stamps for a 40-page pamphlet con- 
taining a list of questions asked by an ex- 
amining board of engineers. Stromberg Pub- 
lishing Co., 2703 Cass Avenue, St. Louis, Mo. 

A NEW MECHANICAL STOKER. Leslie 
Dunn, McKinley Ave., Kast Orange, N. J., in 
ventor of the oscillating mechanical stoker 
wants to meet a party to take over half 
share and place stoker on American market. 
Box 98, POWER. 

ENGINEERS, firemen. electricians, ma- 
chinists, ete. New 25-page pamphlet contain 
ing questions asked by the examining boards 





sent free upon request. Geo. A. Zeller Book 
Co., 4468 W. Belle Place, St. Louis, Mo. Es 


tablished 1870. 


For Sale 


Advertisements under this 
serted for 25 cents per line. 


head are in- 
About six words 


make a line. 

FOR SALE—20x48 Wheelock engine and 
two 72”x18’ high pressure tubular boilers in 
good condition cheap. Address “Engineer,” 
Box 2, Station A, Cincinnati, Ohio. 

FOR SALE—The patent rights of one of 


the best steam traps and oil filters manufac- 
tured. A bargain if sold quickly. Parties 
reason for selling being the desire to retire 
from business. Box 85, Power. 

_ FOR SALE—One engine frame, guide sec- 
tion. shaft. crank and complete governor for 
16x36 left-hand Allis Corliss engine, all in 
good condition. Address New Prague Flour- 
ing Mill Co., New Prague. Minn. 

FOR SALE—Several three-pint single-feed 
and one-gallon triple-feed. old stvle Rochester 
automatic lubricators: some strictly new. 
remainder used but a short time. Not avail- 
able for our conditions. For particulars. ad- 
dress The Solvay Process Co.. Svracuse. N.Y. 
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Silence is Golden 
When the work goes right on as it does with 
New Process Raw Hide Gears. WRITE. 


New Process Raw Hide Company 
Syracuse, New York 












WHAT! NO INDICATOR ? 


Don’t youknow that I can 

give you a fine up-to-date 

outfit, new, from $25.00 

up, and thatI will let you 

pay @ part ofit acting as — 

my agentin your spare 

time ? 

I will give youa thorough course Extra \ in. Area Cyl. for 
of indicator instruction with 4 Ammonia, Gas Engine 

it |) fine indicator to practice with for and high pressure work. 
wi bE ) $5.00 per mo. Catalog ? 


A. C. LIPPINCOTT, Newark, N. |. 


















THE BRISTOL COMPANY 


Manufacturers of 


BRISTOL’S RECORDERS 


For Pressure, Temperature and Electricity, also 


Wm. H. Bristol 


ELECTRIC PYROMETERS AND 
FRICTIONLESS RECORDERS 














The Bristol Company, 
Waterbury, Conn. 
New York 





Chicago 














OUR ROOF 
IS ROTTING 


simply because your exhaust 
is causing a drizzle of water and oil. Stop 
it with a Simonds Exhaust Head. 


WRITE 
Simonds Heating & Specialty Co. 
105 WASHINGTON AVE., DETROIT, MICH. 


Makers of Simonds Steam Receiver and Separator and Simonds 
Vacuum Steam Heating System. 


















Optimism 


and 































Bar Belt Dressing 
Make ‘‘ the wheels go ’round ”’ 
Best for the money and best 

for you. 
We have a FREE Sample 
for you to prove it. 


This is the day to write us 
for it. 






RED LABEL FOR LEATHER BELTS. 
GREEN LABEL FOR CANVAS OR RUBBER BELTS. 





Of Dealers everywhere or 


Stephenson Mfg. Co., Albany,N. Y. 


Agents for England, J. B. Stone & Co., Finsbury Pavement, London 














991 


MAY WE 
SEND YOU 
A COPY? 


Bulletin No. 3355 (Just issued) is DIFFERENT—full of 
interesting facts and WORTH READING. 

It describes in detail the Best Engine Driven Generator 
ever offered—the New Northern TYPE L. 


NORTHERN ELECTRICAL MFG. CO., 


Standard and Special Electrical Machinery. 




















MADISON, WISCONSIN, 














THE MASON REDUCING VALVE, 


which is easily adjusted with a key preserves any de- 
sired reduced pressure of air, steam or water, regard - 
less of the initial pressure. CATALOG ? 


The Mason Regulator Co., Boston, Mass. 











Taylor's Spiral Riveted Steel Pressure Pipe. 


Best steeh pipe made for Hydraulic Purposes, 3 to 40 inches diameter. 


TAVTARS SETAE PRIVETED PIPE 





Furnished with improved forged steel flanges or our steel bolted joints. 


American Spiral Pipe Works, Main Office and Works: Chicago, Tl. 


Eastern Office: 50 Church St., New York. 








FOR SALE touses °°" 


50 CTS. PER STICK, $5.00 PER DOZEN 
GALES — 

COWMUTATOR COMPOUND. 

It is the only article that will prevent sparking. Will keep 


the Commutator in good condition and prevent cutting. 
Absolutely will not gum the brushes. 


It will put that high gloss on the Commutator you have so 
long sought. 


K. McLennan & Co., Sole Manufacturers 
411-130 Dearborn St., Chicago, III. 
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POWER AND THE ENGINEER 





Plant of the Onondaga County Court House 


General Description of the Power House and Contents, Heating and 
Ventilating Apparatus, Elevators and Generating Equipment 
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The Onondaga county court house, 
Syracuse, N. Y., which was opened dur 
ing the early part of 1907, is thought to 
be one of the finest public buildings in 
this country, representing an investment 
of more than $1,600,000. The building is 
heated by the direct system of radiation, 
ventilated by forced, warmed-air distri 
bution, lighted by electricity and provided 
with hydraulic elevators. 


LEO 


Ls 


engine room is located under the offices 
of the jail, in the front part of that build- 
ing, and the boiler room is located under 
the rear of the building. The coal room, 
under the jail yard, holds 800 tons of coal. 
These two rooms, excluding the coal 
room, occupy the whole ground area of 
the building, and the remaining area of 
the plot is covered by a yard, into which 


coal are hauled and the coal 


wagons 
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platform scale in the boiler room is used 
for weighing the coal as it is wheeled 
to the boilers, and an ash hoist at om 
end of the firing room delivers to the 
yard above, which is surrounded by a 
high stone wall. This hoist is of the 
hydraulic type with direct-acting plunge: 


‘It receives its water supply from the ele 


tanks in the basement ot 


court house. 


vator-pressure 
the 














VIEW 


Power HousE 

(he power plant, located in the base- 
ment of the jail building across the street 
from the court house and shown in the 
view on page 8go, is connected with the 
main building by means of an underground 
tunnel, 96 feet long, 10 feet deep and & 
feet wide. This building plot has the 
general dimension of 105x91 feet, and a 
ground floor area of 5620 square feet. The 
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PUMPS, ONONDAGA COUNTY 


dumped directly through holes into 
coal storage. 

Including the coal room, the boiler 
is large and well the 
boilers extending lengthwise of the room 
and facing the coal storage, the floor of 
which is on a level with the floor of the 
boiler room, while its ceiling, of brick 
construction, 


is 12 feet in hight \ 


room arranged, 


arch and concrete support 


ine the vard above, 


the 
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the building, the 
smoke-stack is a radial chimney 125 feet 
high, 5 feet inside diameter and, like th« 
building proper, is made of yellow pressed 
brick. The smoke breeching conducts the 
gases boiler to the 
chimney, and each breeching has a cross 
sectional area of 6 square feet 
Chimney controlled by 
Spencer damper for 


Located outside of 


directly from each 


the 
each 


Graft is 


regulator—one 
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pair of boilers. Buckwheat coal of about 
14,900 B.t.u. per pound of combustible is 
used, and approximately 6 tons of coal 
per day are consumed, while about 8.5 
pounds of water from and at 212 degrees 
Fahrenheit are avaporated per pound of 
coal. The blow-off drain delivers to a 
receiving tank, located back of the boil- 
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ers, and cools the water before it reaches 
the sewer. 


BoILErs 


There are four 125-horse-power Heine 
water-tube bcilers. Each boiler has 1400 
square feet of heating surface, 77 tubes 
3% inches in diameter, a steam drum 40 
inches in diameter and 16 feet long, and a 
Herrick shaker grate of 30 square feet 
surface, or about 1/47 of the heating sur- 
face of the boiler. Each battery has a 
brick setting. 


PIPING 


Beginning at the boilers, steam is car- 
ried through 5-inch leaders to an 8-inch 
header, which is suspended in front of 
the boilers and passes into and across the 
engine room. Steam for the engines is 
taken from the top of this header, passing 
first through separators and then to the 
cylinders. All condensation for the high- 
pressure steam piping is returned to the 
boilers through the Holly gravity-return 
system. 

A 7-inch main, connected with the 8- 
inch header between the two batteries of 
boilers, is carried over the boilers through 
the engine room and the tunnel to the 
basement of the court house. In the en- 
gine room, a 7-inch cross-connection is 
made between the two mains, thus pro- 
viding a duplicate system. At the end of 
the 7-inch main in the court house, a drip 
pocket catches the condensation formed 
during thee passage of the steam through 
the tunnel. From this main, steam is sup- 
plied to the elevator pumps through a 5- 
inch pipe, to an 8-inch, direct-heating 
main through a 5x8-inch reducing valve, 
and to a g-inch ventilating heater main 
through a 6xg-inch reducing valve. There 
is a by-pass with each reducing valve. 

Exhausts from the engines deliver to a 
10-inch main which rises to the ceiling 
near the front of the engine room and 
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branches. One branch is carried through 
the tunnel to the court house, where it 
connects with both heating mains. The 
valves are so arranged that either the ex- 
haust steam or live steam, or both, may 
be used for heating. The second branch 
of the exhaust pipe passes through the 
engine room and the boiler room, up the 
center of the chimney to about three- 
fourths the hight of the stack. 

When all the exhaust steam is not used 
for heating, a back-pressure valve near 
the chimney forces the steam under low 
pressure to pass through a 5-inch pipe to 
a dead-ended 300-horse-power Goubert 
vertical feed-water heater, while separa- 
tors are provided in the 10-inch exhaust 
main in the engine room and also in the 
6-inch exhaust main from the pumps in 
the court house. Expansion of the mains 
is provided for by means of sweep bends 
and swivel joints. 

In order to eliminate vibration from the 
offices above the plant, special devices are 
provided to support the mains. Two 
methods are used in the engine room. 
Where it is inconvenient to use any other 
method, the mains are clamped to pipe 
fittings resting on the floor. The other 
device used consists of a vertical tube 
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the floor of the court-house basement 
From here the condensation is carried 
through a 3-inch pipe to a receiving tank, 
containing a slight head of water and 
located in the boiler room. This head of 
water prevents the steam in the receiving 
tank from causing any trouble in the re- 
turn pipe. 
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STEAM PIPING AND ELECTRIC CONDUITS 
IN TUNNEL 


City water is carried into the receiving 
tank after it has passed through the feed- 
water heater. This tank is also connected 
with two 7'4x4%4x6-inch Deane return 





BOILER ROOM, 


containing a coil spring, on which rests a 
smaller tube which supports the main. 
Spring supports only are used in the 
boiler room. 

Condensation from the low-pressure 
piping in the court house and also from 
the heating coils and the radiators is 
forced by steam pressure into a Curtis 
water-line trap which is raised 3 feet’ from 


ONONDAGA PLANT 


pumps, and also with a Legg automatic 
pump regulator which starts and stops the 
pumps as the water-line in the tank rises 
above or falls below a given point. 


METHODS OF HEATING 
. Direct radiators heat the court house. 
and are placed in recesses in the wail 
under the windows; they are covered b} 
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metal grille-work flush with the wall, like 
the ventilating inlets and outlets. The 
temperature of each room is controlled 
automatically by means of Johnson ther- 


mostats, which are connected with the 
compressed-air supply to operate the 
diaphragm valves on the radiators. The 


jail is warmed by water which is heated 
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cording telethermometer located on the 

main switchboard in the engine room. 
Two 11x8-foot uptakes carry the air up 

opposite sides of the building. From 


these ducts, air is carried through con- 
cealed passages to grilled openings near 
the ceilings of the rooms on each floor. 
Throughout the building, there are auto- 
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in the engine room by passing either ex- 
haust steam or live steam through a coil 
located in a tank suspended near the 
ceiling. 


VENTILATION 


For ventilation, air taken from the 
inner court enters a large intake and 
passes through tempering coils, consist- 
ing of three groups of ordinary 1-inch by 
10-foot steel pipes. The respective groups 
are arranged in one-row, two-row and 
four-row sections, and represent about 
200 square feet of surface. Provision has 
been made for washing the air by means 
of water sprays, and for drying it after- 
ward to regulate the degree of humidity. 
The secondary coil has the same heating 
surface and is arranged in sections the 
same as the tempering coil. The system 
also includes a central receiving well and 
pump, by which the wash-water is circu- 
lated over and over again. 

In connection with the system, the 
blower is a special cone-shaped Sturte- 
vant fan 12 feet in diameter. It is driven 
by belt from a 35-horse-power motor at 
a speed of 180 revolutions per minute, 
and is calculated to deliver 40,000 cubic 
feet of air per minute. A telethermome- 


ter, located near the fan, governs a re- 
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matic dampers for regulating the circula- 
tion of air, and these are regulated from 
the motor-control board by means of 
compressed-air valves. 

Foul air is exhausted by four fans. Two 
of these, which are located in the garret 
and take air from the large rooms, are 10 
feet in diameter, 24 inches wide at the 
periphery, and are driven at 125 revolu- 
tions per minute by direct-connected, 10- 
horse-power motors. The other two fans, 
located in the basement, are 7 feet in 
diameter. They run at 160 revolutions 
per minute and are direct-connected with 
714-horse-power motors. 


ELEVATORS 


There are four steel elevators made by 
the Standard Plunger Elevator Company. 
Three of these carry passengers only, and 
each has a capacity of 3000 pounds. The 
fourth is a combination passenger and 
freight elevator with a capacity of 8000 
pounds. They are operated by lever and 
cable connection with the control valves 
in the basement. The plungers, 8% inches 
in diameter and 100 feet long, are lifted 
by water pressure at 150 pounds per 
square inch. The water is taken from 
two pressure tanks, 5 feet in diameter and 
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16 feet long, and is discharged into an 
open receiving tank, 8x8x15 feet. 

Water for the pressure tanks is sup- 
plied by two 12x18x8%x12-inch Dean 
duplex tandem-compound pumps, and an- 
other smaller, 14x5x1I2-inch pump, is di- 
rect-connected with the combination 
elevator, being operated only when an 
extra heavy load is carried by the ele- 
vator. 


GENERATING EQUIPMENT 

Equipment for generating current con- 
sists of four straight-line engines, direct- 
connected to four General Electric contin- 
uous-current, 110-volt generators. Two of 
the generators are each rated at 110 
kilowatts, and the engines driving them 
have cylinders 15x15 inches and a speed of 
260 revolutions per minute. The third 
engine drives a 75-kilowatt dynamo at a 
speed of 265 revolutions per minute, and 
has a cylinder 14x13 inches, while the 
fourth engine, 9x12 inches, operates a 35 
kilowatt generator at 300 revolutions per 
minute. 

All current is controlled from a special 
switchboard built by the Crouse-Hinds 
Company, and located at the front of the 
engine room. This is made of blue Ver- 
mont marble and is 24 feet long by 10 
feet high. It comprises 12 panels, four of 
which control the generators. .Three 
panels, including the total power panel, 
supply 46 kilowatts to a motor-control 
board in the basement of the court house. 

















































































































CONTROLLING 


ELE- 


METHOD OF 
VATORS 


SHOWING 


The remaining panels control the current 
supplied to each of four sub-panels 
located in each corner of the court-house 
basement. There is one set of bus-bars 
for both power and light, and each gen- 
erator switch has three poles, the third 
blade connecting with the equalizing bus- 
bar. The voltmeter is mounted on a 
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swinging arm at the end of the board and 
plugs are provided for connecting with 
the various generators. 

The lighting of the building is divided 
into four different sections. The light- 
ing panels on the main switchboard feed 
four mains which run to four distributing 
boards underneath the rising points in the 
basement of the court house, and from 
these the cables are continued to panel 
boxes on each floor. The lights are incan- 
descent and range from 10 to 75 candle- 
power, aggregating an equivalent of 6000 
16-candle-power lamps. 


s 
INITIAL Cost OF PLANT 


Something in regard to the costs of the 
main mechanical features of the installa- 
tion will undoubtedly be of interest and 
may be found in the following: 


Cost of Heine boilers 

Cost of two complete sets of Herrick 
BTALOB. 2... cccccccces coccccvccecsccccces 

Cost of heating and ventilating system 

Cost of piping system in power plant. 

Cost of straight-line engines and 
dynamos 

Cost of main switchboard 

Cost of all wiring, including conduits 


$ 8,175.00 


693.00 
43,007.00 
8,000.00 


14,811.00 
4,646.16 
34,054.55 


$113,386.71 
The building was designed by Archi- 
medes Russell, architect, Syracuse, N. Y., 
and constructed by Wells Brothers Com- 
pany, of New York City. The mechanical 
equipment was designed by Prof. F. H 
Woodbridge, of Boston, Mass. 


Total cost 





Crude Oil in Boilers 


By P. P. LatHam 


In my first practical experience of steam 
engineering I was employed as an oiler in 
a plant containing 13 return-tubular boil- 
ers, and a number of pumping engines. 

It is of the boilers that I wish to speak, 
as it was a part of my duty, and I might 
add the hardest part of it, to keep half of 
them cleaned. The feed-water was taken 
from the overflow of a jet condenser sup 
plied with water from a river that was 
quite muddy during times of high water, 
and at such times the boilers were found 
pretty dirty, after being run their allotted 
time of four weeks. We cleaned the boil 
ers by hand with ordinary tube scrapers, 
and a couple of chiseled bars for cleaning 
the heads, and usually took from 20 to 30 
pounds of scale from each boiler. 

We had no particular trouble keeping 
the tubes and shell free from scale, but it 
soon became clear to the chief through in- 
spection that the heads were not being 
thoroughly cleaned, and in fact contained 
enough scale to endanger their being 
burned, as well as the ends of the tubes. 

Well, we got busy on those heads and 
soon found out that we had a_ hard 
proposition. The scale had been accumu 
lating for so long a time that it had be- 
come very hard, so we went over the 
entire battery twice, giving each boiler a 
good amount of hard bone labor, and still 
they were not satisfactorily cleaned. From 
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past experience the chief then decided to 
use a good grade of Pennsylvania crude 
oil in the boilers, and this was done by 
pouring in each boiler about 2% gallons 
of oil before filling it with feed-water 
In this way the oil came in contact with 
the inside surface as the water rose to thy 
proper level. 

When the boilers were opened for clean 
ing the next time, the scale on the head 
was found to be much softer, and we had 
little trouble in removing all of it, while 
much of the scale on the tubes could bs 
washed off with the hose. 
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the boilers teceived 
more oil than they should have had, du 
to a leak between the water and oil lines 
and on each occasion a small space on thx 
upper part of each head was covered with 
a thin coating of grease, but it did no 
noticeable damage. 


oceasions a few of 





Is This the Oldest Engine ? 


lhe accompanying illustration shows 
what has been said to be the oldest steam 
engine in America. It was built by 





AN OLD ENGINE IN PHILADELPHIA 


This practice was kept up for a year, 
at the end of which time I left the plant 
During that time there was no complaint 
about dirty boilers when they had an ordi 
nary amount of attention and there was 
no repair work on any one of them. 

I have never seen any bad results, such 
as pitting or corroding, 
moderate amount of oil. 


from using a 


On one or two 


Thomas Holloway, in 1819, for Franci 
Perot, of Philadelphia, who in 1818 estab 
lished a malt house on Vine street, that 
city, where the engine was in constan 
operation until 1872, when it 
out to make room for a larger one. | 
to that time (1819) most of the mam 
facturing was done by horse power. Whe! 
the engine was put into operation peop! 


was take! 
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came from far and near to see it work 
After it was taken down it au 
object of curiosity in the yard of the 
Francis Perot’s Sons Malting Company, 
where it now is. 

There is not enough left of the engine, 
as seen in the photograph, to tell what 
it was like. One account states that “the 
piston connected directly with a crank 
upon a shaft placed on the floor above.” 
Another says that “the engine worked like 
a ferryboat engine,” ie., it had a beam 
The horse-power .was variously given as 
from 10 to 20. 


became 








Governing and the Regularity of 


Gas Engines 


In a paper read before the instituuon 
of Mechanical Engineers of Great Britain 
recently, James Atkinson complained of 
the unfairness of the remarks often heard 
as to the irregularity of gas engines, as 
though of necessity the gas engine must 
be less regular in running than the steam 
engine. True cyclical variations in the 
ordinary single-cylinder “Otto” engine 
might be greater than: in the ordinary 
steam engine, but the mean variation is 
usually considered better and gas engines 
with hit-and-miss regulation are 
enough for all such purposes as shop 
driving, pumping and other similar work, 
while for electric-light work ample steadi- 
ness can be obtained if a sufficiently heavy 
Hy-wheel is used. 


good 


He divides methods of 
governing into the two main divisions or 
classes of quality and quantity, the first or 
quality method consisting in varying the 
proportion of gas to air while the quan 
tity method preserves a uniform mixture 
hut varies the quantity of mixture ad 
mitted to the cylinder, this being effected 
either by throttling or by early closing; 
in either case the cylinder is filled at less 
than atmospheric pressure. The quality 
method is desirable when an engine has 
considerable weight of reciprocating parts 
attached to one connecting-rod, for the 
inertia effect must be cushioned so as to 
avoid shock or ignition. For reciprocating 
parts of less inertia either the quantity or 
the quality method may be employed as 
may seem desirable, for there will be am- 
ple compression to take up the inertia of 
an engine with one piston only on the rod 


HIT-AND-MISS GOVERNING ECONOMICAL 
The author stated that in his experience 
hit-and-miss governing had never been 
excelled for economy and had only been 
qualed on full load by very carefully ap- 
plied other methods. A very small gov- 
ror will control a large engine on the 
it-and-miss method, for very little work 
is to be done by the governor, but for 
vy large engines with big and heavy 
lves a knife edge is not a very suitable 
eans for opening and the hit-and-miss 
stem is not suitable. Some curves were 
en to show the performance rate 


with 
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hit-and-miss governing and as with the 
steam engine the curve of total fuel per 
hour per brake horse-power is practically 
a straight line, the consumptign of gas 
per brake falling from 
about 30 cubic feet to about 16 feet. 
In governing by quality the variation 
cannot be carried through too wide a 
range because either too rich or too poor 


a point is soon reached where the mixture 
‘ 


horse-power 


(1) (2) 
Excess and De- 
No, of Cylinders 
ing Effort. 





IG, Bia skens: conbde seis ennanecene 1.0 

ree 1.29 
Tandem, 2. 0.836 
Twin tandem, 4 0.129 
IN Mes. Kibo sss 0c knenabenewel 0.716 
ee eee rere errr 0.144 


is'so slow-burning as to burn throughout 
the whole exhaust stroke and may even 
fire the next incoming charge. The method 
is therefore unsuitable for engines work- 
ing over a full range of load, but it is very 
simple and is easily arranged for by means 
of throttle valves in both air and gas pas- 
sages. lyor less than half load hit-and- 
miss regulation is sometimes arranged to 
come into play in order to avoid the above 
troubles, but there is always the difficulty 
of using a knife edge for moving a heavy 
valve. 

For variable gas admission the author 
leans to the method of delayed gas admis- 
sion as very satisfactory for large engines. 

THROTTLING GOVERNING 
Throttling governing is almost  uni- 
versal on vertical high-speed engines as 
well as on many single-cylinder horizontal 
engines, the usual method being to throt- 
tle a uniform mixture into a pipe which 
serves aS a reservoir whence each cylin- 
der draws its charge, but there is risk of 
back-firing and imperfect subsequent ac- 
tion until the fouled charges have been 


drawn off. The Crossleys throttle the 
air and gas into separate reservoirs. 
lhe author pointed out that though 


throttling may be uneconomical at low 
load it is often the case that the producer 
must be kept going and it may be abso- 
lutely necessary to waste gas, so that 
after all the waste might as well go by 
way of: the cylinder as any other way. 
[his point is perhaps too often over- 
looked engineers who discard so- 
called uneconomical methods in order to 
secure an ideal economy which cannot be 
attained practically because of some such 
condition as that indicated, and many so- 
called economies are illusory and non- 
commercial. 


by 


For extremely regular run- 
ning more than one cylinder must be em- 
ployed and heavy fly-wheels. 
presents crank-pin 


The author 


movements for va- 








ficiency of Turn- 
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rious arrangements of cylinders and ordi- 
nary conditions for cylinders 18x24 
inches, assuming the same indicator dia 
gram for all cases, with a mean effective 
pressure of 88.2 pounds, compression to 
180 pounds and a mean compression 
pressure of 37.2 pounds, giving a mean 
forward pressure of pounds 
square inch. All were assumed to have 
fly-wheels of 601.2 foot-tons, or thirty 


125 per 


. 


(3) (4) (5) 
Angular Dis 
placement of 

Fly-wheel from 
Perfect Run- 

ning. Deg. 


Mean Pressure Speed Variation 
Corresponding _ Max. Min. 


to (2). Mean. 


- 1 
106.3 zs 1.8 
1 
{ 2.33 
138.0 38.5 
1 ™ 
88.6 0.75 
59.7 
1 
13.75 a5 0.06 
in 1 , 
76.17 69.5 0.42 
5.5 ». 
ae 338.3 oom 
impulses. The inertia effects were given 


and the figures in the accompanying table 
worked out. 





Lodge Night 


By Joun H. Ryan, Jr 


You should have been 
meeting. 


up to our last 
There was something doing all 
the time and an outsider would have been 
interested in the collision of words 
Charley Burns had on a new suit, and he 
recited a poem on the electric light, but it 
was moved and seconded that the poem 
be not spread on the association records 
until Charley incorporated in it something 
about “that tireless 
the electric meter. 
Brother Moran followed with an ora 
tion on “The Engineer and His Work.” 
He meant well, and in stentorian tone pro 
claimed : 


non-union worker,” 


“Today is the day of the engi 
his workshop is the universe and 
the story of his labors and achievement 


neer ; 


is told by the hum or thump of machinery 
and the light, heat and ventilation which 
make life worth living.” 

He got in a lot of this kind of stuff and 
described an engineer as “a mah who is 
supposed te do evervthing that any man 
does for another man’s money,” and who 
is being continually called upon to make 
up his mind about something that is of 
vital interest to his employer. 

In speaking of the progress that has 
been made in steam engineering, he said 
that the 
horse-power of 


steam used to 


for 


engine give a 
10 pounds of 
has been developed to the 


work 
coal, aid it 
present day where it gives a horse-power 
for 10 pounds of water, and in an excited 
manner with a pump-handle movement of 
his right arm he exclaimed: 
engine does it all.” Then he stopped to 
cough, and the next 
a life-like imitation of 


“The steam 


moment 


gave us 
an able bodied en 
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gineer vainly endeavoring to think on his 
feet. 

Brother Lynch jumped up and said: “I 
can’t agree with the last statement of 
Brother Moran, and, Mr. Chairman, I 
make you a motion that it does not pre- 
vail. I work in the Browning laundry, 
whose famous flexible finish is put on 
with the delectable Delsartian movement. 
I fire the iron heater and the boiler, 
I make the starch and run the washing 
machine, I furnish the power for the hand 
elevator and run the engine, and then he 
has the nerve to say that ‘the steam en- 
gine does all the work.’ In the old days 
it was considered a miracle if a jackass 
spoke, and now we call it a miracle when 
one of them remains quiet. I guess I 
had better sit down.” 


Jim Lane got up, was recognized by the 


chair, and said: “A speaker at our last 
meeting said that there was no fool like 
an old fool, and I agree with him. 

“More years ago than I care to tell of, I 
was a fireman in a central station, and 
the fuel was soft coal. J] burned it on the 
coking plan, that is, I piled a lot of green 
coal on the dead-plate and after a while 
I would level this coal over the furnace 
and put on another supply. I was a daisy 
hand with the slice-bar and spreader, and 
I considered myself the best fireman in 
Boston, my belief being based on my abil- 
ity to rush up the steam whenever it had 
dropped 15 or 20 pounds. I guess I'd 
have been a better fireman if the pressure 
had not taken so many of these sudden 
drops. 

“Along about this time the old chief 
was flagged and a rank outsider was ap- 
pointed to the position, instead of pro- 
moting one of the assistants. The new 
chief used to spend a lot of time in the 
engine-room doorway, watching us fire- 
men at work. At last he came down and 
said, ‘I’ve noticed the way you fellows 
handle the fires and I don’t like it a bit; 
I want you to manage the fires differently, 
and I think we shall find an improvement.’ 

“*Now,’ says he, ‘whenever the fires 
need coaling, vou cover one side of the 
fire all over instead of piling a lot of coal 
on the dead-plate on both sides, and when 
you coal the right-hand side first, I don’t 
want you to put any coal on the left-hand 
side for 15 minutes afterward.” Then 
he went away. 

“IT was on my ear in a minute; that 
wasn't the way I had been used to firing. 
When the license law came out I bought a 
book full of questions and answers, and 
one of the answers was to the effect that 
soft coal should be fired on the front of 
the grate and the smoke would be burned 
as it passed over the bright fire on the 
back part of the grates. I had long talks 
with the other men, in which IT freely ex- 
tolled my knowledge of the subject and 
the different ways that upstarts have of 
showing their authority. 

“I've found out since then that when 
the new chief was hired the manager told 
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him that they wanted a man with some 
originality, and who could figure out why 
results were not being obtained. And he 
was trying to do the best he could. If 
he had only had the good will and help 
of his crew at this time it would have 
been of the greatest benefit to him. In- 
stead of this, I, along with others, quickly 
developed some entirely new qualities, 
such as disobediefice and sullenness, and 
the new chief showed his appreciation of 
these new qualities of mine by giving me 
a permanent vacation. 

“He was all right as an engineer, and 
he knew how things should be done, but 
he was a total failure as a leader of men. 
He should have explained to me that my 
way of shoving back the coke, every time 
the steam dropped, or when I wanted to 
sit down for a half-hour, was all right in 
principle, but it was a principle that had 
no affinity for the average run of human 
nature; therefore, it must fail in ‘practice. 
Or if he had changed the fuel from soft 
coal to some small size of anthracite and 
allowed us only enough boilers to do the 
work, we would soon have learned the art 
of firing with the shovel or placing the 
coal in the furnace in proper amounts, in 
the right place and at the right time. 

“It took me a number of years to find 
out why he wanted us to cover the fires 
alternately, and all that time I was in 
blissful ignorance, thinking of him with 
contempt. He failed in his duty when he 
neglected to enlighten me in some round- 
about manner how my work should have 
been done, and he would have saved some 
other engineer the job of pounding some 
sense into me. 

“A new chief takes charge of a run- 
down plant and he finds that lost motion 
on the engines is taken up in the morning 
when everything is cold, instead of doing 
it when the engines are warm, say imme- 
diately after shutting down. Maybe he 
finds that the apparatus is wiped up any 
old time and that all the attention that is 
bestowed on the boiler room is 
oaths when the steam gets low. 

“An up-to-date man will change all 
this in a hurry, and he will have a lovely 
time doing it; when he changes things 
does he get any praise or approval from 
his men? Of course not; because things 
are better, they do not harmonize with our 
lack of elasticity and adaptability. If he 
should mention that he thought things 
were better, we would feel hurt and think 
that he was rubbing it in. 


a few 


“The chief, being in authority, can, in 
theory, do as he pleases; but let him put 
this into practice, and see how fast the 
cost accounts will run up without any ap- 
parent reason. It is a great deal better 
to suggest reforms and ideas and let the 
understrappers think that they are work- 
ing on their own responsibility. They will 
have a better opinion of the plant, them- 
selves and the chief. - 

“IT can give you the story of a plant that 
used to change chiefs pretty often. When 
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the plant was first started, the machinist 
who set up the engines staid to run the 
plant. He was a _ square-headed pirate 
who could not disapprove of any work 
of his assistants without insulting them; 
consequently, he lost the good will of all 
his men. He was thwarted at every turn; 
the assistants were the only ones who 
knew what was going on, and economy 
was unheard of. The superintendent no- 
ticed that the chief was losing control of 
the plant and used to give orders to the 
assistants. 

“After a while, they fired this fellow and 
got in Melcher. Melcher looked around 
to get acquainted and noticed the super 
around giving orders. He hurried over 
to the office and insisted that he should 
be given supreme control and that any 
orders or complaints should come to him. 
The men soon had confidence in Melcher, 
especially when they heard how he used 
to fight for better conditions for them. 
He was a little fellow, but he assumed 
heroic proportions in their eyes. He was 
strict and just with his men, but he always 
had friction with the office, so that he 
got tired of it and resigned. 

“The first assistant was promoted to 
the chief’s position. He was simply a 
good mechanic who never got over it. 
He had no dignity, and fraternized too 
much with his men, which led to clan- 
nish jealousy and cliques, and the cliques 
got him fired by carrying stories about 
him to the office. The only evidence left 
of his stay as chief was the vacant posi- 
tion. He did not fit in. 

“The next fellow was called Walker, 

and was another failure. He started in to 
reduce expenses, and his idea of economy 
was to cut wages. He thought to obtain 
efficiency by working the men long hours, 
with the resu.t that some of the good men 
left and those who remained were un- 
dolently indifferent as to how the plant 
ran as long as it would turn over. 
. “The office grew wise and got Melcher 
to come back, and now a visitor to the 
factory is shown over the engine room as 
being the neatest, cleanest and most inter- 
esting part of the establishment. 

“The moral appears to be that the art 
of managing men is a greater help to a 
chief in the attainment of results than is 
his technical knowledge, and he should 
get his work done with a pleasant per- 
suasive, patient pressure. A popping 
safety valve only shows that an unstable 
hand is in control.” 


A. I. E. E. Election 


At the meeting of the American Insti 
tute of Electrical Engineers, held on May 
19, it was announced that the following 
officers had been elected: President, L. 
A. Ferguson; vice-presidents, C. C. Ches 
ney, Calvert Tounley and B. Gherardi: 
managers, D. B. Rushmore, H. E. Clifford, 
C. W. Stone and W. G. Carlton; treas 
urer, George A. Hamilton; secretary, 
Ralph W. Pope. 
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Use of Weightless Back Pressure Valves 


Descriptions of the Several Types; Discussion of the Effect of Back 
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Pressure on the Piston; Where. the Strain Comes; Testing for Leaks 
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When it becomes necessary to use a 
back-pressure valve in the exhaust pipe 
of a steam engine, it is usually located 
near the ceiling, and in many cases a cast- 
iron weight is put on the lever to control 
the pressure carried. This is neither safe 
nor ornamental, therefore it is much bet- 
ter to attach a strong wire to the lever 
and hang the weight near the floor. Care- 
less engineers fail to do this and several 
accidents that were wholly unnecessary 
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FIG. I 


have resulted. It is not necessary to use 
a weight at all, as there are several back- 
pressure valves available on which 
weights are never used. While it may 
not be wise to remove a weighted valve 
nd install one that does not require a 
weight, it is good policy to investigate this 
atter when alterations are to be made 
for other reasons; also, when new plants 
specified and erected. 


DIFFERENT FoRMS OF VALVE 


Fig. 1 illustrates one of these valves on 
ich a plain spiral spring is used to hold 
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the valve shut until the pressure at which 
it is set is reached, when it opens and al- 
lows some of the surplus steam to es- 
cape. Its internal parts are designed like 
those of a common globe valve, but the 
stem has no threads as it must move 
freely through the stuffing-box at all times. 
If it is packed too tight here it will not 
open readily, and after a high back pres- 
sure has raised it, the valve will not re- 
turn to its seat automatically, thus prov- 
ing both and wasteful; but 
there is no necessity for either packing a 
valve-stem too tight, when new, nor for 
allowing the packing to remain in place so 
long that it becomes hard and is no longer 


dangerous 


elastic, hence binds on the stem. 

The pressure carried is regulated by 
means of a thread and nut on the upper 
part of the stem, designed to give the 
spring more or less force according to 
the pressure desired. In this case the 
spring is under compression, and it must 
be comparatively heavy because it oper- 
ates directly on the valve without leverage, 
ir on the “dead weight” principle. 

While the opinions of engineers are not 
alike concerning the best way to locate a 
regular globe valve in relation to the pres- 
sure that must come to it in regular serv- 
ice, aS some want it under the disk and 
others are not satisfied unless it acts on 
the upper surface of the same, there can 
be but one way to set a back-pressure 
valve, of this type, as pressure must act 
on the under side of the disk. 

Fig. 2 illustrates another back-pressure 
valve, held to its seat by a spring. A bell- 
crank lever A is utilized and is pivoted at 
B, but the leverage is against the spring. 
In other words a greater force must be 
exerted by this spring for a given back 
pressure than would be required without 
a lever. This is not detrimental to good 
service, but a heavier spring must be used 
accordingly. The compression of this 
spring is regulated by the adjusting screw 
C. The outer end of the lever rests upon 
the push-rod D,° which in turn holds the 
valve E to its seat as long as the pressure 
is less than the amount for which the 
When this pressure is se- 
cured it raises the valve E against the 
spring shown and 


valve is set. 


allows steam to es- 
cape to the atmosphere. This spiral spring 
becomes stiffer as its compression in- 
creases, but at the same time the lever 4 
is slowly rising, the effect of which is to 
shorten its leverage and this compensates 
for the increased stiffness of the spring, 
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hence it does not require more back pres 
sure to allow a large volume of steam to 
escape than for a small volume when the 
valve begins to open. 

The valve E and its guide F are cast 
in one piece, so the latter acts as a plunger 
in the dash-pot G, the action of which 
prevents hammering when pressure is 
suddenly relieved. If this were a reduc- 
ing valve, operated under ordinary con- 
ditions, there would be no danger of ham- 
mering, but a back-pressure valve is some- 
times subjected to frequent and sudden 
changes of pressure due to the discharge 
of large puffs of exhaust steam from the 
engine. I have seen a weighted lever 
valve thrown open so violently by this 
action that the weight was loosened from 
the lever and thrown clear of it, landing 
on the floor but fortunately not injuring 
anybody. It was caused by throwing 
such a heavy load onto a Corliss engine 
that the limit of automatic cut-off was 
exceeded, causing steam to follow the 
piston full stroke and giving large puffs 

















of exhaust steam accordingly. Steam is 
frequently exhausted in this way in the 
plant referred to, but only a short ex- 
perience is required to convince an en- 
gineer that a weighted lever located high 
above the floor of a much-used passage- 
way is quite dangerous. 

When it is necessary to open this valve 
and allow steam to escape to the atmos- 
phere, the screw H is turned in and this 
raises the valve E from its seat. It is a 
good idea to locate a valve of this kind 
near a flanged ell, then by removing the 
bolts in one of the flanges, also the bolts 
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at J and J, which hold the valve togetlier, 
it may be taken apart for inspection and 
repairs, without disturbing the screwed 
pipe joints. | 

Fig. 3 illustrates another back-pressure 
valve in which a spring is compressed 
when it is opened by excessive back pres- 
sure. Only a light spring is required 
here because it operates on a lever so ar- 
ranged that the leverage is against the 
valve. Furthermore, this is a differential 
valve, and but little leverage is required 
to keep it closed under ordinary condi 
tions. Steam enters at the right as in 
dicated by the arrow and acts on the 
lower small disk, tending to close it. At 
the same time it acts on the upper large 
disk, tending to open it, so the difference 
in areas of these two disks multiplied by 
the pressure per square inch represents 
the force operating to open the valve. As 
the weight of the valve and stem, also of 
the lever, assists in keeping the valve 
closed, but small additional weight or 
compression of spring will be required. 
Either is secured by turning the hand 
wheel shown below the spring. 

This is a piston valve, consequently 
when it becomes worn enough to leak 
steam it is necessary to buy new disks 
slightly larger than the old ones and fit 
them so that they will slide in place, and 
vet not leak. If this was a double-poppet 
valve, or, in other words, if each disk 
rested squarely upon a separate seat, they 
could be made tight by grinding, afte: 
long service, or if an accident had caused 
them to leak, but in such case it is difficult 
to maintain a correct length of stem be 
tween the two disks so that both will rest 

Only a slight differenc: 
disk to be raised from. its 


upon the seats. 


will cause ore 








allow much steam to 


With the piston type of valve this length 


seat and escape 
may vary one-quarter of an ineh or more 
without causing loss or annoyance. 
LeAKY BACK-PRESSURE VALVES SOMETIMES 
EXPENSIVE 
Superintendents and business managers 
sometimes think that a leaky back-pres- 
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sure valve is not a source of direct 
loss, because only exhaust steam passes 
through it, and this is called a waste 
product. In some cases this is correct, 
but in many others it is a great mistake, 
because for every pound (in weight) of 
exhaust steam wasted, coal must be 
burned to produce a pound of live steam. 
In a small plant, with which T am _ well 
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EFFECT OF BACK PRESSURE ON PISTON 

The idea that back pressure on the pis- 
ton of an engine represents a total loss 
seems to have taken firm hold of some 
engineers, who have not given the matter 
thorough consideration, yet there are 
many plants in which all exhaust steam 
is used under light back pressure with no 
loss at all, and in many others the loss is 
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acquainted, used tor power and heating 
purposes, the back-pressure valve leaks 
badly, consequently it is considered bet- 
ter practice to let all exhaust steam escape 
to the atmosphere and use live steam for 
heating, than to send exhaust steam into 
the heating system, because a large por 
tion of the latter is wasted whenever it 
comes to the back-pressure valve, and 
when none is coming it allows live steam 
to escape freely. It would save about one 
ton of coal per day, costing more than $4, 
to put in a new valve, the cost of which 
would be about $50, yet the managers 
think that they cannot afford to spend so 
much, money for improvements. 


ANOTHER SPRING-LOADED VALVE 

Fig. 4 is another spring-loaded back 
pressure valve designed for use in a hori 
zontal pipe. In this case the spring is in 
tension instead of compression, and _ it 
operates on a lever made in the form of a 
curved rack. A hand-wheel is provided 
by means of which the upper end of the 
spring is moved toward the right-hand to 
secure the 
toward the left-hand to reduce it, thus 
enabling the engineer to raise or lower 
the back pressure at will. 


more leverage on valve, or 


is similar to the foregoing, ex- 


Fig. 5 
cept that it is designed for a vertical pipe. 
The spring is in tension and its attach- 
ment to the curved rack is clearly shown, 
hut there is no hand-wheel provided 


small. Suppose that an engine is ex 
hausting at 5 pounds’ back pressure 


above the atmosphere into a heating sys- 
tem in which all exhaust, and a large 
quantity of live, steam is used. The extra 
load put on by this arrangement is de- 
termined by multiplying the horse-power 
back pressure. 
develop power 


given 
used to 


constant by the 
but the steam 




















FIG. 5 


is not lost because it all goes int 
the heating system where it does good 
work. 

A very small per cent. of it disappears 
in developing power, but it is not worthy 
of serious consideration when compared 
with the amount saved by the plan. On¢ 
heat unit is equal to 778 foot-pounds, and 


one horse-power is 33,000 foot-pounds de 
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veloped per minute; therefore, for each 
herse-power developed, 
33,000 + 778 = 42.4 

heat units disappear. Assuming that it 
requires 3 pounds of good coal per hour 
to develop 1 horse-power, and that each 
peund contains 14,500 heat units, it re- 
quires the generation of 43,500 heat units 
to develop 1 horse-power for one hour, or 
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FIG. 6 
725 per minute. As only 42.4 heat units 
disappear for each horse-power developed, 
it shows that 5.8 per cent. of the heat 
contained in good coal actually disap- 
pears in developing power in the engine; 
therefore, 94.2 per cent. must be saved by 
utilizing the exhaust steam. 

Furthermore, it should be remembered 
that this loss does not apply in this case 
to all power developed by the engine, but 
mly to the amount that is developed by 
the addition of back pressure. For illus 
tration of this point take a 20x48-inch en- 
gine running at 85 revolutions per minute. 
The horse-power constant of -this engine 

6.47. If the mean effective pressure is 
10 pounds without back pressure it will 
evelop 
258 
Adding 5 pounds back pres 
ure does not increase the mean effective 

ssure, but it does increase the total 
ad by 


6.47 
orse-power. 


40 = 


6.47 X 5 = 32 
itse-power. The addition of 5 
ick pressure has 


pounds 


made it possible for 
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us to use the exhaust 


from 


steam resulting 


258 + 32 = 290 
horse-power, but the loss of 5.8 per cent., 
as above calculated, applies to 32 horse- 
power, only, and not to the 258 horse- 
power, as that was developed independ- 
ently of back pressure. 

On the above mentioned basis of 3 
pounds of coal per horse-power-hour, it 
requires 96 pounds to develop the power 
necessary to overcome this back pressure, 
and 5.8 per cent. of 96 is 5.5; therefore, in 
order to secure the large amount of ex- 
haust steam coming from this engine it 
is only necessary to burn 5.5 pounds of 
coal per hour more than before. Now 
the total amount burned is 

290 X 3 = 870 
pounds, of which 5.5 pounds is certainly a 
very small per cent. 


WHERE THE STRESS COMES 

| once heard a stationary engineer of 
any years’ experience state that adding 
back pressure to an engine brings more 
strain to bear on the working parts, and 
that sometimes the extra load thus put 
on causes the valve rod to vibrate badly, 
but this does not seem reasonable. The 
point of cut-off is lengthened by the addi 
tion of back pressure, hence the forward 
pressure is greater; but this is not for the 
purpose of driving a greater load on the 
crank-shaft, where it is as far away as 
pessible from the cylinder. On the con 
trary, it is brought to bear on the other 
side of the piston; therefore, the pressure 
operates almost directly on the load as 
only the piston is between them. 

Furthermore, if the forward pressure 
on the piston of an automatic steam en 
vine is increased by the addition of more 
load, it is not accomplished by raising the 
initial pressure, but by continuing the 
same pressure through a greater portion 
of the stroke. Viewing the matter in this 
light it is difficult to understand how a 
slight increase in the load on an engine 
can cause vibration of the valve-rod, if it 
were free from this objectionable feature 


before. 


Stitt ANOTHER TYPE OF VALVE 

lig. 6 illustrates the external appear- 
ance of a back-pressure valve that is 
closed by a spiral spring which is in ten- 
sion when opposing the steam pressure, 
thus acting automatically the same as 
valves previously shown, although fitted 
with a hand-wheel and valve-stem, giving 
ii the appearance of a gate valve. 
a sectional view of the same 
showing that there is a_ straight 
passage through it when it opens auto- 


— 


Fig. / is 


valve, 


matically to allow steam to escape. If 
the hand-wheel and valve-stem could be 
used to close the valve positively, it would 
be a dangerous feature, because a back- 
pressure vaive is supposed to be an auto- 
matic appliance; therefore, the engineer 





expects that it will open without his at- 
tention when there is a pressure of a few 
pounds behind it. Suppose that the stop- 
valve which admits steam from the 
haust pipe to the heating system in a cer 
tain plant should be closed, and the engi 
neer supposed that the back-pressure 
valve was open when it really was closed, 
so that its automatic feature was elimin- 
ated. In such a case the engine would 
be started, and it would run until a high 
pressure accumulated in the exhaust pipe, 
and this might cause trouble, because the 
exhaust piping of a plant is not always 
intended to stand boiler pressure. If it 
does not result in broken fittings it may 
cause packing to blow out of flanges that 
showed no sign of leaking under light 
pressure, and this might cause a plant to 
be shut down for several hours, costing 
the owners many dollars and giving the 
engineer a hard, hot and thankless job. 

The makers of the valve shown in [igs 
6 and 7 would rather have the engine 
started with this back-pressure valve 
closed than open, because it quickly re 


ex- 




















sponds to the 
exhaust 
the 


impulses given by puffs of 


steam, and if water once passes 


drawn back into 
the cylinder, if, for any reason, the pres 


valve it cannot be 
sure is lowered between this point and the 
engine. This may only apply to cases 
where the valve is located near the cylin 
der, and as a matter of interest it is only 
fair to state the result would be the same 
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with any other good valve made for this 
purpose; nevertheless, this is a point 
worthy of consideration. 


VALVES IN ExHaAustT PIPEs 


In my plant there are eight exhaust 
pipes that discharge steam into two heat- 
ing systems, hence it is necessary to have 
a valve in every one of them. These 
valves are nearly always closed when the 
engine or pump to which they belong is 
shut down; consequently, when it is to be 
started again the first move is to open this 
valve in the exhaust pipe. A majority 
of firemen who care for hoiler feed- 
pumps and engineers of small plants have 
had no experience with this arrangement 
of piping, so, when a new man is to be 
employed, one of the first points on which 
he needs instruction is to open his exhaust 
valve before he touches the steam valve. 
Failure to do this in one case that I re- 
member well blew out the packing on the 
under side of the steam chest of a duplex 
pump, and it took two men half a day to 
replace it. 

In this case (and in others like it) a 
valve that would have opened automat- 
ically, saving this trouble and annoyance, 
would have proved valuable, but this does 
not necessarily mean that such an im- 
proved device is always appreciated, as 
it usually is not, until after an inferior 
appliance has caused unnecessary expense. 
On the other hand, it is considered good 
practice to have a valve that can be closed 
firmly by means of a threaded stem, 




















Fic. 8 


rather than to depend on any form of a 
check-valve. 


RELIEF VALVES USED FOR 
Fig. 8 illustrates what 
called a relief valve, but it is used in 
this connection in order to bring out 
points of interest. The right-hand end 4 


ILLUSTRATION 
is commonly 


is in connection with a condenser that is 
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used to dispose of the exhaust steam com- 
ing from an engine, and produce a partial 
vacuum in the exhaust pipe. There are 
still men who are employed in power 
plants of various kinds, who do not 
clearly comprehend what is meant by a 
“partial vacuum,” but the explanation is 
simple and easily understood, as it is only 
a reduction of pressure. If a_ perfect 
vacuum could be created and maintained 
in a condenser there would be no pres- 
sure there, but so long as this is not prac- 
tical, a partial vacuum must be accepted 
as satisfactory. 

The outer end B of this valve is open to 
the atmosphere (although there may be a 
pipe screwed into it), therefore a pres- 
sure of 14.7 pounds may be secured at 
sea-level, and less at higher places, and 
this acts on the back of the disk shown, 
keeping it down on its seat. As pressure 
in A may be reduced to less than 1% 
pounds, the unbalanced pressure in B is 
sometimes as high as 13 pounds per 
square inch. As this is assisted by the 
weight of the valve and its stem, neither - 
weights nor springs are required to keep 
it closed. 

Suppose that the circulating pump of 
this condensing plant fails to operate, and 
as a natural consequence the exhaust 
steam is not condensed. Pressure rises 
until it is equal in A and B, then it grad- 
ually rises in A until it raises the valve 
and allows steam to escape through B 
to the atmosphere, which is exactly what 
any other back-pressure valve does, and 
the only real difference is that in this 
case the pressure is less than in an ordi- 
nary non-condensing engine. 

No means are provided for holding this 
valve to its seat by more or less force, 
using the tension or compression of a 
spring for this purpose, as in preceding 
illustrations; but none are needed, as the 
valve weighs enough to make it close after 
it has been opened, and pressure assists 
this operation at other times as above ex- 
plained. The stem of this valve is guided’ 
by a piston working in a short cylinder 
at both top and bottom, and these act as 
dash-pots to prevent too rapid motion of 
the valve under changes of pressure. It 
is held open by a hand-wheel and stem at 
the bottom when a free passage for 
steam is desired. If it is opened at all it 
should be wide open. 

Fig. 9 is similar to the preceding, but is 
intended for a vertical pipe. As it is not 
possible to locate a wheel at the bottom 
to open it, a horizontal stem with a pinion 
that meshes into a rack on the stem is 
provided, and it is operated by a hand- 
wheel, as shown at the right-hand. A 
dash-pot prevents fluctuation and conse- 
quent pounding of the valve on its seat. 


WitH NON-CONDENSING ENGINES 


In plants where several non-condensing 
engines are in service, it is customary to 
connect all of the exhaust pipes together 
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as a matter of convenience in disposing 
of the steam through one outlet. So far 
as this point is concerned the idea is good, 
but when this steam is supposed to be 
all going into one or more heating sys- 
tems, because each exhaust pipe is closed 
by a separate back-pressure valve, and 
some of it comes out of the common out- 
let for exhaust steam, it is plain that one 
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or more of these valves are leaking, but 
it is difficult to tell which one. 

If only one of these engines is in ser- 
vice, and no steam comes out of the main 
exhaust pipe, it is evidence that this 
back-pressure valve does not leak, but the 
evidence is not conclusive unless the in- 
vestigation has been very thorough. For 
illustration, only one engine is running, 
but has it been in operation long enough 
to create pressure in the heating system? 
If not, steam cannot be expected to show, 
even if the valve does leak under pres- 
sure. If the exhaust steam from this en- 
gine has created pressure in the heating 
system, and none appears at the main out- 
let, has the pressure been on long enough 
to allow a small quantity to slowly travel 
through a long pipe? If only one engine 
is exhausing steam, and vapor appears at 
the main outlet, is there a chance for it 
to come from other back-pressure valves 
that are under 4 or 5 pounds pressure, 
due to the admission of live steam through 
a reducing valve to the heating system? 
Failure to duly consider all of these 
points has led to mistakes in trying to 
locate leaks, but if these suggestions are 
carefully acted on, there is no need of 
trouble from this source. 

The winter season is a good time to 
make these tests, when steam is wanted 
for heating purposes, but it may not be 
the most convenient time for making re- 
pairs and renewals. Write the conclu- 
sions arrived at in a book kept for this 
purpose, then make necessary repairs on 
these parts when not in use. 





FIG. 9 





Thursday evening, May 14, the mem- 
bers of the Brooklyn Engineers’ Club 
were addressed by James W. Nelson, the 
subject of whose paper, which was illus- 
trated by lantern slides, was “Hydraulic 
Machinery.” 
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Digging a Sewer by Steam Power 


By ETHAN VIALL 


Decatur, Ill., for the first time in her 
existence, tried digging sewers by means 
of a big steam trencher, but the immense 
amount of rain this vear and the fact that 
the sewers on which the trencher was 
used ran through quicksand tended to mar 
the success of the experiment, although 
under the circumstances the machine has 
done fairly well. 

The capacity of the machine shown in 
Fig. 2 is claimed to be 450 yards a day in 
good ground, but owing to the conditions 
encountered, the amount removed has 
been nowhere near that. 

The machine is so constructed that it 
will dig a trench 20 feet deep and from 
28 inches to 5 feet wide. It weighs 16 
tons and requires the attendance of six 
men. 

The shovels, which are 28 inches wide, 
are shown in this figure. 

The big conveyer and ditcher shown in 
Fig. I is used in conjunction with the 
trencher, but is entirely separate, and at 
present writing is several blocks behind 
the trencher. 

This conveyer consists of an elevated 
track on which runs a car operated by 
means of cables from an engine in the 
small house shown at the end of the 
track. The cables are arranged so that 
the car can be run to any point on the 
track and raise, lower or dump the half- 
yard bucket. 

Where the digging is too soft for the 
trenching machine, the sides of the ditch 
are boarded up as fast as the dirt is re- 


POWER AND THE ENGINEER. 
Air Cooling Problems 


By F. E. 


MATTHEWS 


Assuming that it is required to cool 
2000 cubic feet of air per minute from 80 
degrees Fahrenheit to 36 degrees Fahren- 
heit, how many tons of refrigeration does 
that represent and how many B.t.u.? 














FIG. I. SHOWING DITCHER AND CONVEYER 

In the general case the cooling of air 
involves the cooling not only of the air 
itself, but also of the moisture which the 


air contains. Air may contain different 
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creases with increasing temperature and 
decreases with decreasing temperature, it 
is evident that the air may contain a 
greater amount before cooling than it is 
possible for it to hold in suspension after 
cooling. 

To condense a pound of water from the 
air requires, roughly, 11,000 B.t.u. of nega- 
tive heat, ie., the that 
amount of heat; while the simple cooling 
of one pound of water in the vapor form 
through 1 degree requires 
the extraction of only about 0.48 B.t.u. 
To determine the amount of cooling effect 
required to cool a given amount of air 
through a given range of temperature, 
we must determine, first, that required to 
cool the air itself; second, that required 
to cool the vapor which it contains after 
cooling; and, third, to cool and condense 
that part of the vapor precipitated during 
the process of cooling this because of its 


extraction, of 


Fahrenheit 


supersaturated before it is 
cooled to the desired temperature. 

In the following calculations, based op 
the above question, it is assumed that the 
amount of air to be cooled is 2000 cubic 
feet before it is cooled, and not, as the 
question might be construed to mean, that 
the requirement is for 2000 cubic feet of 
cooled air. 


becoming 


For the sake of simplicity we will first 
assume that the air to be cooled is dry. 
Drv air at 80 degrees Fahrenheit weighs 
0.0731 pound per cubic foot; 2000 cubic 
feet would weigh 146.2 pounds; the speci- 
fic heat of air is 2377; B.t.u. required to 
cool 2000 cubic feet 1 degree Fahrenheit, 
34.75; B.t.u. required to cool 2000 cubic 
feet 44 degrees Fahrenheit, 1529; the lat- 
ent heat of a pound of ice is 144 B.t.u.; 








FIG. 2. THE TRENCHING 


moved, the dirt being shoveled into the 
buckets of the conveyer and then run back 
and dumped into a part of the finished 
sewer. The conveyer is used to 
lower concrete, pipe, implements, or any- 
thing necessary into the ditch. Its work 
is considerably slower than that of the 
trencher, but it can be used to work where 
the trencher cannot. 


also 


MACHINE 











FIG. 3. 


amounts of moisture at the same tem- 
perature, according to the degrees of sat- 
uration, or it different 
amounts of moisture at the same degree 
of saturation at different temperatures. 
The more water air contains the nearer 
it is said to be to the point of saturation. 
Since the amount of water which it is pos- 
sible for the air to hold in suspension in- 


may contain 


MACHINE PARTLY FACING 


SEWER 


the latent heat of 2000 pounds of ice is 
288,000 B.t.u.; and the rate of 288,000 
B.t.u. per 24 hours is called a ton. 

Now, 24 hours contain 1440 minutes, 
which is contained in 288,000 two hundred 
times. In other words, heat extraction 
at the rate of 200 B.t.u. per minute is 
equivalent to a ton of refrigeration per 
24 hours. On this basis the cooling 
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of 2000 cubic feet of air per minute from 
a temperature of 80 to 36 degrees Fahren- 


heit would require the expenditure of 
1529 divided by 200, or 7.64 tons of re- 
frigeration. 

Had the requirements been for 2000 
cubic feet of cooled air, the amount of 
refrigeration needed would have been 8.36 
tons, the difference being accounted for in 
the difference in weight per cubic foot be- 
tween air at 80 degrees Fahrenheit and 
36 degrees Fahrenheit, respectively, the 
former being 0.0731, as stated, and the 
latter being 0.0896 pound per cubic foot. 


Arr CoNntTAINING MOISTURE 

In the above case it was assumed that 
the air contained no moisture. We will 
now assume a case in which the air is 
“saturated,” or contains all of the mois- 
ture that it is capable of holding in sus- 
pension at 80 degrees Fahrenheit. At this 
temperature the air contained in the mix- 
ture of air and water weighs 0.0708 pound 
per cubic foot and the vapor 0.001667 
pound per cubic foot. 


TABLE SHOWING CONTENTS OF VAPOR IN POUNDS PER 1000 CU.FT. 
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tons of refrigerating capacity required to 
remove the moisture. 

The total refrigeration required to cool 
2000 cubic feet of air per minute from 80 
degrees Fahrenheit to 36 degrees Fahren- 
heit under extreme conditions of humidity 
would be the sum of that required to cool 
the air, viz, 7.64 tons plus that required to 
precipitate the moisture (13.31 tons), 
20.95 tons. 

For convenience in making similar cal 
culations we will reduce the above to the 
form of an equation for cooling dry air: 


or 





- cws(t—? 
oe (¢—f) 
200 
where 
T=Tons of refrigeration duty per 


24 hours to cool air, 

c = Cubic feet of air to be cooled per 
minute, 

w = Weight of air per cubic foot (at 


temperature at which c_ is 
taken), 

s = Specific heat of air, usually taken 
at 0.2377, 


OF 
AND TEMPERATURE. 





AIR AT DIFFERENT 
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whichgsince the requirement was for 2000 
ieet per minute must be doubled, 
making. 7.916 tons, the required capacity. 


cubic 


To PrectprraAte Moisture 


A similar approximate equation tor de 
termining the amount of heat that must be 
extracted in order to precipitate the mois 





ture would be: 
1100 (pmt mt) 
T = J 
200 
where 
7 = tons retrigerating duty per 
24 hours to precipitate the 
moisture in the air abov: 
that remaining at the 
lower temperature, 
1100 = Amount of cooling effect 


to precipitate a 
pound of moisture, 

= Per cent. saturation of the 
air before and after cool 
ing, respectively, 

= Weight of moisture 
pounds per 1000 cubic feet 


necessary 


p and p’ 


mand m’ in 


PERCENTAGES OF SATURATION 


At. 10% | 15% | 20% | 25% Zo | 30% _ | 35% | 40% 7o | 45% 1M onlad Zo | 55% | 60% 65% 70% | 75% 80% 85% | 90% 95% 100% At 
100° Fah. 0. 282\0.423/0.056'0. 705| 0.847/0. 988| ‘¥ 1.130/1.270| 1.411)1.552 :. 694 1.835 1.976/2.117)2.259/2 400 2 541 2. 6822.823 100° Fah. 
95° Fah. (0. 244)0.366,0.489)0.621/0.733/0. 855\0 978)1. 1001 223)1. 345 1.467 1.589 1.712)1.844|1.977'2 .089 2.201 2.323 2.446 95° Fah 
90° Fah. (0.211/0.316)/0. =. 527 0.633/0.740)0 BAT l0 51/1. 058 . oa 1. 267 1.373 1.479|1.584|1.690 1.7951.901 2.0052.110 90° Fah. 
85° Fah. (0. 182)\0.272\0.363/0.454/0. 545|0.636/0.727/0.818/0.909 1.000)1.091 1.182 1. 273)1.364/1.455 1.546)1.637 1.7281.819 85° Fah. 
80° Fah. 0. 156)0. 234 0.312)0.390/0. 468/0. 546)0.624,0.702/0.781/0.859/0. 937 1.015 1.093)1. 166)1. 249 1.327/1.405 1.4831. 562 80° Fah. 
75° Fah. 0. 133/0. 200,0. 267 0.334/0. 4401/0. 467/0. 534 0.601)0. 668 0.735|0. 802 0.868 0.935)1.002)1.069 1.135 1.202 1. 269 1.336 75° Fah 
70° Fah. (0.114'0.171)0. 228,0. 285|0.342/0. 399|0. 456/0. 513|0. 570|0. 627|0. 684 0.741 0.798'0.855/0.912 0.964) 1.026 1.083 1. 140 70° Fah 
65° Fah. |0.096|0. 144'0. 193/0. 241|0. 290|0. 338/0. 387|/0. 435|0. 4840. 532|0. 581 0.629 0.678 0.726\0.775,0.823/0.8720.920 0.968 65° Fah 
60° Fah. (0.0820. 123/0. 1640. 205/0. 2460. 286 0.327 0. 368/0.41010 451|0 492 0.533 0.574'0.615 0.656 0. 697/0.738 0.779 0.820 60° Fah 
55° Fah. (0.069/0. 103 0.138 0. 172\0. 207/0. 242/0. 277/0.311/0. 346/0. 380/0.415 0.449 0.484)0.519/0.554 0.588)/0.623 0.657 0.692 55° Fah 
50° Fah. |0.058/0.087 0.1160. 145/0. 174|0. 204|0. 232 0. 261/0. 291,0. 320/0. 349.0. 378 0.407 0.436 0. 465.0. 494/0.524 0.553 0.582 50° Fah 
45° Fah. 0.048/0.072/0.097'0. 1210. 146/0. 170/0. 195.0. 2190. 243/0. 267/0. 292 0.316 0.341)0.365/0.390 0.4140. 439 0. 463 0. 487 45° Fah 

10° Fah. 0.0400. 060 0.0810. 1010. 122/0. 142)0. 162 0. 182/0. 203,0. 223/0. 244 0. 264 0. 284/0. 304/0. 325 0.345 0. 366 0. 386 0.407 40° Fah 
35° Fah. 0.033 0.050 0. 067 0.084/0. 101)0. 118/0. 135 0. 152)0. 169 0. 185/0. 202 0. 219 0. 2360. 253/0. 270 0. 287 0. 304 0.321 0.338 35° Fah 
32° Fah. 0.030/0.045/0.060 0.075/0.090|0. 105|0. 120.0. 135/0. 150 0. 165|0. 181 0.196 0. 211/0. 226 0. 241 0. 251/0. 2710. 2860. 301 32° Fah 
30° Fah. |0.027/0.041/0.055/0. 068/0.082!0.096/0. 110 0. 124)0. 138)0. 1151/0. 165 0.179 0.193 0. 207/0 53] 0. 2340. 2480. 262 0. 276 30° Fah 
25° Fah. 0..022/0.033/0.044 0.055|0.066/0.077/0. 088 0.099)0. 110 0. 121/0. 133 0. 144 0. 1550. 1660. 177 0. 1880. 1990. 2100. 221 25° Fah 
20° Fah. (0.017 .0.0260.035,0.043|0.052/0.061/0.070 0.079\0.088/0.096/0. 105 0. 114 0. 123'0. 1382/0. 141 0. 1490. 1580. 1760. 176 20° Fah 
15° Fah. (0.014)0.021 0.028 0.035/0. 042/0.049/0.056 0. 063/0.070'0.077/0.084 0.091 0.0980. 105/0. 112 0. 119.0. 1260. 133 0.140 15° Fah 
10° Fah. (0.011/0.016,0. 022 0.027/0.033/0.038 0.044 0.049)0.055'0.060)0. 066 0.071 0.077)0.082/0.088 0.093 0.0990. 1040. 110 10° Fah 
+ 5° Fah. |0.008/0.012'0.017/0.021 0.026/0.030/0.035 0.039|0.043/0.047/0.052 0.056 .0.061)0.065/0.069 0.073 0.078 0.082 0.087 5° Fah. 
0° Fah. (0.006,0.009 0.013'0.016'0.020\0.023'0.027 0.030/0.034 0.037|0.041 0.044 0.048 0.051/0.055 0.058 0.061 0.064 0.068 0° Fah 
°° Fah. (0.005'0.007/0.010 0.012/0.015/0.018|0.021 0.023/0.026/0.028/0.031 0.034 0.037/0.039/0.042 0.044:0.0470.0490.052  — 5° Fah 
10° Fah. |0.004'0.006'0.008/0.010'0.012/0.014/0.016 0.018/0.020/0. 022/0.024 0.026 0.028/0.030\0.032 0.034/0.0360.0380.040 — 10° Fah 
~ 15° Fah. (0.003 0.004 0.006\0.007 0.009/0.010)0.012,0.013/0.015'0.016|0.018 0.019 0.021|0.022/0.024,0.026)0.0280.0290.031 — 15° Fah 
The heat liberated, or, in other words, (t-t’) = Difference between the initial contained by saturated ai 


the cooling effect necessary to precipitate 
one pound of water from the air within 
the usual range of temperatures is gener- 
ally taken at 1100 B.t.u. 

At 80 degrees Fahrenheit saturated air 
contains 0.001562 pound of moisture per 
cubic foot, 1.56 pounds per 1000 cubic feet, 
or 3.12 pounds per the required 2000 cubic 
feet. At 36 degrees, the final temperature 
to which the air is to be cooled, it will 
contain 0.00035 pound per cubic foot, 0.35 
pound per 1000 cubic feet and 0.7 pound 
per the required 2000 cubic feet. 

The difference between 3.12 and 0.7 will 
be the amount of moisture that must be 
precipitated from the air per minute in 
order that it may be cooled from a tem- 
perature of 80 degrees Fahrenheit to a 
temperature of 32 degrees Fahrenheit, and 
this multiplied by 1100 gives 2662, the 
number of B.t.u. to be removed. This 
divided by 200 gives 13.31 


. the number of 


and final temperatures of the 
air, 
200 = Constant, or the number of B.t.u. 
per minute equivalent to a ton 
of refrigeration per 24 hours. 
The average weight of air per cubic 
foot between the temperatures of 32 de- 
grees Fahrenheit and too degrees Fahren- 
heit is 0.0757 pound, which multiplied by 
the specific heat of the air, 2377, and by 
tooo (cubic feet), and divided by 200, 
gives a constant, 0.08997, which, substi- 
tuted for the corresponding characters in 
the above equation, gives T = 0.08997 
(t-t’), where T is the refrigerating effect 
in tons per 24 hours as before, this being 
the amount required to cool 1000 cubic 
feet of air per minute through a range of 
temperature (¢t-#’). Applying this to the 
above problem we have 


= 0.08997 x (80 36) = 3.058, 








at temperatures ¢ and ¢ 
respectively, 
Constant, the number otf 
B.t.u. per minute, equiva 
lent to one ton of refrig 
eration per 24 hours. 
Values of pm and p’ m’, corresponding 
to any temperature ¢’ or ¢’ and any given 
per cent. of saturation, may be determined 
directly from the accompanying table. [n 
this case the factors p mt and p’ m’ t’ may 


be read: “Pound of moisture per 1000 
cubic feet at temperatures ¢ and ?’, and 
per cent. saturation p and p’.” If for the 


sake of simplicity we designate this as 
and m’ respectively, the equation then b: 
comes after simplifying the constants 
T = 5.5 (m— m’), and substituting values 
from the table, covering the condition> 
indicated above, we have T = 5.5 (1.562 
- 0.35) = 6.665, or for 2000 instead 
1000 cubic feet, 13.31 tons. The equation 
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for the total tons of refrigeration required 
per 1000 cubic feet to both cool the air 
and precipitate the moisture would be 
simply the sum of the two equations given 


above, or, 
T (t 0 t) = 0.08997 (t t’ 4 m’), 


5.5 (m 


which when solved and multiplied by 2 
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An Additional Safeguard on the 
Curtis Turbine 


The way to make a machine successful 
is to foresee and head off sources of pos- 
sible trouble. On the. Curtis turbine the 
nozzle-block is bolted to the casing, as 














FG. 


(2000 instead of 1000 cubic feet required ) 
would give 21.22 tons as the total cooling 
effect required per 24 hours to cool and 
precipitate the moisture in 2000 cubic feet 
of air per minute, it being assumed that 
the initial condition of the air is 100 per 
cent. saturation the 
80 degrees Fahrenheit, and the final condi 
tion of the air is 100 per cent. saturation and 
the temperature is 36 degrees Fahrenheit 

A rough check on the above is the ruk 
commonly employed by refrigerating en 


and temperature is 


gineers, viz: “Allow 4000 cubic feet of 
air cooled 1 degree Fahrenheit per minute 


per ton of refrigeration per 24 hours.” 





Air is the mechanical 


mixture of 77 
per cent. of nitrogen and 23 per cent. of 
oxygen and 79 volumes of nitrogen and 21 


volumes of oxygen. It takes 11.54 pounds 
of air theoretically to burn 1 pound of 
carbon, while in ordinary practice from 
18 to 24 pounds of air for each pound of 
coal burned is allowed. 


shown in Fig. 1. If by chance one of the 
bolts should work out or break off, it 
would fall directly into the swiftly run- 
ning wheel below and might occasion a 


gol 


each bolt-head in a pocket of copper made 
by cutting a strip as in Fig. 2, doubling 
the part aa into a U-form and driving it 
into the groove A, Fig. 3, which is dove- 
tailed or under-cut so as to retain it, and 
bending the tab 6b down over the bolt- 
head, preventing it from turning. This 
forms a pocket which would catch and 


Copper 











FIG. 2 


hold the bolt if it should shear off from 
expansion strains or break from being 
turned up too tightly, and is a simple and 
effective precaution. 





Natural Gas Wasted 


1. C. White, State geologist of West 
Virginia, in an address at the Conference 
on the Conservation of our Natural Re- 
sources, says that there are easily a bil 
lion cubic feet of natural gas being 
allowed to go to waste every day. This 
gas has a much higher heat value than the 
illuminating gas furnished by cities, but 
measured only by the rate at which the 
average consumer of city illuminating gas 
pays, the throwing away of a billion cubic 
feet involves the sacrifice of a million dol- 
lars per day. Of course the people who 
“saw it first” own it and can throw it 
away if they want to, but the waste and 
the cost thereof ultimately fall upon the 
consumer of fuel and the things made and 
transported by fuel. 





A handy method to get the length of a 
belt where it is not convenient to measure 
is to add the diameter of the two pulleys 

















lot of damage before it found a quiet 
corner. 

While the chance of this is remote, it is 
worth providing against, and this has 


been done very effectively by inclosing 














together, divide the result by 2 and multi- 
ply the quotient by 3%. Add the product 
to twice the distance between the centers 
of the shaft and the result will be the 
length required, substantially. 
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Variable Speed Polyphase Induction Motors 


Practical Aspects of Apparatus Which Seems Complex but Whose 
Connections Are Simpler than Those of Direct Current Controllers 





BY 


In spite of the fact that variable-speed 
polyphase motors have been in success- 
ful operation in many plants for over Io 
years with practically no repairs, their 
use seems to be restricted owing, perhaps, 
more to prejudice than anything else, and 
there are in consequence many workers in 
the electrical field who are unfamiliar 
with their connections and operation. 

At first. sight the connections appear 
complicated, but upon closer examination 
they will be found simpler than those of 
the controllers of direct-current motors 
used in similar service. 

Any alternating-current motor of the 
induction type tends to run at a constant 
speed, which at full load is from 3 to Io 
per cent. below synchronism; the average, 
for medium-sized motors, is about 6 per 














FIG. I. STATOR FOR INDUCTION MOTOR 
cent. below synchronism. In order to 
obtain variable speed two methods are 
available, either to vary the voltage im- 
pressed on the stator or primary winding, 
or else to provide means for inserting 
more or less resistance in the rotor or 
secondary circuit; in the latter case the 
drop in speed below synchronism (com- 
monly called the “slip”) is approximately 
proportional to the resistance inserted. In 
both of these machines the stator or pri- 
mary is exactly like the form of stator 
used on all constant-speed machines (see 
Fig. 1). The rotor and controlling de- 
vices, however, are considerably different, 
especially when the resistance method of 
control is employed. 


Sourrret Cace Rotor Usen 
With the variable-voltage method, a 
squirrel-cage rotor, substantially the same 
a$ that of a constant-speed motor, is 


R. 


H. 


used, the only difference being that the 
bars are made of a higher resistance ma- 
terial and the end rings of smaller cross- 
section, in order to have a high-resistance 
winding and thereby increase the starting 
torque. In fact the motor so closely re- 
sembles a constant-speed machine that it 
is difficult to distinguish the one from the 
other by casual inspection, and any state- 
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Reversing Controller 


FIG. 2. CONNECTIONS OF VARIABLE-SPEED IN 
DUCTION MOTOR CONTROLLED BY VARY- 
ING PRIMARY VOLTAGE 
ments regarding the characteristics of 
constant-speed motor applicable to 
this. As this type of motor has no rings 
or brushes and requires but three wires 
to connect it with the starter, it is well 
adapted to crane service, where the resist- 
ance and slip-ring type would be objec- 
tionable because of the number of trolley 
wires required per motor (at least six— 


are 


FENKHAUSEN 


three primary and three secondary) and 
the difficulty of providing sliding contacts 
for the large secondary currents and find- 
ing room for the regulating resistances. 

The variable-voltage control is illus- 
trated diagrammatically in Fig. 2, and its 
simplicity will be readily appreciated. 
Only one pair of auto-transformers is re- 
quired for all of the motors on a crane, 
and all the other apparatus in the oper- 
ating cage consists of one controller face- 
plate for each motor, to adjust the volt- 
age at the motor terminals and reverse 
the direction of rotation when required. 
When there are three motors on the 
crane, namely, main hoist, auxiliary hoist 
and trolley, all of these may be regulated 
and reversed with seven trolley wires, 
which is three less than the minimum 
number required for direct-current ser- 
vice with the same number of motors. 











FIG. 3. 


SQUIRREL-CAGE ROTOR FOR 50 HORSE- 
POWER INDUCTION MOTOR 
the 


Fig. 3 shows 


rotor. 


squirrel-cage type of 


For Continuous Service AT VARIOUS 
SPEEDS 

For continuous service at different 
speeds and for slowly starting and accel- 
erating heavy loads, such as are common 
in elevator and large hoist work, the 
motor with external resistance connected 
in the secondary circuit is best adapted. 
The rotor or secondary is wound like the 
armature of a three-phase star-connected 
generator, with the ends of the winding 
brought out to three collector rings which 
connect to the regulating resistance as 
shown in Fig. 4. The rotor is wound 
three-phase, whether the stator be two- 
phase or three-phase; the controller at 
starting first closes the primary circuit, the 
resistances being permanently connected 
at AAA. The controller when moved 
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to the second and succeeding positions 
does not affect the primary connections at 
all, but cuts out resistance in all three 
circuits simultaneously by short-circuiting 
BBB, CCC, and so on, until the sixth 


“notch” is reached, where the points 
F FF are connected, short-circuiting the 
rotor and leaving the machine running as 
a constant-speed motor. When the motor 


A A 


A Permanent 
Connection 






--2nd Notch 


3rd Notch 


-- 4th Notch 


--5th Notch 


-—-6th Notch 


Collector Rings 


Rotor Winding 
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Stator 
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To Line 
FIG. 4. CONNECTIONS OF VARIABLE-SPEED IN- 


DUCTION MOTOR CONTROLLED BY 
VARYING SECONDARY RE- 
SISTANCE 


is reversed only the primary connections 
are affected, the connections of the rotor 
being the same for either direction of 
rotation. By permanently short-circuiting 
the rotor at the sixth “notch,” or at the 
collector rings, the machine becomes a 
constant-speed motor and may be started 
with an ordinary auto-starter in the pri- 
mary circuit. Fig. 5 shows the rotor with 
its three slip-rings. 

Both the variable-voltage and resistance 
methods of control are comparable to the 
control of a direct-current shunt motor 
by variable resistance in the armature cir- 
cuit; in all three the torque de- 
veloped is constant for a given current 
and is independent of the speed, which is 
proportional to the voltage impressed at 
the motor terminals. The loss in the re- 
sistance is in proportion to the slip or 
drop in speed below synchronism. In the 
resistance method of control most of the 
heat is dissipated in the external resist- 


cases 
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ance, whereas in the variable-voltage con- 
trol all the heat is dissipated in the wind- 
ings of the motor, which makes the re- 
sistance control better adapted for con- 
tinuous service at low speeds. 

Typical performance curves for motors 
with secondary resistance are shown in 
Figs. 6 and 7. It is evident that both the 
current and the power factor are fixed for 
a given torque and are independent of the 
speed, while the efficiency varies with the 
speed, approximately. 


A VALUABLE FEATURE 
One valuable property possessed by in- 
duction motors must not be overlooked. 
The ability to act as generators when run 

















FIG. 5. WOUND ROTOR FOR SPEED 


BY EXTERNAL RESISTANCE 


CONTROL 


above synchronism will be found of great 
value in hoisting work as by lowering the 
load with the power on, the motor is not 
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rents at low voltage which flow in the 
secondary circuits. The three leads be- 
tween the secondary resistance and the 
collector rings should be especially heavy, 
as they are in circuit at all times, even 
when the motor is up to full speed. 

One standard type of controller has 
separate drums for the primary and secon- 
dary, the secondary drum being rigidly 

















FIG. O. 


r'YPICAL PERFORMANCE CURVES OF 
VARIABLE-SPEED 50-HORSE-POWER 2- 
PHASE MOTOR, 200 VOLTS, 7200 
ALTERNATIONS, 8 POLES, 
goo R. P. M. 


connected to the shaft which carries the 
operating handle. This shaft also carries 
a tripping arm which sets the primary 
drum for the desired direction of rotation 
when the controller handle is moved to 
the first notch in either direction. The 




















only prevented from racing, but returns primary drum is then disengaged and the 
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energy to the line as soon as the synchron 
ous speed is exceeded by a few per 
cent.; this often makes a brake unneces- 
sary except for emergencies. 

In installing these motors, the motor, 
controller and resistances should be placed 
as close together as conditions permit, and 
all secondary connections made _ with 
heavy wire to provide for the large cur- 


operating handle proceeds without dis- 
turbing it. When the motor is stopped, 
the primary drum is engaged by the trip- 
ping arm of the main drum between the 
first notch and the “off” position, and re- 
turned to its neutral position, where it 
remains until the operating handle is 
again moved. From this it will be evi- 


dent that speed regulation is performed 
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entirely by the secondary or main drum, 
the only functions of the primary being 
that of a reversing switch and to shut off 
the current in the stator windings. The 
connections and contacts are shown in 
Fig. 8. 


WILL STAND CONSIDERABLE ABUSE 


These motors will stand a great deal of 
abuse and are often reversed under load 
with no evil results, although such prac- 
tice is, of course, to be condemned except 
in emergencies. 

All of the collector rings, brushes, con- 
tact fingers and drum segments should be 
kept smooth and free from dirt, otherwise 





POWER AND THE ENGINEER. 


tion, and simply speeds up when the con- 
troller is reversed. This is due to the 
little pins which engage the primary drum 
being so badly worn that they fail to re- 
turn the drum to the off position when the 
controller is moved and the motor there- 
fore continues to run slowly. This is 
easily remedied by replacing the pins. 

The motor will sometimes run one way 
and refuse to start in the other direction. 
The cause of this is that the contacts on 
the primary drum touch in one position, 
but fail to make contact when thrown to 
the other position. 

If the motor will not start in either 
direction and the fuses are all right, set 
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FIG. 8. CONTACTS AND CONNECTIONS OF DRUM CONTROLLER FOR VARIABLE- 


SPEED INDUCTION MOTOR 


excessive heating will result, in conse- 
quence of the heavy secondary currents. 
The controller fingers should be oiled 
(very slightly) to prevent cutting, and the 
play adjusted so that they lift about 1/32 
inch when making contact with the drum. 
If any roughness appears on the seg- 
ments it should be corrected immediately ; 
otherwise, heavy sparking will result and 
this will rapidly ruin the fingers and con- 
tacts. 

In case of trouble, it is well to look first 
to the controller, as it is here that trouble 
usually occurs, especially when the con- 
tacts have been neglected. Sometimes the 
motor will continue to run slowly after 
the controller is turned to the off posi- 


the controller on the first notch and pull 
out the fuses one at a time, leaving the 
two fuses of one phase in each time. If 
the motor hums loudly on each phase, the 
primary connections are all right, and the 
trouble must be looked for either in the 
secondary-drum contacts, the collector 
rings, or the wiring. Sometimes one of 
the brushes feeds as far as it can and then 
breaks contact. This is easily detected by 
the blackened condition of the ring, which 
must be carefully smoothed up and a new 
brush fitted with sandpaper. 

From an inspection of Fig. 8 it will be 
evident that if any one of the three cir- 
cuits from the rotor is broken at any 
place, it causes an open circuit in two of 
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the resistance groups, and the rotor, being 
deprived of two-thirds of its winding, will 
fail to start any but the very lightest load, 
and may not start at all, even unloaded. 

Little trouble will be found in locating a 
fault if it is borne in mind that the pri- 
mary and secondary circuits are entirely 
distinct from each other electrically, the 
first carrying a relatively small current of 
comparatively high voltage, taken from 
the supply circuit, and the latter an in- 
duced current of low voltage and high 
amperage. The machine is in fact a 
transformer and by blocking the rotor and 
exciting the primary windings, low volt- 
age-current may be drawn from the col 
lector rings. 





Value of Appalachian Water 
Power 





According to estimates made by the 
United States Geological Survey, there is 
a minimum of about 2,800,000 indicated 
horse-power developed by the rivers hav 
ing their head waters in the southern Ap 
palachian mountains. Mature considera- 
tion of the condition leads the Survey to 
estimate that at least ‘50 per cent., and 
probably much more, of this power is 
available for economic development. It 
should be borne in mind that this figure 
represents merely the minimum _horse- 
power. If auxiliary power were provided 
to supply short seasons of water defi- 
ciency, it would be profitable to develop 
up to 2% times this amount. Full de- 
velopment of storage facilities would in 
crease the minimum from 3 to 30 times 

A rental of 1,400,000 horse-power at $20 
per horse-power per year would amount 
to an annual return of $28,000,000. This 
amount is equal to a gross income of 3 
per cent. on a capital of about $933,000, 
ooo. The protection of the uplands by the 
restoration of the forests would go a 
long way to develop these storage facili- 
fies in a natural and inexpensive manner 





In commenting upon the recent con 
ference on the conservation of our natural 
resources the Scientific American says 
“Happily the Nation as a whole is at last 
awakening to a realization of the vital im 
portance of this question, and there are 
many signs that if judicious legislation 
be proposed, looking to the conservation 
of our natural resources for the benefit 
of the States as against the individual, of 
succeeding generations as against the 
present individual holders, it will receive 
the support of powerful majorities both 
in the State and Federal legislative 
bodies. 





The Thurston memorial, presented by 
the alumni of Sibley College and consist 
ing of a bronze tablet, the work of H. A 
McNeil, one time drawing instructor at 
Sibley, will be unveiled at 3:30 p.m., Tues- 
day, June 16. 
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Practical Letters from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 






Know or Want to Know About Your Work, and Help Each Other 





The Gear Problem 





! would like to submit the following 
solution of the gear problem of E. M 
Howard in the February 15 number of 
The Engineer, page 245. 

The general solution of this problem 
for all cases is worked out in exactly the 
same wayas the special case here given 
The labor of substituting in the general 
formula derived, however, being equal to 
if not greater than that of solving any 
special case, renders the former practi 
cally valueless except for purposes of 
comparison and discussion. 

For this reason each step of the solution 
is shown in considerable detail and in 
such form that the method may be ap 
plied to any case by taking proper pre 
cautions with regard to the algebraic signs 
of the quantities involved. The solution, 
depending upon a quadratic equation, al- 
ways gives two results, the application of 
which may be determined by simple in 
spection. 

Referring to Fig. 1, let G H K be the 
circle, with center at O, on which the 
center of the driving gear moves; F, D 
and E are the points of tangency of the 
pitch-circles when in mesh, by virtue of 
the center of the driving circle being at, 
G, H, and K, respectively. Draw O R 
and A Q perpendicular to the base B C, 
and O P parallel to the base. 

Since the gears are eight diametral 
pitch, and the gear with its center at A 


. : 8 
has 8o teeth, its pitch diameter is ; 
10 inches, and its pitch radius, d D = 5 
inches. Similarly for gear B, pitch radius 
; 6 P 
is B FE or one-half of = = 4 inches, 

176 

and for gear C, one-half of ae == II 


inches. In the three positions of driving 
gear center, G, H and K, it is in mesh 
with a driven gear, so that G F, H D and 
K E are each equal to the pitch radius of 
the driver and therefore the distances 
O F, O D, and O E, are equal; each being 
the radius of the circle O plus the pitch 
radius of the driver. Let + represent each 
i these; then,O A=OD+DA=>x 
te Oe CE+2 8 = & + 4; 
C=OF+FC=-x + 11; also 
B= 13, A C= 20, B C = 21. 

In the triangle A BC, 


’ 


) 
4 


——2 2 


IC=AC— AQ, 








(1) 


¢ 
X 


WE PAY FOR USEFUL 


2 2 ——? 
BO=AB—AQ. 








(2) 
Subtracting (2) from .(1) gives 
0C_#0'=AC-4B =| (y 
400 -- 169 = 231 
OC+BQ=21, (4) 
Iividing (3) by (4) gives 
OC—BQ=11. (5) 
Adding (4) and (5) gives 
2QC = 32, QC=16andQB=5 
AQz=Y*\ AB : BO = 


V 169 — 25 = 12. 
In the triangle O B C. 


2 2 _ 











RCm=OC—OR, (1) 
~ 
3 
FIG. I SHOWING THE VARIOUS GEAR 
CENTERS 
RB=OB—OR. (2) 


Subtracting (2) from (1) gives, 


RC—RB=0C—OB= 


(3) 





(2+ 11)*— (2+ 4)? =7 (22+ 15) 
RC + RB = 21. (4) 
Divide (63) by (4) giving 
RC—RBa= 7274153) XT 
21 
$x (5) 
oan ie 
3 5 
Subtracting (5) from (4) 
2RB=21—(27 + s)=16— ==. 
- RB=8—— 


PO=QR=RB—BQ= 
x x 


IDEAS 





OR=\ OB—BR = 


\ (+ +4)*— (s— ~ yg 


3 
2, vA 277+ 30 + — 108 


AP=AQ—PQ=AQ—OR= 


12 — % 7 2%7*+ 304 


108 


9 





AO=AP+PO. 


Substituting the derived values gives 


a 2 , 
(4 +5)? =(12—3Y 22%+ 302 — 108 )” 
r - 
+ ( a. 3 ) 
r? + Wy 25 44—WbY 2277 + 302°—108 + 
$ (277 + 302 108) +9—227 4 . 


6 
16 ¥ 244+ 304 108 == } + + 8o 


Multiply by 4%, 


12 yY 2 x*+ 30 + — 108 = xr + 6o. 
Squaring this equation, 
288 gz? + 4320 7 — 15.552 z? 412027 3600 


Transpose and divide by 7, 


41x° + 6001 — 2736 = 0 
ee 8+ (,00)* + 41 X 2736 _ 
q re = 
3.65 or 18.28. 


The positive answer, 3.65 inches applies 
to the case in which the gears rotate in 
the opposite direction from the driver and 
is the radius of the circle R S T in Fig. 2 
The center O of this circle is found from 
the values of B R and R O given above 
when + = 3.65 





Thus 
BR=8— = 6,78 inches, 
| —2 2 
and RO=VYV BO-—-BR = 
inches, 
o-. 2 F 4 2 
Vy (7 +4) — (8-4) = 3.54 


inches, which will locate O 


If the driver and driven gears are to 
rotate in the same direction the negative 
value of x, — 18.28, is used. This is the 
radius of the circle L M N of Fig. 2. The 
center of this circle, O’, is found in the 
same way as O was found, but by using 
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«+ = — 18.28, giving B R’ = 14.09 inches 
and R’ O’ = 2.3 inches. 

The considerations determining the 


pitch diameter of driver and the radius 
of the circle on which its center moves 
are that the former shall be some multiple 
of % of an inch, to give an integral num- 
ber of teeth and that the latter shall be 
large enough to throw the gears A, B 
and C, into mesh separately. 

Thus O F in Fig. 1 = 3.65 inches, and 
by making G F = 2% inches, the driver 
will have forty-four teeth and leave 


O G = 049 inch. The dotted circles of 





FIG. 2. GEQMETRICAL DEMONSTRATION OF 


THE PROBLEM 


Fig. 1 show the working positions of the 
driver when its center is at H and K. 

For the second case of Fig. 2, the ra- 
dius of the circle O’ on which the center 
of the driver moves is made equal to 3.72 
inches = O’G’ and the radius of the 
gear G’ F’ is 3.72 inches plus 18.28 inches 
= 22 inches, which gives it 352 teeth. 
This of course would be an annular gear 
and the pitch circle in its three working 
positions, when its center is at G’, H’ or 
K’, is shown by the dotted lines. 

W. L. BAKER. 
Grand Rapids, Mich. 





Buming Sawdust 





I note what is said in the April 7 num- 
ber about the firing, combustion, handling, 
etc., of sawdust. 

Neither furnace described by Mr. Tay- 
lor appears to me as practical for the 
proper burning of sawdust. First there 
is no need of double fires, as shown in 
Fig. 1, if the furnace is properly designed 
and constructed, while the setting in Fig. 
2 would do all right in case of a boiler 
fired by hand, and burning all shavings, 
but is not so good in case of sawdust 
alone. 

Referring to Mr. Williams’ oven, it is 
O. K., in a mill having one boiler, where 
the firing is done by hand. 

Mr. Kingsley’s and Mr. Barrho’s fur- 
maces are practical from my point of 
view, if properly designed as to the grate 
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area, etc., but the combustion space in 
either one does not correspond to the 
rules of expansion of gases. 

H. H. Mark Le. 


Montreal, Can. 





Removing Scale with Kerosene 





In the power plant that the writer has 
charge of is a tubular boiler, 48 inches by 
12 feet, nominally rated at 40 horse-power. 
Upon assuming charge it was found that 
this boiler had a heavy coat of scale on the 
inside. It was so thick on the tubes and 
sheet as to make it very difficult to force 
the boiler to carry the electrical load, 
which required about 30 horse-power. 
One had to get right down to business and 
watch the gage like a cat to keep any- 
where near a working pressure of 80 
pounds during the peak load. 

The management was prevailed upon to 
install another similar boiler, only a trifle 
larger, and the old boiler was shut down 
for cleaning. First, it was washed out 
extra thoroughly so it could be inspected 
on the inside. The tubes were found to be 
so badly incrusted that it was like one 
large rock, and there were but few places 
where a short piece of %-inch pipe could 
be inserted to dislodge the scale. Previous 
to this caustic soda, soda ash and sal soda 
had been used in turn. Those “remedies” 
only caused trouble, however. After 
cleaning it was thought that the sodas 
might do some good, so about 10 pounds 
of all of the remedies named were put in 
and allowed to work for two or three 
days, with a slow fire under the boiler. 
On washing out, however, only about two 
handfuls of scale was the result. 

Next, having heard a great deal about 
kerosene, two gallons of it were thor 
oughly sprayed over the whole inside. 
After waiting four or five days the same 
thing was done over again. Then the 
boiler was filled with water and steamed 
up slowly and run on a light load, that 
is, during the moonlight part of the 
month. It was run this way for one 
week and, then allowed to get good and 
cold. When the boiler was opened up it 
was a sight to behold. We got an even 
two bushels of scale out, besides the fine 
stuff that washed out when emptied. To 
show how thoroughly it worked, ‘there 
were pieces of scale that were too large 
to come through the 11x14-inch manhole 
until broken up with a hammer, and in 
places the scale was % inch thick. 

After the scale was all scraped out and 
removed and the boiler thoroughly rinsed 
out with a hose, inspection showed that 
it will not do to depend on the hose noz- 
zle for washing or knocking all loose scale 
and sediment off the top of the middle 
flues, no matter how strong a pressure is 
on the hose. It is impossible to reach 
them. Therefore, don’t take,a nozzle and 
squirt a lot of water around the top layer 
of flues, and think, when you have them 
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so clean that they shine, that all the rest 
of the flues are in the same condition. 
CuHarces L. Hays 
Cassville, Wis. 





Energy in Expanding Steam 





In view of the discussion upon the 
available energy (Rankine cycle) in ex- 
panding steam, I take the liberty of pre- 
senting the following simple, but accurate 
rule for saturated steam at initial pres- 
sure: To find the available energy per 
pound of steam in B.t.u., add the dif- 
ference in the total heat of the steam 
(between the upper and lower limits of 
pressure) to the product of the absolute 
temperature at the lower pressure and the 
difference in entropy (for the upper and 
lower limits of pressure). The sum is 
the required number of B.t.u. 

Algebraically, if 

U = available B.t.u. in 1 pound of 
expanding steam; 

H = total heat in 1 pound of steam 
at higher pressure; 

H,= total heat in 1 pound of steam 
at lower pressure; 

T = absolute temperature at lower 
pressure ; 

N =entropy at higher pressure; 

N:1= entropy at lower pressure; 

then 
U=H—H.+T (Ni—N). 


The proof of this can be shown by a 
consideration of the accompanying en- 
tropy diagram, in which 
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ENTROPY DIAGRAM FOR ENERGY IN STEAM 


ABCD = available energy in B.t.u., the 
area of which is sought; 
ABCD=VOROCY—VOAEZ+YDEZ 
VOBCY—VOAEZ=H—H, 
YDEZ=DEXT 
DE=ME—LOC=N,—N 
YDEZ=T (N,—N) 
ABOCOD=H—H, + T(N,—N). 


Example: let the boiler pressure = 100 
pounds, or 114.7 pounds absolute; and let 
the back pressure = 14.7 pounds absolute. 
Then 
i= ties9; - Hr 11466;. T =a" + 
460.8° = 672.8°; N = 1.584; N: = 1.748; 
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U = 1184.9 — 1146.6 + 672.8 (1.748 — 
1.584) = 383 + 6728 X 0.164 = 38.3 — 
110.3 = 148.6 B.t.u. 

If steam per indicated horse-power per 
hour is desired, this equals 

2545 . 
7 
or in this case 


2545 


148.6 casi 


pounds, the minimum available water rate. 


J. B. Stanwoop. 
Cincinnati, Ohio. 





Horrible Example of Indicator 
Diagram 


“Electrician,” in the April 28 number, 
page 667, asked for some explanation as 
to the cause of the unsatisfactory running 
of his engine. The compression is too 
high on both ends, although being a high- 
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Fave of Gland o— 


RELATIVE CRANK 


speed engine, it will need more cushion 
than one of slower speed. In this case 
I think it is overdone, throwing more work 
on the fly-wheel than is necessary. The 
main-valve eccentric should be set back 
so as to make the valve later. The head 
end of the card is doing the most work, 
so the valves should be equalized. 

A great many things might be wrong 
with the back-pressure line that would 
produce an effect like that shown on the 
diagram. First, the exhaust pipe probably 
is too small and the steam does not get 
away fast enough, which causes a consid- 
erable back pressure. Second, the exhaust 
valve, being early, probably closes too 
quickly, and leaks for a short distance and 
then finally closes, causing too great a 
compression. I would suggest trying a 
stronger spring in the indicator. 

Frep V. CoNstas_e. 

Coplay, Penn. 
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Setting Slide Valves to Run 
Under 


Concerning the letter, “Setting Slide 
Valves to Run Under,” page 663, April 
28 issue of weekly Power, it seems to me 
there is a little confusion all around. It 
is quite possible for a misunderstanding 
to occur in such matters, and a person 
may unintentionally make statements that 
do not convey what he intends to make 
known. The statements made by the first 
writer do not appear to be correct as a 
whole, and the second writer seems to 
have discovered that the statements in 
question do not quite agree; but the sec- 
ond writer also appears to be a little con- 
fused as to final results in the problem, 
judging from what he says in relation to 
the matter. 

Suppose we look at the thing diagram- 
matically instead of as in a word picture, 
which leaves a good deal to the imagina- 
tion and so permits mistakes to creep in 
unknowingly. 

Let the line ab represent the horizontal 


Crank 
Eud 





ECCENTRIC POSITIONS 


center line through an imaginary engine. 
Let line cd be a_ vertical center line 
through the crank-shaft. Point e is the 
center of the shaft. The crank is to run 
over, as shown by the full arrow, but it 
is intended to make changes so that the 
crank will run under, as shown by the 
direction of the dotted arrow. 

Now the first writer is quoted as say- 
ing, “put the engine in such a position 
that the eccentric occupies one of its dead 
centers ; now make a mark on the stuffing- 
box gland.” 
Following these instructions, and re- 
ferring to the diagram, the full-line eccen- 
tric is shown on its crank-end dead cen- 
ter, which is at point f on the center line 
ab. A position which represents the face 
of the stuffing-box gland is also shown on 
the sketch. With the eccentric in the 
position referred to, make a mark on the 
valve-stem as at point 7 in the sketch. 


)07 
Let us assume that the engine has a 
direct valve and not any rocker-arm 


motion for the valve, and also that the 
angle of advance is such that when the 
eccentric is on its crank-end dead center, 
as shown in the diagram, the crank will 
be as shown atG. 

Continuing, “turn the engine until the 
eccentric is on the other dead center, and 
make another mark on the valve-stem in 
line with the gland.” Following these in 
structions, we would turn the engine 
round so that the eccentric arrives at the 
position shown in dotted lines, at f’ on 
the horizontal center line, and at the head- 
end dead center. That is, we have moved 
the eccentric through one-half a revolu- 
tion in the running over direction, and the 
crank as well, which now occupies the 
dotted line position at 4. The point 7 that 
we marked on the valve-stem has moved 
in out of sight, but is at a distance from 
the face of the gland as shown at point 
1’, so that point 2 on the stem will now 
be at the face of the gland, while the 
eccentric is on its head-end dead center 
at f’ already referred to. It is important 
to remember that the crank is at h. 

The first writer then goes on to say 
“Now loosen the eccentric and pull it 
around the shaft, until the first mark 
comes even with the face of the gland, 
and secure the eccentric.” 
presume, to 


This means, | 
move the eccentric, so that 
the first mark r on the valve-stem again 
comes in line with the face of the gland, 
which brings the eccentric back to where 
we started from, as shown in the full line 
eccentric position in the sketch. The 
crank in the meantime was left standing 
at h so that the angle between the crank 
and line of throw of eccentric is less than 
go degrees by an amount equal 
angle of advance. 


to the 
With the eccentric in 
this position in relation to the crank, it is 
doubtful if the engine would run at all, 
even without any load. 

that he does 
not agree with the first one, for he claims 
that by “pulling the eccentric around the 
shaft to the first mark,” it will place it 
exactly opposite to its first position. This 
would seem to mean—to the casual reader, 
at least—that when the job of setting the 
eccentric was finished, the eccentric would 
be at the head-end dead center, as shown 
by the dotted line position in the diagram. 
for he does not say anything further about 
moving the crank back to its first position, 
which is important to an understanding 
of the operation as a whole. The crank 
is where left at the last movement in the 
series of operations, viz., at /i, and the 
eccentric is at f, the crank-end dead cen 
that, with the 
diagram, the eccentric is in the same posi- 
tion as at first, but with reference to the 
crank it is opposite to its first position 
on the shaft, which no doubt the second 
writer intended to convey to his readers. 
If the 


The second writer states 


ter; so reference to 


crank were brought back to its 





gos 


starting point G, then the eccentric, ac- 
cording to the instruction given, would be 
at its head-end dead center, as shown by 
the dotted line, and its full-throw point 
would be at f’. 

If the eccentric were placed in its 
proper position with regard to the crank, 
so that the engine would run under, as 
shown by the dotted arrow, it would have 
its line of throw at point N, with the 
crank at G. This would make the angle 
between the crank and eccentric the same 
as for the running over condition, which 
is requisite. 

If there were no lap and lead, the ec- 
centric would lead the crank by go de- 
grees for both over and under running, 
so that to make a change, the eccentric 
would have to be moved through 180 de- 
grees. But with lap and lead, and after 
the eccentric has been correctly set to 
effect a change in running over or under, 
there will be 180 degrees minus twice the 
angle of advance, between the position 
of the eccentric before and after moving. 

CHARLES J. MASON. 


Scranton, Penn. 





Engineers’ License Laws 





Do engineers’ license laws benefit any- 
one? To this question, recently asked in 
the editorial columns of Power, the 
writer would respectfully state that un- 
biased observation will convince any fair- 
minded citizen, employer or engineer, 
that such a law is a blessing, provided it 
is not drawn up in the interest of any 
one class, and properly administered. 

To the question of protection of the 
public in whose interest such measures 
are enacted, it surely would appear that 
increased knowledge required by the per- 
son who is to have charge of a steam 
plant, made a necessity by law, guarantees 
to the public a safer man to care for the 
operation of steam plants, and especially 
where the owner is blind to their inter- 
ests as well as his own. Suitable inspec- 
tion laws insure better construction and 
maintenance. If all owners were to guard 
their own individual interests by employ- 
ing only those who are known to be in- 
telligent engineers and refrain from the 
desire to operate plants that are unfit for 
service, it might be then argued, that 
engineers’ license laws are unnecessary. 
Unfortunately such is not the case, and 
to guard the public safety, such laws are 
being enacted. 

Massachusetts laws, which have come in 
for considerable criticism of late, are, on 
the whole, good and are working satis- 
factorily. There may be a few instances 
where there is just cause for complaint, 
but where is the law that does not present 
a chance for complaint in exceptional 
cases. The public are assured of more 


careful supervision by the engineers and 
firemen of this State than existed previous 
to the enactment of the law. 


The public, 
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engineers and firemen, are protected by 
rules governing the construction, instal- 
lation and operation of steam boilers that 
tend toward greater safety. 

As to the contention that the engineers 
of Massachusetts must be superior to 
those of other States having no license 
laws, the writer is debarred from giving 
an opinion, being a resident of the State. 
That they are an intelligent class is recog- 
nized by others in various sections of the 
country. 

Wages, considered to be the all-im- 
portant question by both the employer 
and the employee, can be stated as aver- 
aging higher than other trades, except- 
ing the building trades. In the majority 
of plants the wages per day are lower 
than the amount received by those who 
are listed in the building trades, but when 
we stop to consider the lost time met 
with in this line, the earnings per year 
will average considerably higher for engi- 
neers. 

In Massachusetts the hours of labor are 
less in the manufacturing industries, due 
to the 58-hour law, than in States having 
no such law. It is not claimed that engi 
neers do not work longer hours. Anyone 
familiar with an engineer’s duties well 
knows that the up-keep of the plant re- 
quires a certain amount of labor after 
operating hours. The shorter week of 
58 hours tends to lessen the hours of the 
engineer over those in States having no 
such law. The majority of public-service 
plants, breweries, hotels, etc., where 24 
hours service are required, have 8-hour 
shifts. The average earning of the Massa 
chusetts engineer is considerably in ad 
vance of that received by engineers in the 
vicinity of Lowell. This condition has 
come about since the passage of the 
license law, more especially since the 
limitation of the special clause. Measured 
by the cost of living, there is no question 
of a decline, but where is the occupation 
that has not suffered, based on such con- 
ditions, and still the engineer has in 
creased his earnings more than the other 
trades. 

Unfortunately, has 
explosions 


Massachusetts not 
been immune from _ boiler 
Possibly it may never be. Taking into 
consideration the number of plants 
and boilers operated in this State, the 
number of explosions is a very small 
percentage of the total, and will show 
considerably lower than other States pro 
portionally to the number of plants. There 
may be a lesser percentage in some of the 
other States, based on horse-power of 
boilers, due to larger plants. We are well 
aware that the larger plants of thousands 
of horse-power are in charge of respon- 
sible men, the owners recognizing the 
importance of careful and skilful super- 
vision. 

All of the explosions that have occurred 
in this State of recent date have been 
traced to the lap-seam style of construc- 
tion. The writer has contended for 
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sume time that such construction should 
be prohibited and the boilers now in 
stalled, eliminated. Unfortunately, thos: 
who make the laws needed furthe: 
proof, which was forthcoming when th: 
explosion occurred at Lynn. We 
have a clause in the boiler-inspection law 
that prohibits the further installation of 
boilers constructed with lap seams and 
low factors of safety applied to those in 
stalled, according to age. In time, all 
such constructed boilers will cease t 
exist in Massachusetts, and I trust will 
be relegated to the scrap heap, instead of 
being sold to do duty in States that hav 
no laws guarding the public safety. 

The Massachusetts law may have soni 
defects. Its administration may be faulty 
in some instances. Take it as a whole, it 
legislation for the community 
whose interests it tends to safeguard. Thx 
employer is guaranteed of the fitness of 
his engineer and the engineer safeguarded 
by its provision for the safety of his 
equipment, also from competitors unedu 
cated along steam-engineering lines whx 
would be pleased to work for lesset 
recompense. 

Other States have good laws, also sonx 
municipalities. The U. S. marine laws 
have been in existence for so long a 
period that no one questions their advisa 
bility. Possibly some may think they are 
of little value, but I, for one, would hate 
to see the law repealed or to think of 
the appalling disasters that would occur 
irom boiler explosions on steam vessels. 
if the public was not safeguarded by rigid 
inspection of their construction and opera 


now 


is wise 


tion. 

The views expressed above show the 
writer is impressed with the value of engi- 
neers’ license laws, coupled with suitable 
boiler inspection laws, both to the public. 
the owner and the engineer. 

T. N. Kersey 
Mass. 


Lowell, 





A Handy Slide Valve Diagram 


In the article on the above subject pub 
lished in the April 21 number, I notice 
slight errors which should be corrected 
for the benefit of those who may wish 
to go over the work. 

At the top of the middle column on 
page 621, the passage beginning “Locate 
e,’ should read as follows: From the top 
of the stroke t, we measure 41% inches. 
locating e, from which, with the length 
of the connecting-rod we find E, and draw 
E-O, extending it to E’; E being the cen 
ter of the crank-pin when cut-off takes 
place on the down-stroke, while E’ is its 
position when cut-off takes place on the 
up-stroke. 

H. J. Terper. 

New York City. 
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Protection for the Blow-off 


The illustrated protection for the blow- 
ff in the March 10 number, page 378, 
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miner into the deep unknown with “black 
damp” and then smother what is left of 
him with the deadly “fire damp.” 

We can pardon the editor’s thirst for 
sensationalism, but the truth in these mat- 











ANGULAR PROTECTION OF BLOW-CFF 


appears somewhat objectionable. [he pipe 
ought to be accessible for inspection and 
repair without damaging the britk-work 
To overcome the trouble, I would suggest 
an angular brick-work, as the 
accompanying sketch. 


shown in 
RX. Ewatp 


Riga, Russia. 


Misleading Reports 


lhe editorial on “Misleading Reports,” 
in the issue of April 25, touches an issue 
which deserves much attention. It is con 
ceded that newspaper reports of mechani 
cal matters of interest unreliable 
L believe they are more 


are so 
as to be useless. 
than useless, even positively harmful, as 
when anyone unfamiliar with a topic reads 
an article, he usually has unbounded faith 
in the writer, believes what he reads to 
be true, and often 
gained thereby to his sorrow 
About three 
‘ount in one of Boston’s leading 
f the construction of a large gas tank 
[he reporter was not satisfied with the 
facts, but drew on his imagination with 
the following result: “The sheets of iron 
ire hoisted into place one at a time and 
thoroughly bolted together. Then 
the work of the corkers, who make the 
seams air-tight by driving sma'l wedges 
f cork into the joints.” 

When one of those deplorable atfairs ot 
ie coal mines occur, treated to 
ivid pictures of the underground work 


acts on suggestions 


years ago I read an ac 


dailies 


comes 


we are 


These show Iving on thei 

icks, swinging a 
inarder’s anchor into a lump of coal di 
‘tly over him, which, if he should suc 
d in loosening, would crush him as flat 
a flounder. 

lhey also tell us of the 


nth heading.” 


men 


noc 
a D6 


pick as big as a 


‘seventh level,” 
thre 


ete.. and blow poor 
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ACCESSIBLE FROM REAR 


ters Is more satisfactory than fiction, and 
could have no possible evil effects. 

It would appear that such a condition 
could be easily corrected, by placing an 
engineer on the staff duty 
would be to report on all cases where 


whose sole 
mechanical, electrical or other engineer - 
If this 
for 
tiny hot-air artist to get a green reporter 
and fill him to the decks with 
It would also deter the know-it- 
from 


ing knowledge would be useful. 


were done it would not be so easy 
im TOW 
“bilge 7 
all 


unknown topics, knowing that his “stuff” 
would need the engineer’s O. K. before it 


reporter spreading himself on 


could appear before the public. 
H. N. Haprievp. 
Newark, O 





Determination of the Volume of 


Water Flowing in a Stream 


l read F. M. the 


\pril 14 number, page 568, on the above 


Berlin's article in 


subject, and thought it very good; but 


I think Mr. Berlin will find it simpler to 


Frow Float Shatt +60 eet See 
End of Heater | a 
Low Water 


$4 
cece 


Itigh Water 


eet the cross-sectional area of the stream 
by adding each depth found and dividing 
by the number of measurements taken. 
FeLIx HOoceEN. 
lorisant, Mo 


Using a Dynamo as a Motor 

Referring to the inquiry, “What changes 
are necessary to use a direct-current dy 
namo as a motor?” which appeared in 
the April 14 number, it seems that your 
answer is slightly misleading, especially 
in respect to the compound-wound ma 
chine. The machine would 
motor with the series coil connected as 
it was when run as a dynamo or with 
the terminals reversed; in the former 
case it would be called a differential 
wound motor and in the latter a 
pound-wound motor. The service re- 
quired would determine the method of 
connecting the series coil. If speed regu 
lation is not important and the motor is 
required to start under heavy loads, the 
series coil should be reversed; but if the 
motor is to run at approximately con 
stant speed and start under lighi loads, 
the series coil should not be reversed. 

In case of either a shunt or compound 
wound dynamo being used as a motor, 
the rheostat could be left in the field cir 
cuit, which would give field control of 
speed; however, the resistance must be 
cut out before starting so as to give full 
field strength. A starting box must be 
placed in the armature circuit to prevent 
a rush of when starting 

ie: 


run as a 


com 


current 
BuURGOON 

New 

{ Mr. 
rect; but our reply to the inquiry was 
based on the fact that differential motors 
are practically obsolete now. When a 
-shunt and 
they are connected cumulatively, 
this relation the series 
terminals would have to be reversed, as 
Epirors. | 


York City 
3urgoon’s reasoning is quite cor 


motor has two field windings 
series 
and to obtain 


we advised. 





Feeding Boiler Compound 


[he accompanying sketch shows my 
The 
feed-pump is supplied with water from a 
old boiler. When 
it is desired to feed compound, partially 
the B, and open A, 
the compound will be drawn into the feed 


line from the vessel in which it is mixed. 


method of feeding boiler compound. 


heater made from an 


close valve when 


ut , 


used as Heater. \ 
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COMPOUND FEEDER AND ELECTRIC ALARM FOR HEATER 


An electric alarm is arranged as shown, 
ringing the bell when the water in the 
heater gets too high or too low. 

a JOHNSON 


Somers, Mont 
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Is the Game Worth the Candle ? 


The editorial in the March 10 number 
under the above caption seems to have 
brought to a focus from a practical stand- 
point the question of utilizing superheated 
steam, in a manner which has not appar- 
ently been done before. In a general sense 
every engineer realizes the superior econ- 
omy to be derived from superheated 
steam, but the subject is such a broad 
one that it seems to require considerably 
more analysis than it usually receives at 
the hands of those who consider the in- 
stallation of superheaters, especially in 
connection with plants designed originally 
for saturated steam. 

Mr. Foster upholds the subject very 
ably from the standpoint of an engineer 
and manufacturer who has made a spe- 
cialty of the subject, but in connection 
with the application of superheaters to 
old power plants, would it not be advis- 
able to limit the temperature to not more 
than 450 degrees Fahrenheit at the super- 
heater? There are so many difficulties to 
be encountered between the superheater 
nozzle and the engine exhaust, that cau- 
tion must be observed throughout, or 
one or more details of the installation 
will cause serious trouble. Comparatively 
few steam plants to-day have steel: 
bodied valves in the steam mains, yet it 
is almost if not quite essential that these 
should be used, as well as cast-steel fit- 
tings, when temperatures above 450 de- 
grees Fahrenheit are to be dealt with; 
also a thoroughly reliable packing for 
joints and valve stems does not seem to 
have been discovered. 

Only a few days ago an expert on high- 
pressure pipe work admitted to me that 
he knew of nothing in the way of pack- 
ing which was really reliable for high 
temperatures; but there are several me- 
tallic and soft packings which are giving 
reasonably good results, and the demand 
will no doubt cause the supply to be 
forthcoming. 

I note in some of the correspondence 
it is suggested that valves and fittings 
should be made of “semi-steel,” which is 
a trade name applied to cast-iron having 
more or less steel added to the mixture 
in melting; but there really is no such 
thing as a metal having the characteris- 
tics this trade name would imply; a metal 
is either cast-iron or cast-steel and 
“semi-steel” is cast-iron having a higher 
tensile strength than the ordinary mix- 
tures of foundry iron. 

Its advocacy for valve bodies and fit- 
tings for use under high temperature is, 
I think, likely to lead to disappointment, 
as, while its tensile strength is high, it 
does not have sufficient ductility to resist 
the expansion strains and_ therefore 
genuine cast-steel is more satisfactory 
when sound castings are used. 

The lubricating difficulties in connec- 
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tion with high temperatures must also be 
carefully studied, and I believe it is quite 
generally conceded that 450 degrees is 
about the limit that can be safely used 


in engines having Corliss or semi- 
rotating valves, for not only does the 
lubricant fail to act, but the valves 
themselves become distorted from the 
heat and will not seat evenly. The same 
applies in a somewhat lesser degree to 
most types of slide-valve engines. 

Somewhat higher temperatures, so far 
as the engine valves are concerned, may 
be carried on piston-valve engines, but 
these must be made sufficiently loose to 
prevent the expansion causing the valve 
to stick in its seat and overload the valve- 
gear; likewise all bronze valve packing 
rings should be removed, as the steam 
will soon cut them to pieces. 

Mr. Foster cites a case in which super- 
heated steam was utilized in a marine 
engine without the use of lubricant, but 
he omitted to state that a number of 
ocean-going vessels are fitted with en- 
gines of the piston-valve type designed 
to run without cylinder lubricant, and 
that suitable allowances for this are made 
in designing the valve and piston pack- 
ing rings; consequently, with an engine 
already worn smooth with saturated 
steam the principal effect of the super- 
heated steam would be somewhat more 
expansion and a tightening of the pack- 
ing rings. 

Probably the ideal reciprocating engine 
for high temperature steam is the poppet- 
valve type, and these must come into gen- 
eral use before temperatures above 500 
degrees Fahrenheit will show  satisfac- 
tory results. 

It is to be hoped that the use of super- 
heated steam on existing plants will not 
be advocated to an extent which will cur- 
tail its legitimate development, as there 
is a great temptation to install an attached 
superheater to an old boiler and then the 
troubles begin, perhaps. 

Right here it might not be out of place 
to question whether the claim of 100 per 
cent. efficiency for attached superheaters 
is a just one. By this is probably meant 
that the superheater utilizes furnace 
gases which would ordinarily be wasted 
in the stack. Yet it seems there are one 
or two questions which oppose the claim. 

Suppose, for instance, there should be 
sufficient interference with the draft to 
reduce the efficiency of the furnace or 
necessitate the installation of a forced 
draft apparatus; and again suppose the 
lowered temperature of the gases meant 
a reduced temperature of feed-water 
from the economizer, would not the 
superheater claim its 100 per cent. effi- 
ciency at the expense of the furnace or 
the economizer? Intermediate economies 
should be such that they do not react on 
the coal pile in the wrong direction. 

In making tests on boilers having at- 
tached superheaters, it is now customary 
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to credit the boiler efficiency to the extent 
of the temperature of the superheated 
steam in referring back to the standard 
evaporation basis from-and at 212 de- 
grees. It is a question, I think, whether 
the boiler should receive credit in its 
efficiency to a point in excess of the tem- 
perature of saturated steam at the test 
pressure. 

Another source of trouble in old plants 
is in using superheated steam in auxil- 


‘iaries such as feed-pumps, pump gover- 


nors, air pumps, etc.; these are not, gen- 
erally speaking, designed for high-tem- 
perature steam, and should, in old plants, 
whenever possible, be provided with a 
supply of saturated steam. 
E. F. Dory. 
Camden, N. J. 





A Runaway Air Compressor 





Runaway engines and resulting fly- 
wheel disasters are commonly reported in 
the daily press and in engineering jour- 





Where Belt 


tore lovse 


BROKEN GOVERNOR BELT WHICH CAUSED 
RUNAWAY 


nals; but perhaps an accovnt of a runaway 
air compressor may interest those who be- 
lieve such a thing impossible when the 
load is on. The compressor in question 
is a small one and is controlled by a 
speed and pressure regulator of the type 
herewith shown. Up to the pressure for 
which the weight-arm is adjusted, the 
speed of the compressor is governed by 
the centrifugal head; but any increase 
above this pressure operates the pressure 
device and slows down the machine. 
The demand for air in the case in 
question was so great that the governor 
was seldom called upon to act through 
the pressure device and when the metal 
fastening on the governor-belt tore out, 
the machine was left under full steam. 
Fortunately the attendant stood near and 
although the throttle was vibrating so that 
he could hardly hold it, the machine was 
shut down, but not until it had torn itself 
from its foundations, become badly 
strained, and cracked the air-cylinder. 
But for the proximity of the attendant 
there would have been a different story 
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The addition of an automatic safety stop 
will surely prevent such accidents and the 
cost being insignificant it is difficult to 
understand why it is not more frequently 
used. 

H. L. Dean. 
Claremont, N. H. 





How Should Brushes Be Set > 


I read with interest H. Jahnke’s article 
commenting on Mr. Westerfield’s question 
of “How Should Brushes be Set?” I agree 
with him that it is a good plan to have 
the brushes set against the direction of 
rotation, on account of dust; the tendency 
being to ride up on the brush rather than 
wedge under. 

Further than that, it has always seemed 
to me there was less wear, and I at- 
tributed this to the greater freedom with 
which brushes will slide in their holder. 

The forces acting on the brushes can be 
divided into those that work in the direc- 
tion of rotation through friction, and those 
that work in the direction from the shaft 
center, through swaying of the shaft in 
its bearing or possibly through slight ec- 
centricity of the commutator. These forces 
a and b shown in the accompanying fig- 
ures combined, form the resultant force 
c, which in turn can be divided into the 
forces d and e, in line with the brush and 
at right angles to it against the holder. 
From the diagrams it is evident that the 
force pressing the brush against the holder 
is much larger where the brush sets with 
the direction of rotation than when it sets 
against it. This will decrease through 
friction the ease with which the brush can 


[ 


/ 


BRUSH SET AGAINST THE COM- 
MUTATOR 


FIG, 1. 


vibrate in its holder, and may in time 
cause more trouble than with the brush 
set against the commutator. In all cases, 
however, it is necessary to keep both 
brushes and commutator clean. 
H. NEDERBURGH. 
Chrome, N. J. 





On page 582 of the issue for April 14, 
P. H. Saul gives several instances 
where he cured sparking troubles by set- 
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ting the brushes to point in the direction 
of rotation of the commutator. While I 
have no doubt that he got rid of his 
sparking troubles by setting his brushes 
in this manner, I think he does not give 
the correct reasons therefor. I also con- 
tend that this setting is wrong, and can 
give many instances where I have changed 
brushes the opposite way to that advo- 
cated by him, and cured sparking troubles. 

In one particular instance three 60- 
kilowatt, 500-volt generators, with brushes 
set tangent and pointing in the direction 
of rotation, sparked so badly that the 
purchasers threatened to cancel the con- 
tract and put in another make of machine. 
As much commutator polishing, brush 
grinding, and even changing the make of 
brushes failed to remedy matters, the case 


looked hopeless until it was decided to set 


the brushes against the direction of rota- 
tion, when the machines ran sparkless and 
gave no further trouble. I have since 
cured many sparking troubles by setting 
the brushes against the direction of 
rotation. 

I would like to ask A. P. H. Saul if the 
brushes on his 400-kilowatt generator 
were shunted to the holders, or in other 
words, have flexible connections from the 
carbon brush to the box. My experience 
has been that if the brushes are not 
shunted it is sometimes preferable to set 
the brushes to point in the direction of 
rotation of the commutator, although I 
hold this is theoretically wrong. 

It is obvious that to obtain sparkless 
commutation the brushes must at all times 
be in contact with the commutator. As 
the commutator cannot be depended on 
to keep perfectly true, the brush must be 
designed to follow every irregularity and 
not leave the surface of the commutator. 
To attain this result the brush should be 
as light as possible and equipped with a 
suitable spring, and the natural period of 
vibration of the spring plus the weight 
of the brush should be much higher than 
the period of vibration set up by the ir- 
regular commutator. Hence the almost 
universal use of the box type of brush- 
holder with various types of springs, in 
which the only moving weight is that of 
the carbon brush itself. 

As the brush has a slight movement in- 
side the box due to the irregular surface 
of the commutator, it is apparent that a 
certain amount of friction exists, tending 
to retard this movement, and with the 
brush set tangent and pointing in the di- 
rection of rotation, the amount of friction 
is at a maximum, which amount is de- 
pendent on the spring pressure and the 
coefficient of friction between the brush 
and commutator, and any increase in pres- 
sure of the spring the 
brush friction inside the box. 

Ifthe brush is set so as to point against 
the direction of rotation and at a tan- 
gent to the commutator, the pressure due 
to the friction between the brush and 


also increases 


commutator is transmitted in a straight, 









gil 





line to the spring and the brush is not 
forced against the sides of the box. Hence 
the spring has full control over the brush 
movement and little or no box friction 1s 
experienced. 

With the brush set in this manner, how- 
ever, it is absolutely necessary to have a 
flexible connection between the brush and 
box, otherwise the full current collected 
by the brush will be carried through the 
spring, resulting in the softening of the 
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FIG. 2. BRUSH SET WITH THE COMMUTATOR 


latter and eventually setting up violent 
sparking. 

With the brush set in the opposite direc- 
tion, the pressure on the sides of the box 
will be great enough to prevent the full 
current being transmitted through the 
spring. 

In those types of brush holders where 
the carbon brush is clamped to the box, 
the whole box is pivoted or otherwise ar- 
ranged to follow the commutator. This 
type is only suitable for comparatively 
slow peripheral speeds, and the commu- 
tator must be kept in good condition. 
Given good conditions this type will run 
equally well in either direction. 

The best form of brush holder is the 
fixed radial-box type, as with this the di- 
rection of rotation is immaterial. With 
reversible motors it is a necessity. 

FRANK SAWFORD. 

Sydney, N. S., Canada. 





An Uptake Re-heater 





In the April 7 number, page 545, 
“T. E. W.” asks for opinions on his 
superheating arrangement. 

I am afraid his piping doesn’t offer suf- 
ficient heating surface to give good re- 
sults and the expansion of the pipes 
would cause a leaking of air into the flue, 
as it would be an impossibility to keep a 
constantly tight joint. 

It is not a difficult matter to rig up a 
superheater, but I think “T. E. W.” will 
require more heating surface to superheat 
from 100 to 120 degrees Fahrenheit. A 
good proportion would be about 0.15. 
square foot of heating surface in the 
superheater for every square foot of heat- 
ing surface in the boiler. 

D. Kamp. 

London, Eng. 





Belt Lacing 





Will some of the readers discuss their 
experience with wire as a belt lacing, 
and that of leather laces, telling their 
preference? 

Eart E. WEBSTER. 
Prescott, Ariz. 





Live or Exhaust Steam for 
Heating 


S. Brown 
asks if it is not more economical to use 
exhaust steam 


On page 627 of Power, H. 
through a closed heater 
and condenser than to heat with the ex- 
haust steam. While this is a question 
that cannot be satisfactorily settled with- 
out full data, still, generally speaking, it 
is. more economical to the exhaust 
steam for heating purposes, providing the 
factory will take all, or nearly all, of it. 

Mr. Brown also requests me to figure 
the economy of placing a good feed-water 
heater between a 24x60-inch engine, run- 
ning at 380 revolutions per minute, and 
the condenser, as compared with using the 
exhaust for heating. I beg, however, to 
be excused from having anything to do 
with a 24x60-inch engine running at 380 
revolutions per minute, as it is too danger- 
ous. I had an idea that when some small 
high-power torpedo-boat destroyer engines 
reached a piston speed of nearly 1300 feet 
per minute that things were hustling, but 
here is an,engine alleged to be making a 
piston speed of 3800 feet per minute, 
which would at 40 pounds mean effective 
pressure develop over 2000 horse-power 
om a 24-inch piston. 


use 


However, I don't 
believe Mr. Brown ever said such a thing: 
| believe it must be that printer again. 
Returning to the question of economy 
in exhaust heating, I would say that if 
conditions are suitable, there can be no 
question that it is superior to any other 
system. This can be readily proven by 


he amount of heat used when one system 
is compared with the other. 


Suppose the engine requires 1000 pounds 
of steam at 100 pounds pressure per hour 
when running condensing at 28 inches of 
vacuum, and that the exhaust is used to 
heat the 40 to 100 de- 
erees Fahrenheit as it passes to the con- 
dlenser.* 


feed-water from 
Then the heat consumption per 
hour for the engine will be: tooo & 1185 
1,185,000 B.t.u.. but of this tooo 
(100 — 40) = 60,000 B.t.u. is returned to 
the boiler in’ the heated  feed-water. 
Therefore, the actual heat consumption is 
1,185,000 — 60,000 = 1,125,000 B.t.u. 
Suppose the factory also consumes 1000 
pounds of steam per hour at, say, a re 
duced pressure of 5 pounds and that the 
drips are tapped back into the boiler at 
227 Fahrenheit. Then the heat 
consumption for heating will be 1000 x 
list = 4,151,000 Bit.us. of 1000 X 
107 — 197,000 RB.t.u. is the 


degrees 


which 
returned to 
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boiler by the drains, making the heat con 
sumption 1,151,000 — 197,000 — 954,000 
B.t.u. The total heat consumption per 
hour by this system will be 1,125,000 B.t.u. 
for engine + 954,000 B.t.u. for heating = 
2,079,000 B.t.u. 

Now take the other system where the 
factory is heated with the exhaust steam. 
We can assume that the engine to give 
the same power will now require 1400 
pounds of steam per hour and that it heats 
the feed water from 40 to 220 degrees 
Fahrenheit. Then the heat consumption 
per hour for the engine will be: 1400 
1185 = 1,659,000 B.t.u., and of this 1400 X 
(220 — 40) = 252,000 B.t.u. is returned to 
the boiler in the feed, thus making 
the actual heat consumption 1,659,000 — 
252,000 = 1,407,000 B.t.u. As this is ample 
for the factory, it represents the total heat 
consumption per hour when using this 
system. 

Thus we have 1,407,000 B.t.u. giving the 
same results that required 2,079,000 B.t.u 
by the other system—a saving of 67 per 
cent. Of course, this is only an example 
of what could be accomplished, but as 
previously stated the whole problem de 
pends upon the actual conditions and re 
quires good judgment and experience be 
fore any decision can be arrived at. 


Grorce P.. PEARCE 
Exeter, N. H. 
H. S. Brown states that an engine 


24x60 inches in size, ran at a speed of 380 
revolutions per minute, which means a 
piston speed of 3800 feet per minute; the 
diameter of the fly-wheel is not given. 
With a fly-wheel 20 feet in diameter the 
rim speed would be about 4% miles. per 
minute, which is entirely out of the ques 
tion. I believe there is a mistake of 
about 300 revolutions per minute. 
Rorert T. Mucrorp 


Baltimore, Md. 


In addition to Mr. Brown’s 24x60-inch 
engine, then where is a larger water 


wheel to make a total of 300 horse-power ° 


with a mean effective pressure of 10 


pounds, which is extraordinarily low. 


452 ~ to X 3800 


on == 520 77, P-. 


As T understand it, a 24x60-inch engine 
means a 24-inch cylinder and a 60-inch 
stroke. Perhaps it was meant as a com 
pound engine. Even at that, I do 
not see the necessity of a large water 
for 300 horse-power. 

G. Petr 


wheel 


New York City. 

Ts not that 24x60-inch engine of which 
H. S. Brown speaks in the April 21 num 
ber, running at 380 revolutions per min 


ute. doing some prettv fast work? 


60 * 280 


6 = 3800 fert per minule. 


GEORGE MILLER 
New York City 
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A Blow-off Indicator 





The accompanying sketch shows a de- 
vice which I have used with success to 
tell when a boiler was blown off and also 
how long the blow-off valve was opeu. 

A piston works in the small cast-iron 
cylinder C, and is loaded with a spring 
sufficiently strong so that the pressure 
will move the piston not more than 2 
inches. At the top of the piston is a 
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CONSTRUCTION OF BLOW-OFF 


INDICATOR 


tee-shaped copper contact piece which is 
arranged to close an electric circuit by 
means of the contact points on the wooden 
block L, as shown. which circuit causes 
the pencil R to mark on the movable dial 
attached to the clock P, thus indicating 
when the 

I have used this device on stationary 


blow-off is used. 
boilers carrying from 40 to 175 pounds 
pressure, and on marine boilers up to 
225 pounds 
Orren F. Duprvte 
Duluth, Minn 


Overcoming Difficulties in a Sand 


Plant 


Stone-crushing sand plants are subject 
to many varied conditions, both as to con 
Different kind- 
of stone and even stone containing differ 
ent percentages of moisture often requir 
different and machinery 
consequently, the proper rigging and ad 
justment, as well as the kind of machiner: 
in a plant has many times to be worke: 


struction and operation. 


manipulation 


out by experience. 

A certain plant recently installed wa- 
designed by the owner who had had se\ 
eral years of experience. And though h 
found it advantageous to make man\ 
changes, only one that amounted to any 
thing could be said to have been caused 
by a mistake, which size 


was in the 
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the engine foundation. This was made of 
concrete and was plenty large enough, had 
it been built on solid bottom, but this was 
rot the case. During a short period of 
operation the foundation gave so much 
that it became apparent that it would be 
necessary to enlarge it. Accordingly its 
size was increased to about three times 
what would be necessary under favorable 
conditions. 

Conditions of setting the engine and 
crusher arose in the design of the plant 
that supposedly required the using of a 
crossed belt. This, for some reason un- 
known to the writer, did not give entire 
satisfaction. So a chain-drive, with the 
chain crossed, not like a belt with the 
same side always touching both pulleys, 
but so that both sides came in contact 
with the sprockets, was used with success. 

In another part of the plant a 12-inch 
belt persisted in running off of a wood 
pulley. A remedy for this was a crown 
for the pulley made by tacking on, entirely 
around the middle of the face of the pul- 
ley, a piece of 3-inch belt. 

In starting the gas engine running this 
plant, it was necessary to turn the jack- 
shaft, as there was no clutch for the pul- 
This made a 
start by hand-turning next to impossible. 
So an air tank was rigged up and con- 
nected to the engine combustion chamber. 
A check-valve placed between the engine 
and tank enabled the men to pump in air 
to pressure of about 60 pounds by turn- 
ing the engine over by hand for the first 
start, and after that enough pressure 
always remained in the tank to insure 
making the next start. 


leys only at the crusher. 


RoyaAL WOLFE. 
Lancaster, Ohio. 





Accident to an Old Time Engine 


The accompanying drawing represents a 
12x36-inch automatic engine that has been 


in service for about 50 years. Additions 
2 
€) 
eg] | 
Oo - 


FAILURE OF 
had been made to the load until it was 
badly overloaded, when its 
ancient design and old age were consid- 
ered. The crosshead on this engine failed 
one day, the break taking place on the 
outward stroke while the 
running “over,” as indicated by the arrow. 
The the evidently 


especially 
engine was 


stress on crosshead 
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caused it to break suddenly and the shock 
threw this end of the connecting-rod 
violently forward, swinging it over until it 
struck the brick wall as shown. Momen- 
tum of the fly-wheel, shaft, etc., propelled 
the crank forward, and as the connecting- 
rod prevented farther progress of the 
crank-pin, the crank broke, allowing the 
connecting-rod to fall to the floor, where 
it ‘was found reversed from its natural 
position. There is still a plain mark on 
the wall, showing where the connecting- 
rod struck with great force. 

As steam still acted on the piston, it 
forced forward and striking the 
crank end cylinder-head, cracked it badly, 
and broke all of the studs, but did not 
completely displace the head; for when 
steam was admitted to this end of the 
cylinder the head held enough to allow 
pressure to quickly rise and send the pis- 
ton back with great force, striking the 
other head, breaking it into many pieces 
and destroying all of the studs. Repairs 
were made as soon as possible, and the 


was 


engine is still doing good work. 
W. H. WAKEMAN. 


New Haven, Conn. 





Curing a Knock 


A 1500-horse-power vertical cross-com- 
pound engine having bored guides, devei- 
oped a peculiar knock on the high-pres- 
sure side, and considerable “gray matter” 
was expended before the cause of the 
same was located. When found, it proved 
that the babbitt on the shoe was loose, 
moving about 1/16 inch at the end of 
each stroke. 

The method adopted to repair it was as 
follows: Anchor-holes were tapped 
through the shoe with a 34-inch standard 
machine tap and the babbitt face was 
counter-sunk. We then took a soft brass 
and threaded it to into the 


rod screw 


‘ 


| 





CROSSHEAD ON OLD STYLE ENGINE 


shoe tight, cutting it off a little above the 
babbitt to allow for riveting down to fill 
the counter-sink, thus making the brass 
plugs or anchors a tight fit in the babbitt 
as well as in the shoe. These Were then 
dressed off flush with the wearing sur 
face, the shoe put back in place, and the 
engine has been running very nicely for 


yI3 


a year or more with no sign of a knock 
from this cause. 
G. U. MELLEN. 
Paterson, N. J. 





Why a Battery of Boilers Blew Up 


I had just entered the steam-boile: 
room of a large water-works plant in onc 
of the largest the State ot 
Nebraska. The fireman was just in the 


act of going behind the boilers, to a very 


cities in 


narrow passageway, only wide enough for 
him to pass through sidewise. 1 could 
hear the rumbling of the steam, and | 
judged by the noise that he was blowing 
off the boilers, so from a habit of self 

upward at the 
the going 
The fireman continued 
to blow off until the water in the glass 


preservation I glanced 


water-glass to watch water 


down in the gage. 


had run down out of sight, but as he was 
behind the boilers he could not see where 
it stood. 

When he off the 
and came in front of the boilers, he 


valve 
bid 


me the day and then glanced at the water 


shut blow-off 


For some unaccountable reason, 


gage. 
when he had shut off the blow-off valve, 
the water had raised to the safety limit 
in the glass and when he saw it at that 
point, he seemed satisfied, but I was not, 
and him: “Fireman, I 
when you were blowing off the boiler, the 
water went out of sight for a long time, 
and if I were you, I would try the water 
gage.” He did so by opening the small 
valve at the bottom of the water column. 

All the water seemed to drop out of it 
at once and did not return. This un 
nerved the fireman and his face became 
very pale. He rushed to the boiler feed- 
pump, which was in the engine room with 
a door between that and the boiler room, 
and started up the feed-pump, then came 
back and stood watching the water-glass 
for the water to rise. 

When he had started into the engine 
room to turn on the feed-pump, I fol- 
lowed, just because there was an element 


said to noticed 


of danger in the air and I wanted to get 
as far away from it as I possibly could; 
but as I hesitated I noticed that the feed- 
pump had missed taking water and was 
running away. The engineer also noticed 
it, and went over and shut off the steam 
» a standstill 


e then went back to his work on a large 
He tl t back to | | ] 


valve and the pump came t 


pump that was being overhauled. 
I thought at the sadly 
wanting in the qualities that go to mak« 


time that he was 


up a good engineer. I waited some tim: 
for him to inform the fireman that he had 
shut down the feed-pump, but if he in 
tended to do it, it was too serious a mat 
ter to delay so long about it, so I went 
I found the 
for the 


was a 


into the boiler room, where 


fireman still anxiously watching 
water to rise in the glass tube. It 


moment when the fireman needed a goodly 
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supply of sympathy, so | said: “Fireman, 
the feed-pump started to run away, and 
the engineer stopped it.” With an oath 
in condemnation of the engineer, he 
rushed into the engine room to start the 
pump again. I made up my mind to get 
out of that place until things had settled 
down again, but before going, I suggested 
to the fireman the advisability of his tell- 
ing the engineer his trouble before start- 
ing the feed-pump again. Then I left for 
more restful quarters, and was about two 
squares away from the plant when I 
heard a muffled noise. I was satisfied 
what it was and kept on my way up-town. 
I was to superintend some boiler work 
for the same company, and I headed for 
the office. The general superintendent was 
just coming out on his way to the plant. 
He said that the boilers had exploded a 
few minutes before and asked me to go 
with him to see what damage had been 
done to the works. We found that the 
only thing that was hurt by the explosion 
was the boilers themselves, and I was put 
in charge of the work of getting them in 
shape for use as soon as possible. 
James M. SHERMAN. 
Columbia, Mo. 





Fi: Belting to Inaccessible Pulley 





Last spring we installed a small en- 
gine to run an agitator in an ice tank. 
It was located in an inaccessible place by 


Engine 
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place, so decided to raise it up and use 
two pulleys, running the belt around them 
as shown in the figure. The engine is 
now up where it can be looked after and 
kept clean, which was impossible before. 
Harry DOvuBLE. 
Summit, N. J. 





Stiffening Engine Shafts 





In the March 2 number of The Engineer 
a discussion was started by Mr. Replogle, 
who claimed to have straightened and 
stiffened an engine shaft by boring out a 
part of the metal from the center. I 
have been waiting to see the discussion 
continued, but so far have been disap- 
pointed. 

Were this theory of Mr. Replogle’s 
true, the idea would be as useful as it is 
novel. But the theory that the metal at 
the center of a shaft makes it less rigid is, 
for me, rather hard to swallow. His argu- 
ment sounds reasonable, but I cannot 
quite bring myself to accept it. It seems 
that here theory and practice do not agree. 

Mr. Replogle’s hollow shaft would be 
a pipe. Let us suppose that we were to 
bend it. We fill one-half of it with tightly 
packed sand so as not to flatten it, and 
leave the other end empty. The first half 
corresponds in a way, to the solid shaft. 
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METHOD OF BELTING ENGINE TO AGITATOR 


the erecting engineer, and as a result the 
shaft and boxes wore out and it had to 
go to the shop for repairs. 

I did not want to put it back in that 


- 


the question is, which will bend the easier? 
It has been my experience that the filled 
Mr. 
Replogle contends that the metal at the 


pipe is much the harder to bend. 
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center acts as a fulcrum: over which each 
successive layer of metai is bent. Does 
not the sand in the filled pipe act in the 
same capacity? And at the same time 
this “fulcrum” itself resists the bending 
force. 

The real strength of a shaft is in its 
tensile strength, and it seems to me that 


this “fulcrum” would only act advan- 
tageously with the outer metals. As Mr 
Replogle says, “the bored shaft would 


have to collapse before the shaft could 
bend.” But the bending force would not 
have to overcome to so great an extent 
the tensile strength of the steel as it would 
in the solid shaft where it would have to 
stretch one-half of the metal and com- 
press the other half. 

I cannot grasp his statement that the 
particles of metal assume a different rela- 
tion in the bored shaft than in the solid 
one and that this new relation is more 
advantageous than the old. However, he 
may be right, and I hope for the sake of 
the engine builder that he is. 

Witiram D. BELL. 

Wheelersburg, O. 





Another Talk on Packing 


I keep in a convenient place, a shallow 
pan partly filled with graphite and cylin- 
der-oil, in which all rod packing is thor- 
oughly soaked for days, weeks or months, 
as I find convenient before using. 

I have, among others, a double-plunger 
boiler feed-pump, with very deep stuf- 
fing-boxes. For this I cut a piece of 
Y%4-inch square flax packing long enough 
to completely fill a box, and after thor- 
oughly soaking in graphite and oil, as 
described, I place it in the box in one 
piece, and allow it to remain in use 
about two months, when I replace it with 
another piece; unless too badly worn 
[ return it to the graphite and oil pan, 
later on using it again in the pump, being 
careful not to place the same side to the 
plunger as formerly. 

For the Corliss engine I use a diagonal 
packing and add a new ring about once 
in nine months. The steam-valve stems 
are packed about once in six months with 
the same make of packing. 

Regarding manholes, I cement the 
gasket to the plate with white lead, then 
give the reinforcing rim around the man 
hole a coating of graphite and cylinder 
oil. This will prevent the gasket sticking 
to the boiler head. I renew this last coat 
ing as necessary to prevent 
sticking. If renewed too often the oil will 
soften the gasket, allowing it to blow out 
For all gaskets in flange unions where | 
use the white lead, graphite and oil, I use 
only enough oil to moisten the graphite. 

Peter Hook. 


often as 


Kansas City, Kan. 
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What Makes the Lights Flicker 


In Power for April 21 “Puzzled” asks 
for suggestions as to what makes his 
lights flicker. From his diagnosis of the 
case I would say he has a bad connection 
somewhere about his generators, and once 
in every revolution of the armature it 
is made worse for an instant. If it affects 
the lights on both phases I would look for 
it on the exciter side, and if only on one 
phase look on the alternator for the 
trouble. 

FRANK W. CERNY. 

Mesa, Ariz. 





Direction of Belt Lap 


I see in the March 24 number your 
answer to the question, “Should the lap 
in a cemented belt be pointed toward or 





THE TWO DIRECTIONS IN WHICH 
BE LAPPED 


A BELT MAY 


away from the driven The 
answer, I think, is wrong. My. experience 
is that the lap should run as shown at A 
in the accompanying figure, thus prevent- 
ing the force of the air from raising the 
point when the lap turns the driven pul- 
ley as at E. 

The splice at B would give the right 
pull on the driven pulley but would be 
the wrong pull on the driving pulley. 

We have all of our belts cemented and 
run them all with the inside lap toward 
the driven pulley or, as you say, the 
wrong way. Some of our belts run as 
high as 4200 feet per minute, and they 
do not open up at the lap. 

The main belt is 28 inches wide and 
runs 3518 feet or 0.6 of a mile a minute. 
This belt shows plainly which way is 
right, as it is spliced in two places, one 
one way and one the other, one splice 
being made wrong by accident; the splice 
at B causes trouble while the splice at 4 
never bothers us at all. 

MANLey J. MERRELL. 


pulley ?” 


St. Louis, Mo. 

In regard to the direction of belt lap, 
given on page 470 of the March 24 num- 
ber, the statement is made that the in- 
side point of the lap should be pointed 
away from the driven pulley. I know that 
to be the usual practice, but I have also 
known instances belt not 


where a could 
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be run satisfactorily in that manner, for 
the reason that the outside point of the 
lap would in that case be running against 
the driven pulley, and the air current 
would have a tendency to open the outside 
point of the lap admitting dust that would 
soon destroy the joint. 

ALBERT L 

Douglas, Alaska. 


ANDERSON. 





An Engineer’s Trials 

I once had a job where my work was 
to fire a boiler for heating, care for an 
electric elevator, arc lamps, cash carrier 
and a cheap telephone system. Current 
was bought from a central station, the 
pressure being about 600 volts. 

My predecessor had worked overtime 
and Sundays trying to hold down the 
job. He thought the elevator voltage 
was too high, so he put a 120-volt car 
heater in the circuit for resistance, but 
accidently got his leads crossed, resulting 
in a blinding short-circuit. Next he got 
it connected up so when the elevator boy 
pulled the cable to go down, the elevator 
went up through the roof, as the auto- 
matic was not set to work that way. But 
when he unfortunately tried to throw a 
belt on a fast-running motor, he had to 
be sent to the hospital. Next I got the 
The floor walker politely informed 
ime that I was expected to be dressed 
neatly (no overalls or jumper), and I 
paid for a cap with the firm’s name on 
it in gilt letters. A member of the con- 
cern philosophically told me, “All the 
work you do we won’t have to pay any 
for Summed up it 
“do all the dirty work, but keep 


job. 


one else doing.” 
meant, 
clean.” 
The 
would go through the small ones easily, 
while the large ones would fill up with 
To prevent the heat from being 
short-circuited through the small coils, I 
had to choke them down. There were 
twelve telephones on two wires. They 
never worked just right, so I changed 
them to an intercommunicating system. 
The cash system was new and the sharp 
wore that they 
would break. These I had to sew with 
silk. The electric elevator kept 
me awake nights. It was one of those 
cobble-house affairs, consisting of a motor 
controller magnet, with a glycerin 
dash-pot, which operated the  rheostat. 
This rig worked fine for five years, with 
no one but an old janitor in charge who 
kept it clean and did not try to change 
it. In his care it might be running yet. 
In new hands the brushes were allowed to 
get dirty the 
glycerin and 
prevented positive working of the con- 
troller. The would start like 
a rocket and at other’ times it 
would crawl like a Two resist- 
ance coils were burned out and bridged. 


radiators were all sizes; steam 


water. 


castings the cords, so 


strong 


and 


and oil-soaked, and 
was. thick and_ dirty 


elevator 


snail. 


gIs 


the elevator boy ran the elevator down 
cn the brake by gravity and if he allowed 
it to go down too fast it generated a 
counter electromotive force and blew out 
a fuse. Flashing-over had burned the 
brush-holder, the rocker-arm was patched, 
and on backward, and a broken set-screw 
fixed it firmly in that position, which was 
not strictly neutral. 

Next some insulation broke down and 
three bosses stood over me while I cut 
out mica washers with a jackknife. When 
[ asked for new parts they told me to 
“just patch it up so that it will run an- 
other month,” as an expert had examined 
it pronouncing it worn out. Thirty dol- 
lars would have repaired it, but my opin- 
ion was not asked, so I patched and 
patched to keep traffic going and hold my 
reputation at the same time. Two months 
passed when I thought the new machine 
was a bluff and got the old one to do all 
that was asked of it. When the new 
motor did finally arrive, unfortunately, 
the store burned down, and I got a job 
elsewhere 

CuHas. HAEUSSER. 

Albany, N. Y 





Reducing Engine Performance to 


Standard Conditions 


A question came up in the course of my 
work the other day, which I think may 
be interesting and instructive to readers. 
The question seems simple enough, yet 
it caused some little discussion. 

The water rates on our condensing en 
gines are always corrected to a standard 
condition of 28 inches of 
rometer standing at 30 
was recently run on a 


vacuum, ba 
inches. A test 
machine at the 
plant where it was installed and the re 
sults sent to office. The readings 
showed about 19 inches of vacuum at the 
exhaust, while the barometer stood at 20 
inches. 


our 


then arose, how much 
vacuum should we correct the water rate 
for, to reduce it to standard conditions? 
The three following methods were sug 
gested; can readers tell which was right? 

(1) Correct the water rate from 19 
inches to 28 inches, using standard cor- 
rection curves. 

(2) Correct the water rate on the as 
sumption that 19 inches vacuum at 20 
inches barometer is equivalent to 29 inches 
vacuum at 30 oo 
(20 — 19) = 20. 

(3) Assume that the equivalent vacuum 
is directly proportional to the barometric 


The question 


inches barometer: 


pressure, so that 19 inches vacuum at 20 
inches barometer is equivalent to 
O 
Ig » 3° 28.5 
20 
at 30 inches barometer. 
Epwarp C. Perry, Jr. 


inches vacuum 


Lynn, Mass 
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The National Electric Light Convention 


Power Development in and Economical Operation of Small Stations; 
Combustion Experiments; Low-pressure Turbines; Gas-engine Reports 






























The thirty-first convention of the Nati- 
onal Electric Light Association was held 
in Chicago, May 19 to 22 inclusive, and 
was especially noteworthy for the large 
attendance at the regular sessions. At 
one or two sessions considerable numbers 
of the delegates who were unable to get 
seats were so interested in the proceed- 
ings that remained 
standing. 


they throughout, 

Abstracts of such of the papers as come 
within the of Power AND THE 
ENGINEER are here given. Those who 
wish to read any of these papers in full 
will find them in the 
Procecdings of the association. 


scope 


official volume of 


Power Development in Small 
Stations 


was the title of a paper by Charles Rob 
and J. R. Bibbins, in which the 
authors discussed the question of motor 
for central stations. By way of 
illustrating the importance of a high load 
factor—that is, keeping the average load 
on the station equipment well up—the 
chart, Fig. 1, was presented. This shows 
the relation between the load factor and 
the cost of producing power at the tur- 
bine-generator station at Newcastle-on- 
Tyne, England. This is a large station, 
but the general principle is the same in 
stations of all sizes; it pays to keep the 


bins 


loads 


put of the plant. Moreover, the efficiency puted for a hypothetical station equipped 
of the plant apparatus is better at high with one 300-kilowatt and one 500-kilo- 
than at moderate loads. watt turbine-generator units. The as- 




















Applying the argument to a small sta- sumed data are given in Table 1. 

Aree we eee es Fig. 2 shows the average loads for one 
3 week in December, and Fig. 3 the same 
B LH ; : : 
rc for a week in July, the maximum and 
=o minimum load peaks for each week being 
g indicated by the dotted curves. 
al While it would be entirely possible to 
2 handle this load efficiently with a greater 
. number of units, as is actually the case 
1.044444 m Ress < 
3 at Bradford, we have assigned but two 
2 . . . . 
© rH units, relying upon the high light-load 
‘. Load Factor e . 

§ phi ee economy of the steam turbine to compen- 
pe W OK hie, ; i 
$ sate for the operating and other disadvan- 
= . . . 
FIG. I. .EFFECT OF LOAD FACTOR ON Cost OF tages resulting from a further subdivision 
PRODUCTION, 20,000-KILOWATT STA- of generating capacity. Taking, then, 
TION AT NEWCASTLE-ON-TYNE these actual load curves, the average load 
TABLE I. DATA SHEET FOR CURVES. 

RAMI eS SEALION, TALC COMACIEG 6 o..s.o.o.c.o.00:0:5106:0:8:0:0:8:6.00.0:0:05:66.000:0 cee eee cues 800 kilowatts 
Lighting station, overload capacity 50 per cent........ ... 1200 kilowatts 

. zs, on a e { 1 300-kw. 

Number turbine units, two....... Ite Sessa Sica id sesenia ca ciate ean arc - 1 1500-kw. 

Maximum Pek 10GB... 2... ccccres cececcersceces a ee er ee .... 600 to 800 kilowatts 
BORGES (OG: BAPE) ono. a6si0 eins occiceeesineis<:s000500 ese aces cena seins ses eeecne OUD 
Coal—bituminous run-of-mine, 13,500 B.t.u., hand-firing, natural draft. $2.25 per ton 
OCOMGONSEL, BUTTACH CY PO o.oo.oce occ cccccccsccccceccs secs sccrcccccecssceseses 27.5-inch vacuum 

(Condensed steam returned to boilers). Pes 
Steam consumption (dry saturated, full load).......... 6.66 cece eee .... 20 pounds per kilowatt-hour 

Evaporation (full load), pounds water per pound coal......... 66.008 eee 7 pounds ; 

CORL GOMSUMIPCION (FrrTd LOGE) ooo.nc:0c06cccc cc cseccccccceccccesececeseeccses 2.86 pounds per kilowatt-hour 
No extra allowance for banking fires. 
No charge for cost of make-up water. 

Cost of station complete, $166 per kilowatt................ seeas . $132,800 

Labor and supplies (12-hour shifts) per year..........6. cee cece eee 7,300 
PIZOGA CHALTOS POL YO aaa occ. occ oc csocs cece cvesercccecscscccesceseessesess 19,920 
Interest, 5 per cent.; taxes, 1.5 per cent.; running repairs, 1.5 per cent. ; 

sinking fund (15-year life) and executive, 7 per cent. ..............5 15 per cent. 


Depreciation here considered as sinking fund, based on 15-year 
life = 6.66 per cent. depreciation found at 5 per cent. interest, 
total depreciation and repairs, 8 per cent. 






















Unit, 


average load high because the fixed ex- 
penses are a smaller proportion of the total 
operating expenses, which, therefore, be- 
come more nearly proportional to the out 





70 per cent.; station, 39 per cent. 
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FIG, 2. LOAD CURVES, S00-KILOWATT STATION, DEC, I-7 FIG. 3. LOAD CURVES, SOO-KILOWATT STATION, JULY I 7 
Figures indicate per_cent. of station capacity. Average load factors Figures indicate per cent. of station capacity. Average load factors 


Unit, 57.8 per ceat.: station, 27.3 per cent. 


tion, the authors presented the charts, factors of both the 
Figs. 2 to 6, based on actual load condi- 
tions existing in a small gas-engine cen 


tral station 


generating units and 
the station are obtained by integrating 
the lying beneath the respective 
Thus. during December the sta- 


areas 


at Bradford, Penn., but com curves. 
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tion generated 39 per cent. of the possible 
capacity, and during July but 27 per cent. 
Similarly, during December the average 
turbine load was as high as 70 per cent. 
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ing to this load may be found from the 
steam-consumption curve of the machine, 
available from tests. 
proper boiler-plant 


Again, assuming 


operation, the coal- 
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FIG. 4. 


of its rating, and during July but 58 per 
cent. By operating three smaller units in- 
stead of the two sizes chosen, these per- 
centages might undoubtedly be improved, 
but not to great least 
hardly sufficient to the 
higher installation cost and the complexity 
of operation. 


any extent—at 


compensate tor 


Here is the starting-point of the real 
How best may the 
average load on the generating plant be 
raised above these low figures of 58 to 
70 per cent. of rating? The problem may 
first be approached by determining the 
variation in efficiency and cost of power 


subject of the paper: 





COST CURVE, S00-KILOWATT STATION, 


DEC. I-7 


consumption rate may be estimated within 
reasonable limits of better 
still, from actual tests on the boiler plant, 
making due allowance for standby losses 
of idle 


accuracy, or, 


boilers. With a given price of 
coal, the cost of fuel per kilowatt output 
of the thus widely 
varying quantity, decreasing as the aver 
age unit load This 
will, of course, become smaller as the effi- 


station becomes a 


increases. Variation 
ciency of all parts of the power plant in- 
creases —- boilers, turbines, auxiliary and 
electrical apparatus - light 


loads. 
In Figs. 4 and 5 


-especially at 


the station cost per 

















Cents per Kilowatt Hour 


Total Cost of Power- 
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FIG. 6. 


during various periods of the day—in fact, 


for each successive hour. Knowing the 
percentage of rating at which each unit 


is working, the water rate correspond- 


Station; Load fh actor + 


20 10) 4U 59 


EFFECT OF LOAD FACTOR ON COST OF PRODUCTION, 800-KILOW ATI 


-\verage Load 


Station Capacity 


1] 70 rt 


STATION 


kilowatt-hour of output is plotted for each 
hour of the day and divided up between 
the principal factors which enter into 


power cost. The curve of “Interest. De 


pest 


TRVE, SOO-KILOWATI 
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preciation and Repairs” covers taxes, in 
surance and such proportion of the execu- 
tive expenses as should be assigned to the 


station. For simplicity, repairs are here 


Depre, Tr 


tion 


Labor 





loi, | 2-1 


lime 


STATION, JULY I-7 


considered as fixed charges, to permit 
spreading over the term of years as an 
average rather than as a variable quantity 
increasing annually; hence, the proportion 


of fixed charges is, in these diagrams, 
somewhat larger than is usual in the avet 
age power plant 

In Fig. 4 the coal curve shows an 


abrupt change at 4:30 p.m., which 1s, ot 


course, due to the starting of the second 
unit, and is accompanied by a reduction 


in the unit-loading factor. Outside of 
these changes, however, the coal cost 1s 
fairly uniform. Labor and fixed charges, 
on the other hand, vary inversely with the 
station-load 
est in the early morning and lowest dur 
ing the evening peak. 

The fluctuations plotted in Figs. 4 and 
total 


cost of power at various periods of the 


factor, and hence are high 


5 represent the actual variation in 


day. It remains to plot these values in 
the form of Fig. 6 to appreciate their full 
significance. This shows that within the 
range of one day’s operation, the cost of 
production 
due entirely to the poor day loading. 


power varies 200 per cent., 
The 
remedy, obviously, is to smooth out the 
inequalities in the load curve as far as 
indicate that 


correction lie 


possible, and Figs. 4 and 5 


the periods requiring be- 


tween 1:30 a.m. and 3:30 p.m. in Decem 


ber, a.m. in July. 


obtained to 


and 1:30 and 7 p.m 


Obviously, loads cannot be 
just fill in special periods, but the humps 
labor 


smoothed down by increasing the general 


in the and interest curves can be 
day load. 
the 


power load and the method of analyzing 


Having indicated advantage of a 
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the conditions affecting it, the authors 
proceeded to discuss methods of increas- 
ing the number of power users; these 
relate almost entirely to commercial pro- 
cedure. 


The Small Station and 


Economical Operation 


its 


This paper, by Paul Spencer and J. T. 
Whittlesey, was practically a companion 
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nections from boiler to engines. The 
omission of a basement is primarily to re- 
duce cost, but it will also result in cheaper 
maintenance, as it is found that basements 
in such small stations usually become filled 
with rubbish which must be cleaned out, 
and the work of repairs on pipes in base- 
ments is greater than where they are 
placed overhead. Leaks frequently are 
allowed to exist, causing constant loss, 
which would otherwise be immediately 
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FIG. 7. GENERAL ARRANGEMENT FOR SMALL STATION—SECTION 


paper to the one by Messrs. Robbins and 
Bibbins. The authors discussed the con- 
trolling factors entering into the design 
and operation of central stations for sup- 
plying districts having a population of 
20,000 or less, and emphasized the fact 
that in such plants simplicity should not 
be sacrificed in an effort to obtain slight 
theoretical advantages in operating econ- 
omy which might prove mythical in actual 
experience. 

The site should have _ transportation 
facilities at hand and, if possible, a cheap 
supply of condensing water. The engine 
and boiler rooms should be parallel, in 
order to permit extension of either or 
both with minimum disturbance. The 
stack should be of brick rather than steel, 
for permanency. For a maximum load of 
about 1000 horse-power or under, a sim- 
ple non-condensing station is preferable 
on the score of easy handling and main- 
tenance; a plant so small cannot usually 
afford to employ men capable of operating 
a condensing plant so as to obtain the 
increased economy necessary to justify 
the cost of the additional equipment. For 
larger plants, condensing is usually ad- 
visable. 

Water-tube boilers and four-valve en- 
gines are recommended, the engines to 
drive the generators by direct connection. 
Alternating-current generators supplying 
polyphase currents at 2300 volts and 60 
cycles are advocated; the one class of ma- 
chines to be used for all classes of ser- 
vice, for simplicity in handling and econ- 
omy in making repairs or substitutions. 

Figs. 7 and 8 show a cross-section and 
plan, respectively, of the type of plant 
suggested. No basement is provided un- 
der either the boiler room or the engine 
room. The steam piping is all overhead, 
excepting the free exhaust lines from the 
engines, and the arrangement is such as 
to give the shortest possible length of con- 





noticed and stopped. While an ash hop- 
per and basement under the boilers keeps 
the boiler room clean and enables more 
rapid and easier cleaning of fires, it in- 
creases the cost of getting out ashes and 
gives additional space to be kept clean. 
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corresponding boiler equipment. This 
sketch is given simply to indicate the gen- 
eral features of the type of station recom- 
mended; the details, of course, would be 
altered to meet local conditions and re- 
quirements. It is assumed that the sta- 
tion is to be built to carry a maximum 
load of 600 kilowatts at the outset, and 
that this load will be increased at the rate 
of Io per cent. per annum compounded, 
and that the load-factor will be equivalent 
to 2200 hours per year for each kilowatt 
of the maximum demand. This station 
can be built at a cost of from $125 to 
$150 per kilowatt. 


OPERATION 


The operation of such a plant would 
require a minimum of labor and repairs. 
From experiences with similar plants, a 
total of six men is amply sufficient, in- 
cluding one chief engineer, two running 
engineers, two firemen and one fire-room 
helper. The hours which these men 
should work are shown in the accompany- 
ing table. By lapping the chief engineer 


TABLE OF WORKING SHIFTS. 
CGE COO vnc ccccce, cccnneses 10 a.m. to 8 p.m. 
Day assistant engineer........... 7a.m. to 7 p.m. 


Night assistant engineer......... 
WN MINI acca asderns.cnnenis:ecces 
ES CN oc cnccndasesnseeecs 
PSPOMIAN'S TOMDOE 00.00.06 cones scene 


7 p.m. to7 a.m, 
7a.m. to7 p.m, 
7 p.m. to7 a.m, 
1 p.m. tol a.m, 
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FIG. 8. GENERAL ARRANGEMENT FOR SMALL STATION—PLAN 
The additional cost is practically pro- and the helper, there will be four men i 


hibitive. 

The solid portion of Fig. 8 indicates the 
building as it would be constructed for 
immediate maximum 
load of 600 kilowatts, containing three 
300-kilowatt units; the future extension 
to take care of the growth in load for 10 
years is indicated by dotted lines, and 
consists of two 500-kilowatt units and the 


needs; namely, a 


the plant over the peak of the load. Th« 
overlap covers the afternoon hours, giving 
the chief. engineer the best opportunity t 
overhaul apparatus and providing him 
with the necessary help to carry on his 
minor station repairs. 


MAINTENANCE 


With the plant as described there should 
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Test "No 


Moisture. 


Volatiles. 
Duration 


Fixed Carbon 


‘SISATVNY ‘TVO;) 


Wet Coal Fired. 
pertHr.- Lbs 


‘TVOO 


Ash. 


1 


> 


Actual Water 
ee per Hr.-Lbs 


per Lb. Dry Coal. 


asna 


Factor of Evap. 
Per Cent. Combustible Corr. for Superheat 


in Refuse thro’ Grates. 


) GNV 
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asodayy 
‘oy 


WSNOSOM MESS go | Total Refuse. t Si pe So oe & yt ue 
BP OWOAUNAUOwON per Cent. Wet Coal. ibs. ; 


Peat Peet path ftp ff 
Om RMonmwnwwmwwty Total Test 


r= nor Ounonwe<¢ 
Maximum Hr 


Per Cent. Rating. 
Total Test 
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Test No. DSi i Or rho es es Per Cent. Rating. 
; Max. Hr 


1a 


OLA 


B.t.u. per Lb. Com- i. os catredh 1 Actual Water. 
bustible. SIS mis per Lb. Dry Coal 


10 GuwOo 


Absorbed in = Equiv. Water, 
Evap. Water in Boiler fe IDI per Lb. Dry Coal. 


Absorbed in retreat ete dte: Saquiv. Wate 
Superheating Steam. _ a. oe d 
¢ . S sD. ° y ea. 


IMOLS 


Total Absorbed in SNe 
Superheating & Evap. NNNWNWNNNWK — Equiv. Water 
C per Lb. Comb. Burned. 


Absorbed in Evap. 
Moisture in Coal. 


‘SLSHUL a 


Equiv. Water per 
Sq.Ft. H.S. per Hr. 
49 | Loss Due to 

Temp. of Flue Gases. 


‘1d 


Dry Coal Fired per 
Sa.Ft. G.S. per Hr. 
Loss Through 
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be practically no continuous repair work, 
with the exception of that required to 
keep the boilers in first-class condition. 
There will be but two single-cylinder slow- 
speed engines and one boiler-feed pump 
running during the heavy-load and peak 
period, only and 
feed pump for about 20 of 


engine 
hours 


and one one 
each 
day. 

As this is a non-condensing plant, the 
steam pressure will be low, which will 
make it possible, with a small amount of 
labor and attention, to keep the piping, 
valves, packings, and so forth, in perfect 
condition; there should be no excuse for 
their not maintained always at 
initial efficiency, even with the limited 
station force employed. When the engi- 
neer of a station is relieved of the care 
and annoyance ordinarily caused by con- 
densing apparatus, mechanical 
forced draft and other complications, his 
whole attention may be given to maintain- 
ing the efficiency of his boilers and en- 
gines and seeing that they are operated 
to the best advantage under the load con- 
ditions. 


being 


Points TO BE WATCHED 

The following particular points 
brought up as essential to the economical 
operation ‘of the station: 

In the engine room it will be important 
for the chief engineer to see that the capa- 
city in apparatus running follows the load 
curve as closely as possible. It is always 
desirable to run the units overloaded 
rather than underloaded, and the engi- 
neer should not be afraid of carrying his 
units up to their full overload point. 

The chief engineer should certainly 
have an indicator and take frequent cards 
so that he may know at all times the con- 
dition of his valves and cylinders and rem- 
edy any defects that may show up. 

But it is in the boiler room that the 
greatest possibility lies of wasting or sav- 
ing fuel and improving the station econ- 
omy. No positive rules for firing can be 
laid down in general, on account of the 
differences between fuels, and also on ac- 
count of the various methods of firing 
adopted by different men, which, if prop- 
erly carried out, may result equally well. 

The cutting in and out of boilers and 
banking of fires must be watched :s 
closely as the running of the engine room 
to make the boiler capacity meet the loads 
most economically. With most boilers of 
good design it is more economical to over- 
load them 25 per cent. above the builder’s 
rating, and in order to carry a short peak, 
to go to 50 per cent. or more overload 
rather than cut in an additional boiler. 
The slight falling off in efficiency of a 
boiler at these high ratings does not con- 
sume as much fuel as that required to 
keep one boiler banked in order to use it 
only a few hours a day. 


are 


The combined boiler efficiency, includ- 
ing the grate and heating surface, can be 
kept up to the highest point only by con- 


stokers, , 
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stant attention to the condition of the 
boiler setting and the tubes. Draft gages 
and thermometers, which cost but little 
and are very simple to use, will give the 
engineer exact information with regard 
to the condition of the boiler and help 
the firemen to get the best out of the 
boiler and the coal. A thermometer 
should be installed on the feed-water line 
into the boiler and draft gages on the up- 
takes and immediately over the fire. A 
high-reading thermometer for getting flue 
gases should be by the engineer 
occasionally to tell him the temperature of 
his flue gases, which will be a guide on 
the efficiency of the boiler. Periodical 
readings of the draft at different points 
through the boiler should be made to de- 
termine the loss of draft and see if the air 
leaks are excessive. 

One great source of loss of boiler effici- 
ency is the bad condition of boiler-setting, 
cracks around drums and other points in 
the setting which admit cold air, decreas- 
ing the draft and lowering the tempera- 


used 
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Some Experiments in Combustion 


In a paper having the above title, S. J. 
Lenher described the Taylor gravity un- 
derfeed mechanical stoker, brought out by 
the American Ship Windlass Company, of 
Providence, R. I., and gave the results 
of twelve tests made with this apparatus. 
These are contained in the table on page 
g19. The author also described briefly 
the chief characteristics of the sprinkling 
or shovel-feed stoker, the overfeed type, 
the chain-grate and the underfeed type of 
mechanical stoker: these are too familiar 
to readers of Power AND THE ENGINEER 
to justify repetition here. 


Low Pressure Turbines 


The advantages derivable from the use 
of low-pressure turbines in conjunction 
with non-condensing reciprocating en- 
gines, were brought out forcefully by J. 
W. Kirkland in a paper of the above title. 
The author pointed out the reasons, now 
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COMPARED WITH RESULTS WHEN 
available from the stack, so that even with 
a very bad condition in this respect ample 
draft is still obtainable for burning the 
coal as fast as is required. This results 
in a continuous loss unknown to the engi- | 
neer, unless investigation with draft gage 
or by torches is made, as suggested. The 
advisability of keeping boilers clean is too 
well known to require discussion. 

Complete records should be kept of all 
vital performance factors—coal and oil 
consumption, water evaporation and ash 
production for each hour of the day, or 
at least each load period. The output of 
each generator should be recorded by an 
integrating watt-hour meter and load and 
voltage fluctuations recorded by corre- 
sponding meters. 

In the discussion of the paper, Harold 
Almert, of Wichita, stated that 
by the intelligent cutting in and out of 
boilers and generating units, and thereby 
keeping the unit load factor well up in a 
certain plant, a saving of 40 per cent. in 
the cost of energy per kilowatt-hour was 
effected. 


Kan., 


USED WITH LOW-PRESSURE TURBINE 


it is not economical to try for extreme 
expansion in a reciprocating engine and 
why it is worth while utilizing the lower 
end of the pressure range with a turbine. 
He also explained that it is much easier 
to maintain a high vacuum in a turbine 
than in an engine, because the air leakage 
is much smaller. The burden of the argu- 
ment was that a good non-condensing 
engine and an exhaust-steam turbine give 
better economy than a straight-condensing 
engine. As an instance of this were cited 
tests of a compound Rice & Sargent en- 
gine running and non-con- 
densing. Fig. 9 gives the results of these 
tests and also indicates what could be ob- 
tained by an exhaust-steam 
turbine with the engine when operated 
non-condensing. 

to state that the 
work condensing. 
to a 1200-kilowatt 
rate of 32 pounds, 


condensing 


combining 


It is scarcely necessary 
turbine is supposed to 

The engine, coupled 
generator, had a water 
non-condensing, and 23 
pounds when condensing with 28 inches of 
vacuum. At full load (1200 kilowatts), 
non-condensing, this engine discharged 
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which (due allowance being made for pounds with the engi 


about 34,400 pounds of steam per hour, pounds as against 1200 kilowatts at 23 
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. 


ne alone. 


moisture), is capable of developing in a Comparing the water-rate curve of the 


well-designed low-pressure turbine 1000 engine run on the co 


ndenser direct with 


kilowatts. At full load on the engine, that showing the combined performance 
therefore, the low-pressure turbine would of engine and low-pressure turbine, it is 


give a gain of 83 per cent., and, as will be evident that with the 


. INSTALLATIONS OF 300 HORSE-POWER AND OV 


WESTINGHOUSE MACHINE COMPANY 

Total of 64 installations, the units of which are of 300 horse-power and over, c¢ 
38 engines running on natural gas with an aggregate horse-power of 

20 engines running on producer gas with an aggregate horse-power of 

2 engines running on coke-oven gas with an aggregate horse-power of 

1 engine on petroleum gas with a horse-power of. 

2 engines running on blast-furnace gas with an aggregate horse-power of 

1 engine running on illuminating gas with a horse-power of 


Making a total horse-power of. 


DE LA VERGNE MACHINE COMPANY 
Total of 4 installations, consisting of: 

2 engines running on natural gas with an aggregate horse-power of . 

8 engines running on blast-furnace gas with an aggregate horse-power of 
3 engines running on producer gas with an aggregate horse-power of 

1 engine running on natural gas with an aggregate horse-power of 


Making a total horse-power of . 


INDUSTRIAL GAS COMPANY 
1 producer plant with a horse-power capacity of. . 


POWER AND MINING MACHINERY COMPANY 

Total of 28 installations of 300 horse-power and over, consisting of: 

19 installations running on bituminous coal with an aggregate horse-power of 
4 installations running on anthracite coal with an aggregate horse-power of 
5 installations running on wood, lignite, and so forth, with an aggregate hor: 


Making a total horse-power of... 


WILE POWER GAS COMPANY 
1 producer installation with a horse-power of 


STRUTHERS-WELLS COMPANY 
Total of 3 installations with an aggregate horse-power of . 


R. D. WOOD AND COMPANY 
1 producer installation running on anthracite coal with a horse-power of 
1 producer installation running on bituminous coal with a horse-power of 


Making a total horse-power of. . 


SNOW STEAM PUMP WORKS 

Total of 23 installations, consisting of: 

13 installations running on natural gas with an aggregate horse-power of 

1 installation running on crude oil with a horse-power of 

1 installation running on illuminating gas with a horse-power of 

4 installations running on producer gas with an aggregate horse-power of 


Making a total horse-power of 


same steam flow as 


ER 


MISISting OF: 
30,208 
16, 780 
57 5 
2000 
21,100 
2,210 


73.873 


400 
8,000 
1,500 

600 


10,500 


750 


35,125 
5,800 
se-power of 12,250 


53,175 
300 
3,400 
500 


500 


1,000 


$5,420 
16,200 
3,000 
7,420 


72,040 


Of the above number of installations 13 are used for pumping natural gas. The 


aggregate horse-power of these is 38,580. 


’ ALLIS-CHALMERS COMPANY 

Total of 13 installations, consisting of: 

9 installations running on blast-furnace gas with an aggregate horse-power of 
3 installations running on producer gas with an aggregate horse- nn r of. 

1 installation running on natural gas with a horse-power of 


Making a total horse-power of 


The above gives a grand total of 139 installations with a1 
power for engines and producers divided as follows: 


ENGINES 


Natural gas... 
Producer gas. . 
Blast-furnace gas... 
Illuminating gas... 
Crude oil... ... 
Petroleum... . 
Coke-oven..... 

Gas not known. . 


Making a total of.. 
PRODUCERS 
Bituminous coal. 
Anthracite coal. 
Wood, lignite and so forth. 
Fuel not known. 


Making a total of 


seen by the curve, the engine and turbine for 1200 kilowatts 


1 aggregate horse 


Horse- 
Power. 
77,063 
28,850 
48,815 


$; 400 
183,113 


Horse- 
Power 
35,625 
6,300 
12,250 
1,050 


condensing, an in 


would have a joint net water rate of 16 creased output of 33% per cent., or 400 


pounds per kilowatt-hour. This is to be kilowatts, is secured. 
‘ompared with the water rate of about 23. is clear gain. 


All of this power 


pounds for the engine alone when it is A condensing engine that is fairly eco- 


run condensing at 1200 kilowatts; 2200 nomical at full load 
‘ilowatts can, therefore, be secured with reverse at either und 
he combination at a water rate of 16 other words, its limit 


is usually quite the 
er or over load; in 
s of load for good 
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economy are quite restricted. For in 


stance, in Fig. 9, with an increase of 


> 


un 


per cent. in load the water rate, condens 
ing, increased four pounds per kilowatt 
bone (from 22 to 26). Since the effici 
ency of a good low-pressure turbine 1s 
uniform throughout a large range of load, 
the combination of engine and turbine will 
produce a very flat economy curve; in 
fact, this curve shows that the combined 
water rate varies only from 15.5 to 10.5 
pounds throughout a range of from 1500 
to 2500 kilowatts his consideration is 
of great importance to central-station 
practice, because it is rarely possible to 
run engines at anything like constant load, 
and it is not at all unusual that a station 
made up of several units, each of good 
efficiency, has a total water rate of from 
25 to 40 per cent. more than that of each 
engine at its best. 

In general, it is possible to operate any 
reciprocating condensing engine at at least 
full-load non-condensing, with from 25 to 
30 per cent. increase in steam flow over 
its condensing rate, or at 75 per cent. of 
rated capacity, without increased flow. A 
low-pressure turbine may use the ex 
hausted steam, at slightly above atmos 
pheric pressure, to such good advantage 
as to get 30 to 4o per cent. additional 
power without increased fuel cost, or 8o 
to 100 per cent. more power with an in 
crease of coal consumption of from 40 
to 50 per cent. This is the situation as 
to a condensing engine; as to a non-con 
densing engine the gain in capacity will be 
from 8o to 100 per cent. without any in 
creased fuel cost at all 

Very many stations are running non 
condensing with a water rate around 35 
pounds, because a gain of 25 per cent. in 
economy does not warrant the expense of 
installing condensing equipment. Since a 
gain of almost 50 per cent in economy is 
possible by means of low-pressure tur- 
bines and the output of a plant may be 
thereby practically doubled without in- 
crease of boiler capacity or coal cost, it is 
evident that a very great investment 
would be warranted—or, in fact, dictated 
—by all considerations of economy. 

The first cost of the additional peak 
capacity secured by low-pressure turbines 
is, as has been stated, much less than that 
involved by additional high-pressure gen- 
erating apparatus. Either no additional 
boiler capacity is required, or, if it is re- 
quired, it is often so insignificant that 
existing boilers can be forced sufficiently 
to meet the demand. Additions to land 
and buildings will not be necessary in 
many instances. Little or no rearrange- 
ment of plant will be required except, per 
haps, as to exhaust mains. No additional 
high-pressure steam pipe will be neces 
sary. If cooling-towers have to be put 
in, their cost per kilowatt of added capa- 
city will be less than half that of the boil 
ers that would otherwise be required 

In conclusion, the author called atten- 
tion to the low-pressure turbines in the 
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stations of the Philadelphia Rapid Tran- 
sit Company, the Scranton Traction Com- 
pany, and the East St. Louis & Suburban 
Company. 

In the ensuing discussion, W. S. Bar 
stow cited an instance of plant increase 
by an exhaust-steam turbine in a cement 
mill. A Corliss engine of 3000 horse 
power was supplemented by a low-pres 
sure turbine-generator rated at 800’ kilo- 
watts and the unit had frequently carried 
1100 kilowatts during the peak load. Mr. 
Barstow also pointed’ out that unless a 
high vacuum can be maintained, an ex 
haust-steam turbine is impractical. W. L. 
R. Emmet stated that condensers built in 
the bases of the turbines always showed 
higher vacuum than separate condensers, 
because of the lesser opportunities for 
leakage. 

This statement was borne out by the 
turbines at the Fisk street station of the 
Chicago Edison Company, which 
visited on the same day that Mr. Kirk- 
land’s paper was read. The base con- 
densers all showed from 28% to 2834 
inches, and the detached condensers from 
2714 to 28 inches of vacuum. 


Reports on Gas Engines 

A committee was appointed last year to 
investigate the gas-engine situation with 
respect to central-station requirements. 
The committee presented a voluminous re- 
port at this convention, consisting almost 
entirely of descriptions of engines and 
producers built by the leading American 
manufacturers. All of these have been 
described in Power AND THE ENGINEER, 
excepting one or two engines by new- 
comers in the gas-power field, whose de- 
signs can scarcely be said to have attained 
fixed standards as yet. The various 
methods of governing were also described 
in general terms. An interesting sum- 
mary of installations of 300 horse-power 
or over was given, as per the accompany- 
ing table. 

The conclusions of the committee were 
that installations of the character that 
would have bearing on _ central-station 
work have not been in service long enough 
to furnish operating data of value; that 
large gas engines have been used long 
enough to demonstrate that continuous 
service is obtainable; that engines of 
standardized designs are available in sizes 
ranging up to 5000 horse-power; that 
builders are at variance as to ratings, 
making it difficult for a prospective buyer 
to draw comparisons; that speed regula- 
tion has-been perfected so that the most 
reliable builders are willing to guarantee 
parallel operation of either 25-cycle or 60- 
cycle alternators, and that the producer 
has not reached a stage of development 
corresponding to that of the gas engine. 


was 


Self Synchronizing of Alternators 

Prof. Morgan Brooks presented a brief 
paper in which he explained his system of 
paralleling alternators. This consists 
merely of providing a coreless reactance 
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coil in series with the generator to be cut 
into the circuit, and closing the switch to 
the bus-bars. It matters not whether the 
incoming alternator be in step with the ma- 
chines connected to the bus-bars or not; 
the switch can be closed regardless of 
synchronism and the machine will be 
pulled into step with relatively small cross- 
currents. The local Edison company pro- 
vided means for demonstrating the device, 
and this was done at the reading of the 
paper. A 200-kilowatt 25-cycle alternator 
was connected up to the bus-bars of one 
of the Edison power stations several times 
under widely different conditions, the in- 
struments indicating the 
located* in the convention 
nected to the alternator and_ bus-bars 
through heavy cables. Instructions were 
telephoned from the hall to the switch- 
board operator in the station and he made 
When the 


alternator was connected to the bus-bars 


results being 


hall and con- 


the connections accordingly. 
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christ, of Chicago. Executive committee : 
Chas. L. Edgar, of Boston; Alex. Dow, of 
Detroit; Arthur Williams, of New York; 
R. M. Searle, of Rochester, N. Y. 





A Large Hoppes Feed Water 
Heater 


The accompanying illustration is a_re- 
production of a photograph of a 20,000- 
horse-power feed-water heater built by 
the Hoppes Manufacturing Company, of 
Springfield, Ohio, for the Youngstown 
Sheet and Tube Company, of: Youngs- 
town, Ohio. This is what the manufac- 
turers call a class T, type H heater, the 
first symbol denoting that the shell is all 
cast iron and the latter that the lower 
half of the shell is reserved for water 
storage, a type intended primarily for 








HOPPES FEED-WATER HEATER 


30 degrees out of the ammeter 
showed a momentary current flow of less 
than one-sixth the full-load current of the 
machine; cutting in when 120 degrees out 
of step produced a synchronizing rush of 
about one-fourth full-load current, and 
cutting in at 180 degrees—the worst pos- 
sible condition—produced a rush of less 
than two-thirds of the full-load current. 
The machine fell into step after two and a 


step, 


half cycles had elapsed. 


NEw 


The election of officers, on the final day 


THE OFFICERS 

of the convention, resulted as follows: 
President, W. C. L. Eglin, of Philadel- 

phia; first vice-president, Frank W. Frue- 

auff, of Denver, Cclo.; second vice-presi- 

dent, W. W. Freeman, of Brooklyn, N. Y.; 

and John F. Gil 


secretary treasurer, 











EN ROUTE TO YOUNGSTOWN 

situations w \ere the heater would be 
liable to external corrosion, as in connec 
tion with surface condensers. 

The pans used in this heater are of cast 
iron and multitrough-shaped. The ex 
haust steam from the auxiliaries alone is 
used and enters the heater from the rear 
end through a 30-inch pipe. Some idea of 
the immense capacity of the heater may b: 
realized by noting the size of the 12-inch 
water inlet valve, which is of the double 
The actuat 
ing stem is on the outlet side. The floa 
diameter. The water 
distributed from the main supply by fiv 
branches entering the heater, each branc! 
being divided into two inside, making te! 
points of the feed-troughs 
These heaters are built in sizes of fron 


beat, balanced, poppet type. 
is 17 inches in 
delivery to 


50 to 30,000 horse-power. 
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Fly-wheel Wreck at the Waukegan 
Light Plant 
The bursting of a fly-wheel at the plant 


of the North Shore Electric Light Com- 
pany, at Waukegan, IIl., shortly before 








REMAINS OF WRECKED WHEEL 


midnight on April 27, caused the death of 
two men, the injury (perhaps fatally) of 
two others, and the complete wreckage of 
the power plant. The wheel was 20 feet 
in diameter and 44 inches face, cast in two 
sections, as shown by the photographs. Its 
rim was 3% inches thick and it weighed 
nine tons. It was mounted on an engine 
of the Corliss type and revolved normally 
at a speed which was amply safe. 

Just before the accident occurred the 
main driving belt on the fly-wheel began 
to slip. The slipping generated sufficient 
heat to burn the belt in two. The engine, 
being then free of its load, raced and the 
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One of these men was the manager of the 
Waukegan Telephone Company. The en- 
gine was equipped with a speed-limit de- 
vice, but it failed to operate. 

The brick wall of the electric plant and 
also the brick walls of the adjacent ice 
factory were crushed as if they were so 
much paper. Pieces hurled the distance of 
a block crashed through a hotel. Luckily 
none of the occupants was injured. 

The property loss is heavy. It is stated 
by one newspaper to have been $30,000 
and by another $135,000. 

The North Shore Electric Light Com- 
pany had no_ insurance 
against a loss of this kind. 


protecting it 





Two Ways of Patching a Boiler 


A certain horizontal return - tubular 
boiler was patched, and after a time it 











noticed that the rivet holes on the 
circumferential side of the patch were 
cracking out to the edge of the plate, as 
shown in Fig. 1 at CCC and at C’C’C’. 

At the first opportunity the patch was 
removed and the plate cut away as shown 


Was 


Fig. 1; it is also safer, as there are 
practically no longitudinal seams single 


riveted. 





Apparatus for Measuring Temper- 
ature in Gas Engine Cylinders 


At a recent soirée of the Royal Society, 
Professors H. L. Callendar and W. E 
Dalby showed a large number of optical 
diagrams from gas engines; but of greater 
interest was an apparatus for measuring 
the temperature in various parts of gas 
engine cylinders. It consisted of a plati 
num wire 0.001 inch in diameter, held in a 
shield, and pushed into the cylinder 
through the center of the exhaust valve, 
by a cam, at any part of the stroke. A 
contact-maker driven by the _ lay-shaft 
momentarily closed a circuit through the 


Area of Previous 


Patch 





wire, and enabled its resistance, and there 
fore its temperature, to be noted at any 
desired moment. Unfortunately, platinum 
will not stand the maximum temperature 
of explosion, but .the small part of the 
diagram that cannot be measured can be 
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rWO VIEWS OF 


fly-wheel was burst by centrifugal force. 

Pieces of the heavy fly-wheel were 
hurled through one of the walls of the 
electric plant and then through both walls 
of an adjacent ice factory, carrying with 
them two men, who were killed instantly. 


WRECK CAUSED BY BURST FLY-WHEEL AT 
in Fig. 2. Here it will be seen that the 
patch has no two rivets in a longitudinal 
seam, as the shape of the patch forms a 
seam more of the circumferential nature 
than otherwise. This shape of patch is 
much more preferable to that shown in 


WAUKEGAN, ILI 


A thermometer of the 
same kind was shown in a glass bottle, 


easily calculated 


and was so sensitive that the increase of 
temperature due to the compression of air 
in a rubber bulb by the touch of a finger 
was easily seen—The Engineer 
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POWER AND THE ENGINEER. 
A. Justification (>) 


One of the Massachusetts examiners of 
engineers complains through a friend that 
the statement made upon page 503 of the 
March 31 number, that one of the best 
equipped, most competent and successful 
operating engineers in New England was 
refused a license, is not correct, inasmuch 
as the examiner did offer him a second- 
class license. In so far as this is any 
justification for the examining engineer, 
we are glad to publish it; but it yet re- 
mains to be explained upon what ground 
a man with the experience of the applicant 
in this case, a man who knew so much 
more than the examiner that he would 
not accept the examiner’s dictum that a 
Corliss engine could not cut off over one- 
half stroke, etc., an eminently safe man 
to take care of a plant, than whom no 
safer could be found, was refused the 
first-class license for which he was being 
examined, and which he _ needed for 
the position which he sought to fill. 
If the applicant had known as much 
about human nature as he does about 
engineering, he would have answered 
in the way it was evident that the inspec- 
tor wanted him to answer and got his 
license. If he wanted to argue it out with 
the inspector afterward, it would simply 
have been a question of whether it was 
worth the while. 





The Necessity for Vigilance 


There are some engineering faults 
which are so obvious that it would seem 
unlikely that they would be encountered in 
practice; yet it is a fact that when the 
actual work of installation is being done 
many of these will creep in. Recently, in 
a Western city, there came’ under our 
observation the case of a boiler setting 


which, in addition to serving its ordinary 


purpose, was also required to support a’ 


part of the roof of a good-sized boiler 
house. The setting had given trouble 
from the start and at the time referred to 
repairs were being made. 

On removing some of the brickwork, it 
was found-that the boiler was dangerously 
near sliding from its support on that side 
of the setting, and had this happened, it 
might easily have resulted seriously. One 
of the worst features in cases of this kind 
is the fact that the parties who put up the 
work, or who are responsible for its being 
put up, are seldom the ones to suffer from 
the faulty construction; it being left for 
the operators of the plant to take the risk. 

There are many places about a steam 
plant where distress may occur and where 
it may not be so readily apparent as in this 
case. This goes to show that the engineer 
should constantly keep his eye open for 
undue strains in the apparatus under his 
control, and incidentally that a boiler set- 
ting should carry no other weight than 
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that of the boiler itself, or, better still, the 
boiler should be supported by an inde- 
pendent steel framework, leaving for the 
brickwork its rightful purpose of exclud- 
ing air from the setting. 





Overloaded Engines 


Presumably one-half of the engineers in 
steam plants having a capacity of less than 
one hundred horse-power will each be of 
opinion that his engine is overloaded. This 
opinion is formed partly because of the 
knowledge that additional machinery has 
been added, and partly because the boiler 
steams harder than formerly. These con- 
ditions, however, do not mean that the 
engine is overloaded. 

Others claim that an engine is over- 
loaded when it refuses to carry its load 
without slowing down, but even this is not 
proof of an overload; much depends upon 
the steam pressure carried. 

Others base their opinion on the fact 
that most engines are designed to carry 
their most economical loads while cutting- 
off at one-fourth stroke. If an engine can 
maintain full initial pressure for one- 
quarter stroke, can it not maintain 
full initial pressure for one-half stroke, 
and thus obtain an increase in the 
neighborhood of thirty-two per cent. of its 
rated horse - power? The economy may, 
and probably will be, reduced, but as 
far as most steam plants of this size are 
concerned, the difference in the economical 
operation would hardly pay for the cost 
of a larger engine capable of doing the 
work at one-quarter cut-off. 

Others maintain that an engine is over- 
loaded when its reciprocating parts heat. 
Here, again, conditions govern the facts. 
The engine parts may have been designed 
altogether too light for the horse-power 
to be developed from the size of cylinder 
furnished, and while the cylinder is of 
sufficient dimensions to produce a given 
horse-power at one-quarter stroke, the 
parts fail to stand the strains and show 
their distress by heating. While this may 
be true of one engine another may be per- 
fectly able to carry a load considerably 
greater than its rated capacity without 
heating, but give trouble in this direction 
when the excess load is applied for a 
long period. This is so when the point 
of cut-off is prolonged and the pressure 
of the piston exerted upon the crosshead 
and guides is increased. 

Authorities tell us that the friction load 
of an engine is not affected by the load. 
The work required to overcome the in- 
ternal resistance of the engine, the differ 
ence between the indicated horse-power 
and the power delivered to the shaft, is 
converted into heat, the heat of friction. 
If it is true that the friction of an engine 
does not increase with the load there will 
be no more heat developed in the guides, 
bearings, etc., with a heavy load than with 
a light load. As a matter of fact, while 
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the stresses may be 
efficient of friction 
load, the stresses 
the motion of the 


no greater, and the co- 
no more with a heavy 
are longer continued, 
valve is often greater, 
there is more work done to be converted 
into heat and to radiated and dissi- 
xated by the frame, bearings, crosshead 
guides, etc. 

From a mechanical standpoint an engine 
is overloaded when it cannot carry the 
load without heating. From the stand- 
point of steam efficiency an engine is over- 
loaded when the cut-off occurs at a point 
later than that at which the engine will 
operate with the least steam consumption 
per horse-power delivered. 


be 





License Laws 

The constitutionality of an engineer's 
license law which grades or classifies the 
license has been questioned, but the right 
of the public to protect itself from the 
results of ignorance and incompetence in 
the operating of potentially dangerous 
machinery cannot be questioned. It is not 
only a right of the public to do this, but a 
duty, and the law-makers of a common- 
wealth who neglect to enact laws that if 
enforced will perform this duty are re- 
sponsible for the loss of life and destruc- 
tion of property that follow such neglect. 

Much dissatisfaction is felt in States 
where engineers’ license laws exist, not 
because of the law itself, but because of 
the manner of its administration. Charges 
of discrimination against capable men by 
examiners and charges of favoritism 
toward others less worthy are frequently 
heard and not all of them are from dis- 
gruntled applicants for license, but many 
from reputable business men and consult- 
ing engineers. As a rule, the real engi- 
neer, or the man who expects to become 
one, is patient, persistent and courageous, 
and one or more failures will not dis- 
courage him. He pockets his defeat and 
starts again with a dogged determination 
to win, and win he does in the end. 

' One of the points presented in favor of 
a license law is that it will compel appli- 
cants to study, thus making them better 
educated men and better engineers. This 
is a fallacy; the real engineer loves his 
work and he strives not for the license, 
but to fit himself for the highest position 
possible in his vocation, and no spur in 
the shape of a license law will add to his 
efforts to perfect himself in the knowl- 
edge of his calling. 
the law to aid in 
value 


value 


He does not 
arbitrary 


expect 
placing 
services, but 
for every 
that if 
of 
nly one grew before is the world’s bene 


an 
to give 
that 


man 


aims 
dollar 
the 


on his 
he 


who 


received 
He feels 
two blades 


gets. 


makes grass grow where 
factor, so also the engineer, who by his 
knowledge of combustion and the rela- 
tion of grate area to heating surface, by 
his knowledge of loss by radiation, by his 
knowledge of proper steam distribution in 
the cylinder of his by his 


engine, and 
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of friction and_ lubrication, 
makes one pound of coal do what before 
took two pounds, is the world’s benefac- 
tor, for he lightens the toil of others and 
adds to the world’s wealth. Engineers of 
this class are plenty and are found as 


knowledge 


often in States where license laws do not 
exist as anywhere else 





Value of Publicity in Case of 
Accident 


the text of a 


ceived to a telegram 


Following 1s reply re 
sent to a special 


correspondent asking for particulars of 


an accident in a steam plant: 


Your telegram requesting photographs 


and particulars of steam-pipe explosion 
received. 

Am very sorry that I cannot comply 
with your request, as I am employed by 
eer errr and would 
not be permitted to give you any in- 
formation of the accident. Would also 
say that photographs cou'd not be given 
you by anyone; the company will not 


allow it. 
Much may be learned from the mistakes 
of others, and 
the result of 


an accident is frequently 
a mistake. Refusing infor 
mation as to the cause of an accident is a 
virtual sealing of one source of knowl 
edge, which if universally followed would 
soon show results in decrease in the effici 
ency of men and machinery. Expansion 
in every industry would be limited to the 
narrow field of individual experience for 
sources of knowledge and incentive for 
advancement, a condition much to be de 
plored. Modern com 
plex that the simplest accidents may have 
a world-wide influence. Men and indus- 
tries are so interdependent that that which 
affects one is the concern of all, and it is 
the duty of society to insist upon the full- 
est publicity in all of 
from any cause whatever. 

That which menaces life in one plant 
will do the same thing in another if con 
ditions are similar. An in 
struction in one plant may be copied in 
another and when failure denial 
of information may, and probably will, 
cause a repetition of the same accident, 
which under a system of publicity would 
probably results 
the not 
the continuous practice of repeating them 

Much dissatisfaction is shown by thos« 


civilization is so 


cases accidents, 


error 


con 


occurs, 


avoided. Progress 


of 


be 


from correction mistakes, in 


with a 
the 
investigation reveals either carelessness or 
the 


who are in any way connected 


plant where an accident occurs if 


ignorance in design operation. 
That 


sion. The public is entitled to know every 


or 


this 1s wrong admits of no discus 


detail that may possess even an element of 
1- 


danger to its helpless members and pro 
tect itself therefrom, just as it would from 
disease or a_ polluted 
those 


who prevent the spread of useful knowl- 


contagious 
and 


water 
supply, men or corporations 
edge of the cause of accidents by prevent 
ing investigations are hindering progress 
along the lines conducive to safety of life 


and property. 








Danger from “ Scrubber” Liquor 


A danger that may become pronounced 
is contamination of boiler feed-water by 
Such 


become common, but 


gas liquor. contamination has not 


yet there is a pos 
sibility of it with the increasing number 
of producer gas-power plants where the 
water flowing from the scrubber escapes 
into the feed-water This danger 


applies in particular to instances where 


supply. 


feed-water is obtained from ponds or 
rivers. 

According to a recent issue of the 
Vanchester Guardian, a new boiler de 


signed to carry a pressure of 135 pounds 


per square inch and operating at about 
before it 
the 


one-half that pressure, gave out 
had 


nearest 


been in service one year, tubes 


the water level having corroded 


in places to less than 1/16 of an inch in 


thickness, due to gas liquor from a gas 


pre xlucer scrubber. 


Feed-water for boilers should — be 


analyzed at intervals, especially where 


there is a possibility that the water may 
become contaminated by acids or chemi 
cals which would have a_ deteriorating 


effect upon the tubes and sheet. 

A water supply does not of necessity re 
quire to be thick with refuse to be injuri 
ous; in fact, the composition of the tubes 


and plates has much to do with the ease 


with which a deteriorating action may 
take place. 
In one instance the feed-water for a 


pumping station was taken from the pond 
from which the pump fed, the water being 
eminently suitable for domestic use, and 
yet in less than nine months the tubes had 
become so badly pitted that they were of 
necessity replaced. 

If attention the 
feed-water supply when installing a steam 
plant, and to keeping it free from harm- 
ful influences, there would he fewer boiler 


more were given to 


repairs to contend with. 





On May 28 President Roosevelt signed 
a_ bill 


coal deposits in the Territory of Alaska.” 


“to encourage the development of 


The bill provides, among other things, 
that the Government shall be permitted to 
buy coal at its own price, and it forbids 
any corporation or individual to own more 
\laska. 
That is, if a corporation decided to begin 
the of of 
acres, and a 


additional 


than 2560 acres of coal lands in 


an 2500 
later wished to 
shall 


such a 


mining coal on area 


few vears 


buy an area, it not be 


permitted to do so. To mak put 


owner is willing and 
al le to 


would-l« 


chase, even when the 
al le sell 


holdings himself, th« 


to and is not work his 


purchaser 
will pay the penalty of forfeiting to this 
holdings 


Government his original 


There have been discovered in Alaska 
two great areas of coal, and examination 
by the United States Geological Survey 


has shown that the coal is superior to any 
found west of Pennsylvania and is even 
famous steaming coal of 


better than th« 
West Viremia 
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Power Plant Machinery and Appliances 


Original 
No 


Manufacturers 


of 
or 


Descriptions 


Cuts 


Power 
Write-ups 


Devices 


Used 





MUST BE NEW OR 


A New Mechanical Stoker 





A new mechanical stoker, designed not 
only automatically to feed fuel to the fur- 
nace, but also to turn the fuel completely 
over several times during its passage to 
the furnace, is illustrated herewith. The 
object of bracing up the fuel is to form a 
light, open fire, and thus secure prac- 
tically complete combustion. 

A longitudinal section of the stoker is 
shown in Fig. 1, the fuel being deposited 
by coal-conveying machinery (or by 
hand) in the hopper A, in the bottom of 
which is a reciprocating plunger B, oper- 
ated by an eccentric which feeds the coal 
from the hopper through the coking retort 
C to the grate-bars. As the plunger and 
coking retort are made the full width of 
the furnace, an even supply of fuel is fed 
to the grate. 

The grate is composed of a set of fixed 
and moving bars, placed transversely in 
the furnace. A narrow fixed bar D sepa- 
rates the moving bars E, Ff, G, H and J. 
These ‘bars are actuated by means of the 
endless chain K, to which are attached 
two tipping-wheels L. This endless chain 
is located under the grate-bars and passes 
longitudinally through the full length of 
the furnace. As the tipping-wheels pass 
over the back chain-wheel, they come in 
contact with the end fire-bar E, the chain 
passing toward the front of the furnace, 





INTERESTING 




















Ash-pit 


FIG I SHOWING 


tilting the bar E so that the face is ver 
tical to the grate. This throws the incan- 
descent coke into the combustion chamber 
M. The moment the tipper passes, the 
erate-bar falls back into its original posi 
tion with the grate. 


The tipper then passes to the bar F, 
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FIG. 2. PLAN OF 


STOKER AND FURNACE 


\CTION OF 


TIPPERS AND GRATE-BARS 


turning the fire completely over onto the 
bar &, and then to the bar G, turning the 
fire over onto the bar F, the turning pro 
cess occurring each time one of the tip 
pers encounters one of the bars. When 
the tippers are past the bar J, the grate 
bars are at rest until the tippers travel to 
the back of the furnace to the fire-bars F 
again, when the operation is repeated 
The speed of the tipper-chain K can be 
regulated by shifting the driving belt on 
the cone pulley. It is stated that only % 
horse-power is required to operate it 
With ordinary soft coal it should take 
20 minutes for the fuel to pass from the 
hopper to the combustion chamber M 
This would necessitate five complete revo 
lutions of the tippers and chain. 

A plan of the furnace is shown in Fig 
2. The extent of the movement of thi 
grate-bar depends upon the size of th 
furnace and other conditions. A small jet 
of steam is allowed to enter ‘the back bo» 
where, becoming superheated, it passes 
through the steam port into the incandes 
cent coke in the combustion chambe! 
Here it is split into elements and burns as 
a hydrocarbonaceous water-gas flame. 

A fire-brick arch at the front end of th: 
furnace facilitates the coking of the fresh 
fuel as it enters, and the combustion 0! 
the volatile gases. A stoker which does 
these things successfully should be found 
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nost suitable for marine work. It is 
the invention of Leslie Dunn, McKinley 
venue, East Orange, N. J. 


An Analyzing Outfit that Anybody 
Can Use 





The test case shown herewith is de 
signed to enable the man in charge of 
boilers to determine whether too much 


1r too little soda is being used in the feed- 
water; and better than this, how much 
more or should be used. The ap- 
paratus is mounted, as shown in the re- 
produced photograph, Fig. 1, and in 


less 


sec- 
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trolled to a drop by placing the finger 
over the vent. This gives a solution of a 
definite proportion of the reagent, proba- 
bly methyl orange, with the water to be 
treated. The cocks C, D and E are now 
opened and the liquid passes from tube 1 
to tube 2 the filter paper, but, 
on account of the fact that the top of the 


through 


tube is closed, the liquid will not rise in it 
higher than the end of the pipette P. 
After the liquid has reached this level, 
the cock D is closed and the pipette with 
the excess liquid which has arisen in it 
removed, the liquid being prevented from 
flowing back from the pipette by closing 
the cock C or 
the upper end 


keeping the fingers over 

















FIG. I. SHOWING ANALYZING 
tion in Fig. 2, the glass tubes 7 and 2 
being supported in an aluminum base, a 
passage through which connects the two 
stands. The right-hand stand is arranged 
to receive a filter paper, see Fig. 2, and a 
pile of these prepared papers is shown in 
front of bottle No. 1 in the photograph 

A clean filter paper having been put in 
place, and the upper portion of the holde: 
lamped firmly down upon it, the tubes 
re mounted as shown, the cock £, Fig. 2, 
losed, and the mixing tube 7 filled with 
ater from the source of supply up to the 
mark A. Reagent from bottle No. 1, 
orange-colored fluid, is then 
ntil the level rises to B. 


an 
poured in 
‘The necks of 
he reagent bottles are arranged as shown 

Fig. 3, so that 


the fluid can be con 








OUTFIT MOUNTED IN CASE 


There is now in tube 2 a definite quan- 
tity of a definite mixture, and from bot- 
tle No. 2a reagent, evidently a solution of 
turned this 
orange-colored until 


soda, is into quantity of 
the 
a bright pink, which it does 
the instant .the neutral point is 
A strip upon the front of bottle 


ground so that it can be marked 


mixture color 
changes to 
abruptly 
reached. 
No. 2 is 
upon, and upon this is recorded the level 
of the liquid when the change of color 
t If this is below the zero it indi 
10.5 
required per ton of 
the the 


akes place. 


cates that three hectograms (about 


ounces) of soda are 


water for each of divisions of 


scale alongside 


If the operation is with 


performed 
which 


water from a boiler in soda is 
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being used, and the final level comes at 
the zero of the scale, the supply of soda is 
just right. If the level falls below th« 
zero mark the indication is that not 
enough soda is being used, and if above 





Excess. 





Ounces to be Added per Ton. 
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ANALYZING 


that too much is being used, the number 
of divisions indicating 
much or too little. 

The idea is that the carbonates are held 
in solution by the presence of carbonic 


The 


how much too 


acid gas in solution in the water. 
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titration shows the amount of soda neces 


sary to neutralize this acid and release the 


carbonates. It is being introduced into 
this country by William Olsen, 168 West 
End avenue, New York 
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The ‘“ Hele-Shaw ”’ Clutch 


A clutch which is being placed upon the 
market and used for mechanical drives of 
various description is the “Hele-Shaw” 
clutch, manufactured by the Merchant & 


—— 
lL 





\ Va 
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plates of the pins are always separated by 
about one-third inch. This permits of a 
continuous circulation of oil at the point 
of work, although in the absence of oil 
from the clutch, it that the 
same amount of heat that would distort a 
flat plate does no injury to this type of 


is claimed 
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FIG. IT. SHOWING SECTIONAL VIEW OF THE “HELE-SHAW” CLUTCH 
clutch. Fig. 2 shows the clutch applied to 














FIG. 2. SHOWING CLUTCH APPLIED TO 
PULLEY 
vans Company, Philadelphia, Penn. A 
sectional view of a standard clutch is 


It will be noticed that 
the peculiarity of this clutch lies in the 
fact that the engagement of the plates is 
in a 35-degree V-shaped circumferential 


shown in Fig. 1. 


groove. By virtue of the engagement in 


a V-shaped groove the flat portions of the 





a pulley. 
It is constructed in a rigid manner, the 
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ism the engagement is permanently 
temporarily effected. 





Reeves Adjustment for Connecting- 
rod Boxes 


(he device described and _ illustrated 
herewith is for the purpose of regulating 
adjustments to bearings where liners ari 
used, doing away with the liners and vet 
maintain all their advantages. 

The connecting-rod box is of the usual 
form, with regulation bolts and nuts t 
fasten the box and caps to the body of th: 
rod. The sleeves C are threaded into th 
cap of the box PD, the sleeves pressing 
against the other half of the box F whe 
the bolts are tightened. The washer D 
with teeth cut on the surface and engag 
ing into the worm G, has a key fastened 1) 
it, as shown at FE. 

When an adjustment is to be made 
the cap B, a nut, not shown, is unloosene 
the bolt 4, 
the 


which takes the pressur: 
D and threads H 
the worm G to be turned, whic 
the D and the 
- If the sleeve C is turned up in the direc 
tion of the arrow, it is obvious that th: 
cap B 
the box. 
washer D, and when the bolt 4 is tight 
ened the washer D is drawn 
the cap B and jam-thread H, thus pre 
venting the sleeve C from rotating. 


on 


from washer an 
allows 
sleeve ( 


rotates washer 


and tighter 
The sleeve C slides through th« 


will come close to F 


down ont 
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SHOWING THE REEVES ADJUSTMEN1 
inner disk being made of mild steel and Phe washers D are shown connected t 
the outer of phosphor bronze, except in gether by a .worm-shaft, so that bot! 


certain peculiar conditions where all of 
the toothed plates are metal with inter 


Che 


driven 


mediate 
inner plates 


slipper-plates of bronze. 
toothed fo the 
drum, and the other plates are toothed to 


are 


the driving drum, and by proper mechan 





sleeves will move together, but the wash 
D can have slots cut for using a spanner 


wrench, or made hexagon, if the worn 
This devi 
Engine 


and Machine Company, Trenton, N. J 


shaft and worm are not used. 


is manufactured by the Reeves 
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Inquiries 





Questions are not answered unless they are 
of general interest and are accompanied by 
the name and address of the inquirer. 








Figuring the Horse-power of a Green 
Engine 

What horse-power is an 
Green engine developing, with cut-off at 
11 inches from the head on the head end 
and 11% inches from the crank end, the 
clearance being 3 of an inch, pressure 
at the throttle 69 pounds, speed 90 revo- 
lutions per minute, cylinder 14 inches in 
diameter, with 36-inch stroke, piston-rod 
2% inches, and the engine run non-con- 
densing, with no back pressure and with 
a 6-inch exhaust pipe leading «into the 
air? 


improved 


EF. W. di 

The 3% of an inch is simply the me- 
chanical clearance between the piston and 
the cylinder-head. which 
interests us is the total volume which has 
to be filled when the engine is on the 
center. This includes not only the space 
between the piston and cylinder-head, but 
the volume of the ports, and is expressed 
in percentage of the piston displacement. 
Let us this to per 

The cut-off takes place in the head end 
at 


The clearance 


assume be 2 cent. 


Il + 36 = 0.30550 


of the stroke. Add to this the 0.02 of the 
displacement required to fill the clearance 
and we have: , 

0.30556 + 0.02 = 0.32550 


of the displacement filled with steam up 
to cut-off. 

At the end of the this steam 
will occupy a volume equal to 1.02 times 
the displacement, the additional 2 per 
cent. being the clearance. It will have 
been expanded, then, to: 


stroke 


1.02 — 0.32556 = 3.13 


times its volume at cut-off. 

If the full throttle pressure (84 pounds 
absolute) were realized in the cylinder and 
preserved up to the point of cut-off; if 
the expansion followed the usually as- 
sumed law where the product of the 
pressure and volume remains constant; 
if there were no pre-release, no rounding 
of the corners, and if the back pressure 
remained at 15 pounds absolute through- 
out the return stroke with no compres- 
sion, the diagram representing the stroke 
would be that shown in acompanying en- 
graving. The mean effective pressure of 
such a diagram is determinable by the 
following formula: 


M.E.P. = 


P| Et Oe FUT —c)—-A, 





where P = Initial pressure absolute, 
FP, = Back pressure absolute, 
R= Ratio of expansion, 
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C = Clearance in per cent. of dis- 
placement. 
The hyperbolic logarithm of the ratio of 
expansion 3.13 is 1.141. The other quan- 
tities are known and substituting them in 
the foregoing formula we have: 


MEP. = 
I+ 1.14t X 1.02 
g4 (2224 —— — 0.02) —15= 41.9 
3-13 
Following the same process for the 
crank end the cut-off occurs at 
11.25 + 36 = 0.3125 
of the stroke. If the clearance is the 


same the volume at cut-off including the 
clearance will be: 

0.3125 -+- 0.02 = 0.3325 
and the ratio of expansion: 

1.02 + 0.3325 = 3.07. 
of this number 
these values in 


The hyperbolic logarithm 
is 1.1217 and substituting 
the formula we have: 
I+ 1.1217 X 1.02 
3.076 
= 42.5 pounds. 


84 — 0.02) —I5 


The head end will develop 1.25954 and 
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DIAGRAM REPRESENTING STROKE OF ENGINE 


end 
mean 


the crank 1.22334 horse-power per 
pound of effective the 
crank end being less on account of the 
reduction of area by the rod. 


pressure, 


M.E.P. Constant Horse-power 
Head end 
Crank end 





Wcisasacases 


The actual horse-power will be less 
than this in proportion, as the actual dia- 
gram would depart from that shown by 
wire-drawing, etc. 


How to Tell How Much Heat an Engine 
Gets 

We are running about a 400-horse- 
power plant for making salt by evapora- 
tion by immersing coil pipe in vats of 
brine and putting the steam through the 
coils, where it is condensed and sent back 
into the boilers by gravitation, or partly 
so at least. We have now put in an elec- 
tric-light plant that takes about 20 horse- 
power of steam, and are putting the ex- 
haust steam through a large coil in cold 
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brine, where it is entirely condensed, and 
we wish to know about what proportion 
of heat the light-plant engine takes from 
the steam used first for it and then for 
heating the brine. 
ee a oe 

An engine uses 2545 British thermal 
units per hour for each average horse- 
power developed. All the rest of the heat 
which comes to it which is not radiated 
from the surfaces of the engine itself goes 
out in the exhaust. You can find what 
proportion this is of the heat supplied to 
the engine by multiplying the figure above 
given by the average horse-power, and 
dividing the product by the product of 
the number of pounds of steam supplied 
to the engine per hour, and the number 
of British thermal units in each pound of 
the steam. This latter quantity you can 
obtain from a table of the physical proper- 
ties of steam, to be found in any of the 
engineers’ reference books. 


Cause of a Pound in a Gasolene Engine 


Near here is a 65-horse-power gasolene 
engine pumping water for irrigating. I 
made a visit to the plant recently and no- 
ticed that certain 
amount of water admitted with the fuel, 


unless there was a 


the engine would pound. The engineer 
told me it was the only way he could keep 
it quict. I 
me, and I would like to have it explained. 
E. N. 

It looks as if the compression of the 
fuel, 
causing the mixture to ignite too early 


confess this is a new one on 


engine was too high for gasolene 
and give the piston a thump before the 
crank got over the dead center. Inject- 
ing the water spray retarded the ignition 
by keeping the temperature down during 
the compression stroke. 


Steam “Working Expansively” 
“The steam 


Is it the re-evapori- 
due to 


Please explain.the term: 
works expansively.” 
the condensed 


zation of steam, 


reduced pressure? 

Steam can do work in no other 
Where there is 
cut-off, and the cylinder is in communi- 
with the the 
stroke the piston is pushed forward by the 
expansion of the water into steam, If 
steam is not generated as fast as the mov- 


way 
than by expansion. no 


cation boiler throughout 


ing piston generates volume the steam al- 
ready in the cylinder and that in the 
boiler and connecting pipe will expand 
into the volume with a consequent reduc- 
tion of pressure. As applied to a recipro- 
cating engine, however, the term, “the 
steam works expansively,” is usually em- 
ployed to designate the method of use 
wherein the steam supply is interrupted 
early in the stroke, and the stroke fur- 
nished by the expansion energy of the 
steam already in the cylinder, as opposed 
to the method of 
supply to the 
stroke, 


continuing the steam 


cylinder throughout the 





Business Items 


The Allis-Chalmers Company has opened an 
office at rooms 319-320 First National Bank 
building, Birmingham, Ala., in charge of Seldon 
Jones as district manager. 


Lewis Jones, 42 R street, N. E., Washington, 
D. C., is the originator of the combined pump 
and air-lift system, about which we have had 
a number of inquiries recently. 


S. D. Boynton, formerly with the Pfanmueller 
Engineering Company, and Benjamin K. Howard, 
who was associated with the Commonwealth 
Edison Company, have organized the Power 
Equipment Company, with headquarters at 
1405 Fisher building, Chicago, and will handle 
steam and electric machinery and power-plant 
material, both new and second-hand. 


The Kerr Turbine Company, of Wellsville, 
N. Y., is busy executing orders for 26 Kerr 
steam turbines for various services, including 
two for the Economical Gas Apparatus Con- 
struction Company at Aberdeen, Scotland, and 
10 single-stage Kerr steam turbines, with disk 
fans for force-draft work, for the Lathrop Engin- 
eering Company, New York. 


Among recent crane shipments by the Northern 
Engineering Works, Detroit, Mich, are men- 
tioned a 7}-ton 3-motor electric crane at the 
Cummings foundry, Chicago; a 74-ton 3-motor 
electric for the United Lead Company; a 5-ton 
38-foot span crane for the West India Electric 
Company, and a 6-ton 2-motor electric crane 
for Valentine Bohl Company, Waterbury, Conn. 


The Triumph Ice Machine Company, Cin- 
cinnati, Ohio, sends us a list of 138 recent 
orders aggregating 250 tons of refrigeration. 
While it is true that the above concern suf- 
fered somewhat from the recent financial 
panic it is gratifying to state that their sales 
during the past four months have far ex- 
ceeded expectations and from present indica- 
tions, the company will experience its largest 
season's business during the coming fall. All 
of the agencies express themselves as being 
well satisfied with the prospect for a good 
business. 


PD. D. Pendleton has been appointed the 
Pittsburg representative of the Wheeler Con- 
denser and Engineering Company, of Cart- 
eret, N. J., and will hereafter handle the 
sale of the company’s product in that terri- 
tery. Mr. Pendleton has during the past 
fifteen years occupied various positions in 
the manufacturing, engineering and sales de- 
partments of the Westinghouse companies and 
is well acquainted with the industries of 
western Pennsylvania, particularly with the 
designing and installation of mine-power 
piants. His offices will be located in the 
Frick annex. 


Two Buckeye boiler skimmers made by the 
Buckeye Boiler Skimmer Company, Toledo, 
©., were installed in the boilers at the city light 
and water plant, Oxford, Ind., in March. The 
superintendent of the plant, 5S. J. Peck, has this 
to say about them: ‘‘We have two 72x16 
boilers, and before installing your skimmers 
we could not run either boiler more than four 
or five days without changing and washing 
out, our water being strongly impregnated 
with magnesia and lime. Now we only wash 
out every two months and could run them 
longer, only we open up the boilers to take out 
the old scale, which the contraction and expan- 
sion of boiler is loosening, and cleaning shell 
and tubes in nice shape. It is certainly a suc- 
cess, as it is always ‘busy’ when boiler is working.” 


The New York offices of the American 
Spiral Pipe Works have been removed from 


39 Cortlandt street, to larger and _ better 
equipped offices in the Hudson Terminal 
building, 50 Church street, New York. F. B. 
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Sanborn is in charge, and is prepared to 
furnish complete information and prices of 


Taylor’s spiral-riveted pipe for hydraulic 
mining, exhaust steam, and all other water- 
supply work. This pipe is furnished 3 to 
40 inches diameter up to 1{ inch in thick- 


ness, and for pressures up to 500 pounds. It 


is fitted with improved forged-steel flanges 
or all steel bolted joints This company is 
also prepared to furnish forged-steel fiunges 


for all classes of pipe and other purposes, in- 
cluding welding flanges, boiler flanges and 
high-pressure steam-pipe flanges. 


Retrospective of the development during 
the past year of the steam turbine, the ac- 
companying figures reported by the Westing- 
house Machine Company are interesting as 
tending to controvert the general impression 
that the turbine suffered heavily 
during the year. Although one month's busi- 
ness in 1906 still holds the record at 62,100 
kilowatts, the year 1907 was marked by an 
average demand quite as large. As late as 
July, orders for 84,750 kilowatts were taken 
during that month, as compared with 25,750 
for July, 1906. For the first nine months 
of each year the demand for turbines was as 
follows: 1907, 158,550 kilowatts; for 1906, 
152,400 kilowatts, or, taking the middle six 
months of the year, from April to September 
inclusive, thus excluding the usual mid- 
winter activity, as well as the late depres- 
sion, the average per month is as follows: 
1907, 15,833 kilowatts; 1906, 14,865 
kilowatts. 


business 


The Hewes & Phillips Iron Works, New- 
ark, N. J., has just closed an order for the 
Potomska Mills, for a 21 and 44x54-foot 
stroke heavy-duty tangye cross-compound en- 
gine of the belted type. The engine will 
-arry 186 pounds initial pressure in the high- 
pressure cylinder and will develop a normal! 
load of 1200 horse-power. A barometric jet 
condenser will be used. The fly-wheel will be 
of the Hewes & Phillips type with wood rim, 
made by Carey, of Lowell, and have sixteen 
arms arraigned in two sets. The engine will 
run at 85 This firm 
cently booked an order for the Newark Even- 
ing News Publishing Company, for two 16x30 
engines running at 150 revolutions per min- 
ute. They will be attached to Crocker- 
Wheeler generators and will supply all the 
power and light in the building. They are of 
their improved Tangye type, equipped with 
the “Franklin” valve-gear. This is the 
fourth order supplied to this company, and 
is the third for Corliss engines. 


revolutions. also re- 


new 


Fairbanks, Morse and Company, of Chicago 
recently removed their general offices and sales 
departments into their new seven-story building, 
erected for that purpose at the corner of Wabash 
avenue and Eldredge place. The first floor of 
the building is used for display purposes; on the 
second floor are the offices of sales managers 
and departments which handle the territory 
of the Chicago house; on the third floor are the 
foreign, electrical and billing departments; the 
fourth floor contains the executive and admin- 
istrative offices and a general assembly room; 
on the fifth floor are located the purchasing, 
windmill and = general supply departments; 
the railroad and = construction departments 
occupy the sixth floor; the advertising depart- 
ment is on the seventh floor, together with 
storage rooms for stationery supplies, catalogs 
and other printed matter. Coincident with 
the announcement of the firm’s removal to this 
building is the announcement of the occupancy 
of their new five-story brick warehouse building; 
100x100 feet, with the main entrance on 19th 
street and railroad facilities on Sangamon street. 
Fairbanks, Morse and Company also announce 
that their branch houses in Denver, Omaha 
and San Francisco have recently removed to 
new buildings, and the Los Angeles branch 
will do so in a few months. ° 
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New Equipment 


The Beaumont (Texas) Traction Company 
is figuring on a new 800-horse-power condenser 

The citizens of Wahoo, Neb., have voted 
to issue $65,000 in bonds for constructing an 
electric-light plant and water works. 

The power house of the Brownsvill 
(Texas) Light and Power Company was 
destroyed by fire. It will be rebuilt. 

The city of McKinney, Tex., has decided to 
issue $26,000 bonds for extensions to. th: 
electric-light plant and water works. 

The Ava (Mo.) Electric Railway will build 
a water-power plant and an auxiliary steam 
plant. J. B. Quigley, chief engineer. 

Plans have been completed for a_ three 
story power house for the Maryland Tuber- 
culosis Sanitarium at Sabillasville, Md. 

Plans have been prepared for the construc- 
tion of a new power house for the Princeton 
Fheological Seminary, Princeton, N. J. 

Joseph Joseph & Brothers Company, Cin 
cinnati, Ohio, is planning the erection of a 
cotton bleachery, including power plant. 

It is reported that the Columbus (Ind.) 
Gas, Light and Coke Company has secured a 
new 25-year franchise and will spend about 
$75,000 in improvements. 

The city authorities of Abbeville, S. C., will 
purchase the private electric-light plant now 
being operated there and will equip it with new 
machinery at a cost of $20,000. 

It is reported that the Port Arthur (Texas) 
Water Company will install generators, en 
gines and boilers to generate electricity 1% 
power in manufacturing plants. 

It is reported that a new steam engiue is 
to be installed in the Bankers’ 'Trust Com 
pany building, Tacoma, Wash., some time this 
spring. No choice has been made yet. 

The Glacier Metal Company, Richmond, Va., 


will erect a new plant in Manchester, Va 
for the manufacture of its anti-frictio: 
metal. 


The Consumers’ Service Company has been 


organized at Foley, Ala., and proposes to 
establish an electric-light and power plant 


and water-works system. Frank Fesler is in 
terested. 

It is reported that the Geneva-Seneca 
Electric Company is contemplating improve 
ments, including new power-house 
ment, etc. J. E. Sliney, Geneva, N. Y., chi 
engineer. 


equ! 


os 


The Lewisburg (Tenn.) Light and Pov 
Company has been organized with $10, 
eapital stock to build a water-power electrical 


plant on Duck river. E. L. Ascheim 
president. 
The council, Pleasant Hill, Ohio, has 


passed an ordinance providing for the issuing 
of bonds for the construction of water plant 
and sewer system. A. CC. Reed, village 
engineer. 


The Lawrenceville (Ill.) Water and Light 
Company is making extensive improvements. 
changing its system from direct to alternat 
ing current. The company also expects to 
extend its transmission lines and contem- 
plates installing more generating machinery 
later. 


Plans and specifications for a new power housé 
for the Bigelow Carpet Company, Clinton, Mass., 
have been completed and bids called for b) 
Charles T. Main, mill engineer and architect, 
Boston. They include power, boiler and pump 
houses, stack and coal pocket, and contemplat: 
an installation of over 2500 boiler horse-power, 
and about 1100 k.w. in generating sets. 


The Isthmian Canal Commission will receiv: 
proposals up to June 24 to furnish and erect 
boiler-room equipment for two power plants. 
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THE ENGINEER WITHOUT 
AN AMERICAN DEAD 
WEIGHT GAUGE TESTER 
IS “GOING IT BLIND” 


Wherever you find incorrect steam gauges you find 
WASTE—and there’s small chance for high economy 
in the boiler room where such conditions exist. 


WHEREVER YOU FIND 
THE AMERICAN DEAD WEIGHT GAUGE TESTER 
YOU FIND ACCURACY 








This instrument has all 
the advantages of the 
mercury column enclos- 
ed in a much smaller 
space and is the sim- 
plest, most accurate 
gauge tester in exis- 
tence. It insures ac- 
curate gauges and eco- 
nomical operation. 


Order by the name 


AMERICAN 


WRITE FOR CIRCULAR 4-D. 


American Steam Gauge & Valve Mfg. Co. 


208-220 Camden Street, Boston, Mass. 


New York, 26 Cortlandt St. Atlanta, 853 Equitable Bldg. Chicago, 7-9 So. Jefferson St 


Pittsburg, Frick Building Annex. San Francisco, 247 Pine Street. 
Montreal, 444 St. James Street. Los Angeles, 213 So. Los Angeles Street. 
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one at Gatun, and one at Miraflores, Isthmus 
of Panama, each consisting of six boilers, fittings 
and appurtenances, uptakes, breeching, duplicate 
induced-draft fans with direct-coupled turbine 
and motor, feed-water heater, boiler feed pumps, 
piping, valves and fittings, pipe covering, etc., 
as per Circular No. 444 which can be obtained 
of the General Purchasing Officer, Washington, 
D. C. 
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ical experience, State 


experience, 


or both preferred. age, 


salary. Box 99, POWER. 


Situations Wanted 

Advertisements under this head 

serted for 25 cents per line. About 
make a line. 


are in- 
six words 


FIREMAN, married, sober and _ steady, 
high pressure, hard or soft coal, wants position. 
lirst-class New York City re ferences. Address 


Alired G. Bunker, Box 


POSITION by 
power-plant; 


N.Y 
an in steam-electric 
in mechanical engin- 


21, Echo, 


by young man 
will graduate 
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tests for manufacturers and power users during 


the summer month. Rates reasonable. Ad- 
dress ‘‘ Tests,’’ care of Power. 
Miscellaneous 
Advertisements under this head are in- 
serted for 25 cents per line. About six words 


make a line. 


ALL PRACTICAL ENGINEERS should ap- 


ply to 


432 


Wim. 
Exchange 


O. Webber, 


Bldg., 


Consulting Engineer, 
Boston, for information 


concerning tables on all engineering subjects. 
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The Westinghouse Double Flow Turbine 


A Self-balancing Unit Especially Adapted for Large Capacities; 
Material Simplification and Reduction of Weight and Floor Space 





The Parsons turbine is built in sections 
of varying diameter, as shown in Fig. 1. 
Steam is admitted at A. At B exists the 
pressure of the steam after it has ex- 
panded through the blades of the smallest 
section of the rotor; at C that resulting 
from the expansion through the blades of 
the second section. These pressures 
would force the rotor to the left were it 
not counterbalanced by the pistons P P P, 


having exposed areas on their faces 


tions to this arrangement is apparent from 
the drawing, viz, the great length of the 
unit, either side of which could be dou- 
bled in capacity with comparatively little 
addition to its over-all dimensions. But 
there is another consideration not so ap- 
parent. The limiting factor to the capa- 
city of a turbine is the area provided for 
In the Parsons 
type this area is determined by the diam- 
eter and width of the annular blade sur- 


the admission of steam. 


this type is leakage between the blade tips 
and the casing, as in Fig. 3 it is evident 
that much of the effect of the passing cur 
rent of steam would be lost. 
important in the high-pressure part of 


This is most 


the range, where, owing to its density, the 
greatest weight of steam will flow through 
The 


velocity may be no greater here, even with 


a given aperture in a given time. 


the greater difference in pressure inducing 


flow, but with the same velocity a greate1 








ROTOR OF ONE OF THE 5000-KILOWATT 


toward the blades equal to the projections 
of their respective blade sections, the 
pressures being conveyed to them through 
the equalizing pipes E E E. 


THE DISADVANTAGES OF SUBDIVISION 

The suggestion naturally arises that 
the equalizing pistons might be dispensed 
with by making the turbine double as in 
Fig. 2, allowing the steam to enter at the 
center and flow both ways, the sections 
balancing each other. One of the objec- 














WESTINGHOUSE DOUBLE-FLOW STE 


the double-flow turbine, 


face, Fig. 3. If 
2, is to be of the same capa 


shown in Fig. 
city as the single-flow form, shown in Fig 
1, this area can only be one-half as great 
upon either side. In order to produce a 
practicable blade velocity with the rota 
tive speed required, as well as for me 
chanical reasons, the diameter of the rotor 
cannot be too small, so that the reduction 


of area must be effected by shortening 
the blades. 
Since one source of loss in a turbine of 


\M TURBINES 


AT BRUNOT ISLAND 


this dense steam will 


through a given opening than of the ex 


weight of pass 
panded steam farther along. 

Of course, the clearance shown in Fig 
3 is grossly exaggerated, being in the act 
one-third to one-fifth 
the difference 
between the space separated 


ual turbine only 
as large. Furthermore, 
in pressure 
by a row of blades is not great, so that the 
leakage is not serious when the space is 
a small proportion of the whole area, as 
in the 


it is Westinghouse-Parsons turbine 
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To Condeuser 





FIG. I. 


as constructed. But if the length of the 
blade were to be halved, as shown at the 
right in Fig. 3, the clearance, being con- 
stant, would become doubled in propor- 
tion to the blade area, and with very short 
blades the leakage may bear so large a 
proportion to the weight of steam passing 
as to seriously affect the efficiency. 


How THE DIFFICULTIES MAY BE OVERCOME 
If, however, the difficulty of having to 
make the receiving end of the turbine too 
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small can be overcome, the. division of 
the rotor may result advantageously in 
avoiding the necessity of making the de- 
livery end too’ large, with such an imprac- 
ticable length of blade or excessive diame- 
ter as might be required to discharge the 
steam from a large unit. It is upon large 
units, too, that it is most desirable to get 
away from the balancing piston difficulties, 
increasing naturally with the size of the 
parts. For units of moderate capacity 
the standard single-flow form shown in 
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SECTION OF THE STANDARD‘WESTINGHOUSE SINGLE-FLOW TURBINE 


Fig. 1 is successful and adequate, and 
there appears to be no promise of advan- 
tage by dividing it. On the other hand, 
for capacities of, say, 5000 kilowatts and 
over, the division of the low-pressure end 
and the utilization of one half to balance 
the other present such advantages that it 
has been worked out by the Westing- 
house Machine Company into the form 
hereinafter described. 

If the steam, instead of being admitted 
to the series of. blades at high pressure 
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to Condenser 












fo Condenser 





FIG. 2. 


AN IDEA OF WHAT AN ALL-PARSONS 


HIGH-PRESSURE 


DOUBLE-FLOW TURBINE WOULD BE 
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which the Westinghouse Machine Com- 
PEEK pany is installing at the Brunot island sta- 
Clearances <Q. .W QQ GQ GG } Stator tion of the Pittsburg Railways Company. 
Exaggerate: S QQ W{QOO™{Q BY ; ; 1 

One 3000-kilowatt unit built upon these 
lines, views of which are shown in Figs. 


Stator. 








9 and 10, has been in successful opera- 
tion for nearly a year, and three units of 
5000 kilowatts capacity each are in course 
of erection. Here the steam, admitted 
first to the nozzle block, is expanded in 
nozzles arranged about the periphery, and 
impinges upon the impulse buckets of the 
rotating central wheel. In Fig. 7 the noz- 
} N zle block is shown at the top for conveni- 
rs Vs s ence in illustrating, but it may obviously 

Wf be located anywhere upon the blade circle, 
| and is located most favorably to the ad- 
— ZN \ | i \ mission valve. 














There are two rows of moving buckets 
upon the impulse wheel with an interme- 
diate set of reversing blades, as shown 
more plainly in Fig. 11 and in the photo- 
graph reproduced upon the front page 
Issuing from the delivery side of this 
FIG. 3. VIEW OF BLADES, SHOWING CLEARANCE GREATLY EXAGGERATED wheel with its velocity energy prac- 


and temperature and great density, were 

first expanded in nozzles to an extent PE eA OOS 

which would be equivalent to the expan- E | Impulse wiatooll ~ Eze Steam E) 
ret C/A Nozzles >| 
4-7 S 


sion in the lengthy short-bladed central { 
section of Fig. 2, and impulse wheels pro- , UT ‘ssi | 
q Lae Minty he DADS AJ, b AM ah ) : 
pended | CaN 


deliver the expanded steam to the remain- 
ing sections practically without velocity, 
the unit would take the simple form 
shown in Fig. 4, and when the initial ex- 
pansion has been effected by reciprocating 
engines, that is, when the turbine is de- 
signed for a very low initial pressure, as 
when running upon exhaust steam, it 
takes the still more simple form shown 
in Fig. 5, which is a true section 
of the low-pressure machine shown in 
Fig. 6. With the initial pressures and 
temperatures ordinarily in use, however, 
a single stage of the impulse wheel with 
a practicable number of moving and sta- 
tionary blades will not result in a suffi- 
cient expansion, hence the design shown 
in Fig. 7 has been-adopted for the units * FIG. 4. COMBINED IMPULSE AND DOUBLE-FLOW REACTION TURBINE WITHOUT DUMMY PISTON 


vided to absorb the resultant energy and 
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Exhaust 
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Impulse Blades 


tically all abstracted, the steam passes, as 
shown by the arrow, to an intermediate 
set of Parsons blading. As this blading 









SQ — 
Steam X N= 73 . ° 
<Q) has no counterpart upon the other side of 
the turbine, the pressure upon it must be 
counterbalanced, and this is done by 
making the extension of the hub by which 
the impulse wheel is keyed to the shaft 
into a piston or dummy of the mean 
diameter of the intermediate stage, as 
shown at P. After passing the intermedi- 
ate stage the steam divides, one portion 
passing directly to the low-pressure blad- 
ing at the left, while the rest passes 
through the hollow shell of the rotor to 
the similar pressure blades upon the right. 
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\s these sections are equal and sym- 
metrical they counterbalance each other, 
so that no further dummies are required 
FIG. 5. WESTINGHOUSE DOUBLE-FLOW LOW-PRESSURE TURBIN! than the small one already referred to 
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3RUNOT ISLAND UNITS 
To describe the unit more in detail the 
stationary element or cylinder is made in 


DESCRIPTION OF 


two parts, the upper and lower halves 
each being a one-piece casting. The de- 


sign is symmetrical throughout, devoid of 
longitudinal flanges, except those at the 
center required for bolting the two parts 
together. The castings are first rough- 
bored, after the flanges have been planed 
and drilled, and are then “seasoned” with 
high-pressure steam for a number of 
hours to remove any local casting strains 
in the metal. They are then given the 
finishing cut, assembled, with the boring 
bar running in the bearing housing so as 
to insure a truly concentric bore. Man- 
holes are provided at each end of the 
cylinder to permit access for interior ex- 
amination, and relief valves are fitted in 
each of the manhole covers to prevent the 
pressure in the exhaust passages rising 
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The 
spindle is built up of three drums, a cen- 
tral cylindrical 
two dished-steel ends carrying the two 
of the low-pressure blading. 
These are firmly pressed onto the shaft 
and locked to prevent movement. To the 
opposite end of the rotor is fitted a bronze 
bushing surrounding the shaft, permitting 
it to move axially without appreciable re- 
sistance under any differential expansion 
of the shaft and rotor body. Although 
only moderately small side clearances are 
necessary in the impulse element, a 
definite axial position of the shaft must be 
carefully maintained. This is taken care 
of by the adjustment bearing at the left, 
which also maintains the proper clearance 
at the water glands. 

The impulse element is shown in detail 
in Fig. 11. The longitudinal section A A 
is developed from the curved surfaces be- 


practically avoiding drum deflection. 
shell supported between 


sections 


Nozzle Block 

















Exhaust 








FIG. 7. 


to a dangerous point in case of failure of 
the condensing apparatus and sticking of 
the atmospheric relief valve. The usual 
steam- and air-tight water gland is fitted 
at each end of the cylinder where the 
shaft enters. 

A Y-connection fitted with two corru- 
gated-copper expansion joints located be- 
low the base of the turbine connects the 
separate exhausts to the main exhaust 
nozzle. Either right- or left-hand steam 
connections are provided for, i.e. the 
square steam chest shown in front in 
Figs. 9 and 10 may be attached to either 
side of the machine. The construction of 
the moving element differs very materi- 
ally from that of the standard single-flow 
rotor. Excepting the shaft, it is built en- 
tirely of cast steel. A through shaft is 
employed, loaded at two points only, at 
distances of about one-quarter of the shaft 
span from the respective journals, thus 


SECTION OF WESTINGHOUSE DOUBLE-FLOW TURBINE 
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but as the energy is being absorbed and 
the speed of flow decreased, the steam 
area through the buckets widens to pro- 
vide for decreasing velocity in each rotat- 
ing wheel, as shown in the section in B B, 
Fig. 11. These nozzles cover but a small 
fraction of the wheel space, so that the 
discharged steam can freely circulate in all 
parts of the receiver space and reach the 
intermediate stage in a uniform stream 
all around the periphery. 

For regulating the steam supply in ac- 
cordance with the load two methods other 
than that of simple throttling with its 
sacrifice of temperature head are avail- 
able: 

The admission area may be varied by 
the cutting in and out of nozzles. 

The duration of the time of admission 
through a constant area may be varied. 

The first is the Curtis method, impracti- 
cable for a full-admission turbine like the 
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Exhaust 











low, while the section B B corresponds to 
a section through any one of the nozzles. 
This nozzle chamber is the only part of 
the machine that carries steam at high 
pressure and temperature, taking it di- 
rectly from the steam chest. Since steam 
is not expanded in this impulse element 
lower than to about one-half of the initial 
pressure, divergent nozzles are not neces- 
sary, and simple, straight-sided, rectan- 
gular nozzles, as shown in the section, are 
used. To facilitate the renewal of the 
nozzle parts, should this ever be necessary, 
the entire nozzle block can be removed in 
one piece, and the construction is such 
that the nozzle walls may readily be re- 
newed at a nominal cost without injuring 
the block. 

As practically no difference in pressure 
exists between the two sides of the ele- 
ment, there is no expansion or increase in 
volume of the steam as it passes through, 


AS BUILT FOR THE BRUNOT ISLAND PLANT 


Parsons; the second, that which has been 
developed by the Westinghouse engineers 
for the Parsons as they build it. 

The adoption of the partial admission 
for the first stage in the double-flow ma 
chine gave the Westinghouse designers 
their option of the two methods, but they 
have preferred to continue the variable 
duration “puff” or “gust” system, made 
familiar by its use upon their single-flow 
machines. A disadvantage of the variable 
nozzle method is that if the area of the 
nozzles of the succeeding stages is cor- 
rectly proportioned to pass along the steam 
admitted by a certain number of primary 
nozzles, it will be too great when fewer 
nozzles are in action, and too small when 
there are more. This will result in a con 
siderable variation of the pressure in the 
succeeding stages, and of the pressure 
ratios of expansion and jet velocity ac- 
quired in those stages, and interfere with 
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FIG. 0. [000-KILOWATT WESTINGHOUSE DOUBLE-FLOW LOW-PRESSURE TURBINE 








5000-KILOW ATT WESTINGHOUSE DOUBLE-FLOW TURBINE-DRIVEN UNIT AT BRUNOT ISLAND PLANT 





the designer’s intention with regard to 
the distribution of work and the relation 
of blade to jet velocity. This could be 
overcome only by adjusting the nozzles 
of the succeeding individual stages in har- 
mony with those of the initial stage. 

If, on the other hand, the passages 
through the turbine are permanently ar- 
ranged in the correct relation to each 
other, this relation will persist whether 
the flow is continuous or intermittent, and 
the energy developed can be regulated to 
the demand by making the flow more 
nearly continuous, as the load approaches 
the rated capacity of the machine. So far 
as the change in initial pressure due to 
the alternate letting on and shutting off 
of the steam is concerned, theory indi- 
cates and experiment proves that where 
the expansion in each stage is but a small 
part of the total range, as in the Parsons 
turbine, the initial and terminal pressures 
of each stage rise and fall, resulting in a 
fairly constant pressure ratio at each suc- 
cessive expansion; in ‘other words, for 
small ranges and throttle governing the 
nozzle and blade areas are reasonably cor- 
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FIG. 9. 3000-KILOWATT WESTINGHOUSE DOUBLE-FLOW 
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FIG. 


rect through a wide range of load and 
pressure distribution. For this reason the 
impulse section of the Westinghouse tur- 
bine, doing, say, only one-fifth of the 
total work, is properly proportioned for a 
wide range in load and may be governed 
without resorting to intermediate nozzle 
control and without sacrifice of economy 
and fractional loads. 


ADVANTAGE GAINED 


The balancing pistons have been ‘ re- 
duced to a minimum. In the single-flow 
types the high-pressure dummy occupies 
fully one-half of the total dummy piston 
length on the shaft, while the low-pressure 
piston is 2% times the high-pressure’ 
diameter. 

A reduction of nearly 50 per cent. in 
shaft span between bearings. Owing to 
the rotor construction a better loading of 
the shaft .is also obtained; that is, the 
rotor weight is transmitted to the shaft 
at points nearer the bearings than in the 


single-flow rotor, where the weight is 
largely distributed. 
An increase to about double rotative 


speed made possible by the reduction in 
shaft ‘span and loading; that is, to a gen- 
eral greater rigidity of the double-flow 
construction. 

A reduction of about 70 per cent. in the 
bulk of the main parts of the machine 
with practically the same output. 


Internal cylinder stresses due to high- 
pressure and high-temperature steam are 
avoided by isolating the incoming steam 
within separate nozzle chambers, so that 
the main body of the turbine is subjected 
to steam having not much over 


ne 


75 pounds 


10. TURBINE END OF 3000-KILOWATT DOURLE-FLOW UNIT AT BRUNOT ISLAND 


ceded, the advantages sought in this form 


of turbine are constructional and me- 
chanical rather.than economic. For high- 
pressure work the standard Westing- 


house-Parsons single-flow turbine will be 
built up to capacities of 3000 kilowatts; 
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FIG. 12. SHOWING REDUCTION OF FLOOR SPACE REQUIRED 


gage pressure with practically no super- 
heat. 

The bulk of the low-pressure stage is 
better distributed and the length of the 
low-pressure blades greatly reduced by 
subdividing this stage into two parts 
located at opposite ends of the rotor. 

As will be plain from what has pre- 


above 5000 kilowatts all units will be built 
upon the double-flow principle. The lat- 
ter construction will also be used for the 
low-pressure turbines to which it is so 
admirably adapted, as shown in Figs. 5 
and 6. Fig. 12 shows the gain in capacity 
per square foot of floor space by the use 
of the double-flow type. ' 
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Unequal Points of Cut-off 


By W. H. WAKEMAN 


There are two kinds of shaft governor 
for steam engines, one which regulates 


/ 


FIG. I 





the speed by changing the position of an 
eccentric by rolling it forward when a 
light load demands a short point of cut- 
off, and turning it backward when a 
heavy load calls for a later cut-off to give 
the required steam; or, in other words, it 
changes the angle of advance to suit vary- 
ing conditions of load and steam pressure. 
The other “swings an eccentric across the 
shaft,” to use a common expression. The 
hole in this eccentric is not round, forming 
a neat fit on the shaft, but is oblong, and 
as the mechanism swings this eccentric 
the center of it approaches the shaft 
center for a light load requiring a short 
point of cut-off, and moves away from it 
when a heavier load calls for more steam, 
thus requiring a later point of cut-off; 
or, in other words, the eccentricity of the 
eccentric is altered to provide for changes 
in the load. , 


DIAGRAMS SHOWING UNEVEN POINTS OF 
CuT-OFF 

The diagrams illustrated in this article 
were taken from an engine running at a 
medium speed; that is, controlled by the 
latter kind of a governor; and the object 
in presenting them is to show uneven 
points of cut-off under varying conditions. 

Fig. 1 shows a friction load in which 
the right-hand diagram indicates 11.5 and 
the left-hand 6.1 pounds mean effective 
pressure. In Fig. 2 these quantities are 
changed to 20 and 19 pounds, respectively, 
showing that as the load increases the 
points of cut-oft become more ucarly 
equal, although the right-hand diagram is 
still a trifle larger than the other. When 
the load is increased 5 horse-power the 
mean effective pressure is the same for 
both diagrams. 

Fig. 3 shows diagrams that indicate 
almost exactly double the load repre- 
sented by the previous illustration, as the 
right-hand now indicates 38.4 and _ the 
left-hand 42.8 pounds mean effective pres- 
sure. This shows that with a heavy load 
the left-hand diagram has the longest 
point of cut-off, and if it were made 
heavier still a greater difference would be 
shown, until finally the excess of one 
over the other, would equal that shown in 
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Fig. 1; but the greater diagram would be 
on the left-hand side. 

It is not safe to base the foregoing state- 
ment on one pair of diagrams taken for 
each variation in load, with a free gov- 
ernor, because there is ample time for the 
load to change between the operations of 
taking two single diagrams. These dia- 
grams are the result or average of a 
large number taken to determine this 
point, and as the difference in each case 
was practically the same for a given load, 
they can be depended on correctly to rep- 
resent existing conditions, or in other 
words the points of cut-off are equal or 
unequal just as they indicate, although the 
governor was left free to act as in every- 
day practice. 

Fig. 4 illustrates practically the plan 
adopted for swinging this eccentric across 
the shaft, as it is hung on a stud that is 
securely fastened to a spoke in the gov- 
ernor wheel, or to some part of the fly- 
wheel that is sufficient to hold it. Of 
course it does not appear like this 
when seen on an engine, but the illustra- 
tion shows the principle involved as the 





FIG. 2 


eccentric is free to swing until it strikes 
the shaft, thus giving the valve more or 
less travel as required. 


CAUSE OF UNEQUAL TRAVEL OF CROSSHEAD 


Taking a horizontal engine with the 
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points of cut-off illustrated and described 
in this article. 

Fig. 5 shows a modern fly-ball gov- 
ernor and for the purpose of illustrating 
an important point we will assume that 
it forms part of a Corliss engine. When- 
ever it is desired to prove the inequality 











FIG. 3 


of the points of cut-off in an engine of 
this kind, it is a good idea to block the 
governor in position with a piece of wood 
as shown, held in place by an assistant. 
Suppose that the engineer of a plant 
wishes to test the cut-off on his engine 
with a light load. Cut the piece of wood 
the right length for this purpose, and 
when the indicator is all ready to take a 
diagram, an assistant holds the wood in 
place and prevents the movable part of 
the governor from rising off from it until 
the diagram is secured, then it must be 
released quickly. Repeat the operation 
for a diagram from the other end of the 
cylinder. 

To make the same test for a heavier 
load, use a shorter piece of wood, and for 
a still heavier load use one that is shorter 
still. This prevents free action of the 
governor for an instant, but it does no 
harm under ordinary conditions. 


SETTING CutT-orF MECHANISM 


When setting the cut-off mechanism on 











crank on the inside center (or the cross- 
head near the cylinder), starting it and 
bringing the crank to a vertical position, 
we find that the crosshead has traveled 
more than one-half of its full stroke, and 
when the crank is turned until it stands 
on the outside center, the crosshead has 
only completed the remainder of its 
stroke, and this action is the same re- 
gardless of the direction of rotation. This 
unequal travel of the crosshead is due to 
the angularity of the connecting-rod, and 
the same irregular motion is found at the 
end of every rod used under similar con- 
ditions on an engine, hence the unequal 


FIG. 4 


an engine there are at least two points 
to be considered. If the valves and pis- 
ton are tight, so that a stated length of 
cut-off will always give the same mean 
effective pressure (with a uniform boiler 
pressure), it is proper to measure from 
the admission line to the point of cut-off 
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on each diagram, and adjust the mech- 
anism until these measurements agree, 
thus securing equal points of cut-off; but 
in some cases this is not proper. Take 
for illustration a Corliss engine on which 
one of the steam valves leaks badly. Here 
a different plan must be adopted, because 
the cut-off gear must be adjusted until 
(with a governor held fast as above de- 
scribed) the areas of the diagrams, as de- 
termined by a planimeter, are equal, 
which will give a steady-running engine, 
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until there is a chance to shut down and 
make repairs that will result in tight 
valves. As it is impossible to set the cut- 
off so that it will be even for all loads, 
it should be adjusted to give perfect re- 
sults at the average load, and it must 
then vary for other conditions. If the 
cut-off on a Corliss engine is set evenly 
at the limit of automatic cut-off, it ap- 
pears well when starting the machine, but 


if the average load is light the best 
results, so far as economy in_ the, 
use of steam is concerned. will not be 


secured. 





POWER AND THE ENGINEER. 
California's Rivers and Forests 


By Gerorce C. PARDEE* 


California is divided by the Tehachapi 
mountains into a southern and northern 
part, in which the problems of the streams 
ana forests are entirely different. The 
southern part, the mountains of which, 
save for a thin growth of pines on their 
eastern slopes, are treeless, has no peren- 
nial streams of any size emptying into the 
ocean, except the Colorado river. It de- 
pends for its water supply, for irrigation 
and other purposes, upon ditches which 
take the water from the mountain streams, 
which sink on entering the valleys, and 
upon wells. Its forestry problem, there- 
fore, consists in the planting of new, 
rather than in the protection and conser- 


vation of existing forests. Its water 
problem, dependent upon that of re- 
forestation, consists in creating new, 


natural forest-litter reservoirs for the re- 
tention of the melting snows and rains, 
which, under present conditions, run off 
the bare mountains in floods to the ocean. 

In northern California, the stream and 
forest problems consist entirely, or prac- 
tically so, in protection, preservation and 
conservation. Upon the solving of these 
problems depend the following most im 


portant matters for the future of the 
State: 

1. Electric power 

2. Irrigation. 

3. Navigation of the rivers. 

4. Reclamation of swamp and_ over- 
flowed river lands. 

5. Lumber and timber 

Evectric Power 


The commercially important streams of 
California are practically confined to 
those which run down the western slopes 
of the Sierra Nevada mountains. Many 
of these streams fall from 4000 to 6000 
feet in a distance of from 25 to 40 miles, 
thus furnishing opportunity for the de- 
velopment of great electric power. The 
streams which run down the western 
slopes of the Coast Range into the ocean 
are not, as a rule, available for power, the 
summer run-off being small; while prac- 
tically no streams run down the eastern 
slopes of these mountains. The streams 
which rise on the eastern slopes of the 
Sierras are of little importance to Cali- 
fornia as a whole, compared to those on 
the western Sierra slopes. 

POWER 


EXTENT AND VALUE OF ELECTRIC 


It has been estimated that the utiliza- 
tion of all the stream from Mt. 
Shasta to the Tehachapis, a distance of 
600 miles, will produce 5,000,000 horse- 


power, 


power of electric energy, equivalent to 


*Former governor of California. Abstract 
of an address at the conference on the Con- 
servation of Natural Resources, held at Wash 
ington, PD. C.. 


May 13, 14 and 15, 1908. 
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100,000,000 tons of coal annum and 
worth, easily, $200 per horse-power; a 
total $1,000,000,000. Already, 
something like 250,000 horse-power are 
being used in propelling street and inter- 
urban railway cars and for mining and 
other power in northern California, while 
all the cities and most of the small towns 
are lighted from the same source. The 
actual investment in such enterprises is 


per 


value of 


estimated to be between $15,000,000 and 
$20,000,000. 


WatTER Power ALREADY FILED on LEADING 
TO MoNopPoLy 


The streams from which power may be 


‘obtained have been, within the last few 


years, filed upon in such numbers, under 
the lax laws of California and the United 
States, that the fear is expressed in many 
directions that the power has been already 
pretty well taken up. Many of these fil- 
ings are fér purely speculative purposes ; 
others are for future development; but 
comparatively few of them, not more than 
a dozen or 15, are actually being used or 
are in process of preparation for utiliza 
tion. The fear is becoming prevalent that 
the acquisition of these water rights by 
private persons or corporations will lead 
to monopolies and_ over-capitalizations, 
and this great and 
most important natural resources will not 
be at the cheap disposal of the people. In 


that, in way, these 


fact, already, by means of purchase, by 
and _ stock as practiced by 
the railroad and industrial cor 
the country, the electri 
power used in the various cities of north 
ern California has fallen very much into 
the hands of one corporation, which, it is 
The 


cost of electric power to the consumer is 


bond issues, 


some of 
porations of 


claimed, is greatly overcapitalized. 


maintained at a price which makes it but 
little, if any, cheaper than coal, approach 
ing in price $10 per ton. Bearing in mind 
the results of railroad monopoly by means 
of consolidation brought about by similar 
means, it is not difficult to foretell the re 
sults of similar monopolization of the 
power of the streams of California. 

The action of the United States Govern- 
ment, however, in regulating the use of 
these streams, ought to prevent an abso 
oppressive monopolization of 


lute and 


them. 





A correspondent asks the Scientthe 
American the following question: If a 
fish weighing 15 pounds is placed in the 
water contained in a cask, would it raise 
the weight of the cask or not? To which 
the Scientific replies: “The 
whole turns upon whether the fish is alive, 


American 


and whether the cask is completely filled 
with water.” As long as the fish weighs 
15 pounds it is difficult to see what dif- 
ference it makes whether it is alive or 
dead, as far as its effect upon the weight 
of the cask and its contents are concerned. 








Catechism of Electricity 


SWITCHBOARD WIRING AND OPERATION 


605. How should the 
switchboard be planned? 

The plan of wiring for a switchboard 
should be laid out so that the arrangement 
of instruments and other apparatus on the 
front of the board will be logical and 
symmetrical. No less attention should be 
paid to symmetry behind the board, for 
thereby the arrangement of wires and bus- 
bars is simplified, making it easier to dis- 
cover and remedy defects than it would 
otherwise be. Each conductor should run 
straight with one edge of the board; that 
is, it should be either vertical or hori- 
zontal. There should be as few bends as 
possible in large wires, but when neces- 
sary to bend them the bend should form a 
right angle for the sake of appearances. 

696. What distances should be allowed 
between the wires? 

That depends on the difference of 
potential, or the “voltage,” between neigh- 
boring wires. Whatever this voltage be, 
the distance should be maintained uni- 
formly throughout, and not diminished 
when the wires cross each other. A good 
plan consists in having all vertical wires 
in one vertical plane and all horizontal 
wires in another plane. For example, all 
horizontal wires may be located 6 inches 
from the marble and all vertical wires 12 
inches distant from it; then there will be 
a clearance of 6 inches between all ver- 
tical wires and all horizontal wires. This 
clearance may be reduced to 3 or 4 inches 
for low-voltage systems, but this would 
make changing and repairing less con- 
venient. 

607. Should switchboard wires be in- 
sulated? 

Yes, especially those on high-potential 
boards, in which case wires prepared 
especially for high voltages should be 
used. When a wire is brought unusually 
close to the switchboard frame, or to an- 
other wire, it should be provided with 
additional insulation in the shape of tub- 
ing. Soft rubber is used considerably for 
this purpose, but it is not satisfactory be- 
cause it deteriorates rapidly and is readily 
destroyed by heat and unfavorable condi- 
_ tions. Metallic-covered tubing is unsuita- 
ble, for no metals should be brought near 
the switchboard except the conductors and 
necessary appliances. Flexible tubing com- 
posed of mica, paper, etc., is mechanically 
secure, fireproof, and a good insulator. 
This, or something similar, will give bet- 
ter satisfaction than the rubber com- 
pounds. 

608. How should the wires approach 
and leave the switchboard? 

That depends entirely upon local condi- 
tions. For low-potential plants of large 
current output, the arrangement should be 
such as to make all connections as short 
as possible, but for high-potential sys- 
tems, and in nearly all small plants, this 


wiring on a 
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precaution may be neglected if there are 
conflicting conditions of importance to be 
considered. The wires should not run 
back and forth any more than is neces- 
sary, and when the leads from the genera- 
tors come to the board from below and 
the out-going mains leave from above, 
the switches and other circuit members 
be arranged so that the current will be 
conducted through the apparatus in the 
proper sequence. When all wires ap- 
proach and leave at the top or bottom of 
the board, it is customary to have all the 
leads from the dynamos on one side, and 
all the out-going mains on the other side 
of the board. 


WIRING FOR A SHUNT-wouND Dynamo 


699. Illustrate and describe how a 
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FIG. 233. SWITCHBOARD WIRING 
SHUNT-WOUND DYNAMO FEEDING 
WORK CIRCUIT 


FOR A 
ONE 


switchboard should be wired for a shunt- 
wound dynamo to supply current to one 
circuit only. 

Fig. 233 gives a switchboard-wiring dia- 
gram for such a case, and represents the 
simplest form of switchboard wiring that 
occurs in practice. The wires, being be- 
hind the board, are shown by dotted lines ; 
the heavy lines represent the large wires 
or feeders which conduct the current to 
the out-going circuit, and the fine lines 
represent the smaller wires making neces- 
sary connections. 

Either terminal of the dynamo may be 
positive, but for the sake of simplifying 
the diagram, the left-hand terminal is as- 
sumed to be positive and all wires con- 
necting with that side are designated ++, 
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accordingly. The negative lead c runs 
from the dynamo a to the fuse or safety 
cut-out f, thence to one blade. of the 
double-pole switch d, from which it passes 
to the circuit-breaker g, and then out on 
the line c’. From the positive terminal of 
the dynamo the lead b runs through an- 
other fuse to the other blade of the switch 
d, and thence to one terminal of the am- 
meter 4; from the other terminal of the 
ammeter a wire passes out to the line b’. 

So long as the switch d and the circuit- 
breaker g are closed, the outside circuit 
completed and the dynamo a generating, 
there will be a flow of current in the wires 
mentioned. Both the sides of the circuit 
may be opened by pulling out the switch 
d, and the negative side may be opened 
by the circuit-breaker g being operated; if 
either of the fuses ff are blown, the cir- 
cuit will be opened at that point. The 
fuses employed are usually so large that 
they will not be blown out by a small 
overload, since it is supposed to act only 
when the circuit-breaker fails to 
properly. Sometimes the wires b and c 
are run first to the switch d, and then to 
the fuses f, f, but the arrangement shown 
in the diagram is preferable because it 
protects the dynamo in case of an acci- 
dental short-circuit across the blades of 


work 


the switch. 

The circuit-breaker may be connected 
in either the positive or the negative side 
of the circuit, and may be between the 
dynamo and switch, or between the switch 
and the line; the former method, how- 
ever, is to be preferred. The ammeter 4 
may be connected into the negative side 
with as good results as in the positive 
side, but should always be inserted be- 
tween the switch and the circuit-breaker. 

700. What is the other wiring on the 
switchboard for? 

For the control of the excitation cir- 
cuit of the dynamo. Current must pass 
through its field winding and the terminals 
of this winding are connected to the main 
terminals of the dynamo, but a rheostat 
is introduced in the circuit so that the 
field excitation, and therefore the voltage, 
of the dynamo may be regulated. In 
Fig. 233 one terminal of the field winding 
is connected directly to the positive ter- 
minal of the dynamo; the other terminal 
of the winding, instead of connecting di- 
rectly with the other terminal of the ma- 
chine, is connected by a wire hf, running 
to the switchboard, with the rheostat 1. 

It is not necessary to run a wire from 
the other terminal of the rheostat 7 all 
the way back to the negative terminal of 
the dynamo, for the wire c extends from 
this terminal to the board, and connec- 
tion may be made with it at the point /. 
This point may be anywhere on the nega- 
tive wire c so long as its location will not 
cause the field circuit to be disconnected 
when the main circuit is opened by either 
fuse, switch or circuit-breaker. 

701. 
tions? 


How about the voltmeter connec- 
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One terminal ci the voltmeter J” i 
connected to the negative terminal of the 
dynamo at /; the other voltmeter connec- 
tion is made by a wire running to the 
positive fuse, which is directly connected 
with the positive terminal of the dynamo. 
It will be noticed that this positive volt- 
meter lead crosses over the positive main 
b’ near the voltmeter, and it might puz- 
zle the reader to know why the connec- 
tion is not made here. The reason is 
that whenever the main switch d 
open, the voltmeter would be discon- 
nected from the dynamo. This would not 
be satisfactory, ‘since it is desirable to 
know the voltage of the machine before 
the main switch is closed. 


vo 


was 


702. What are the devices marked p 
and p'? 
These are incandescent lamps which 


constitute a ground detector, the ground 
circuit of which is closed or opened at the 
plug ¢. Connection is made with the posi- 
tive side of the circuit at 7, and with the 
negative side at 7’. The two lamps pf and 
p’ are connected in series, and the ground 
wire+is connected between them at s. The 
wire passing to the ground at gq: runs 
through the plug ¢t, so that the detector 
may be cut off, or simply connected in at 
intervals, as desired. 

703. For what purpose are the lamps 
m and n used? 

To illuminate the dials of the ammeter 
and voltmeter. They connected in 
parallel across the wires leading to the 
voltmeter. One side of each lamp con- 
nects at o, and the other side connects 
at Oo’. 


are 





To Tell Wrought Iron from Steel 


The following directions to ascertain 
whether pipe is made of wrought iron or 
steel are suggested by the Reading Iron 
Company : 

Cut off a short piece of the pipe and 
suspend it in a solution of 9 parts of wa- 
ter, 3 parts of sulphuric acid and 1 part 
of muriatic acid. First, place the water 
in a porcelain. or glass dish, adding the 
sulphuric and then. fhe muriatic acid. 
Suspend the pipesin such a Way that the 
end wilk not touch the bottom of the 
dish... After two to three hours’ immer- 
sion remove the pipe and wash off the 
acid. Hf the pipe is steel the end will 
présent a bright, solid, unbroken surface, 
while if made of iron it will show faint 
ridges or rings, like the year rings in a 
tree, showing the different layers of iron 
and streaks of cinder. 

In order that the scratches made by the 
utting-off tool may not be mistaken for 
the circular cinder marks, it is advisable 
) file the end of the pipe 
or grind on an emery wheel until the 

iarks of the cutting-off tool have dis- 
ppeared before putting it in the acid. It 

ometimes happens that a bubble of gas or 
ir has been caught in the interior of the 


straight across. 
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steel ingot, which, after being rolled into 
skelp, will form a blister, i.e, a seam 
which has not been welded together. But 
this can easily be distinguished from the 
circular cinder marks referred to above by 
being generally visible before the pipe is 

















DIFFERENCE BETWEEN 
STEEL PIPE AFTER 


WROUGHT-IRON AND 
TEST TREATMENT 


immersed in the acid. When such a Dlis- 
ter occurs in iron pipe the circular cinder 
marks will appear in addition to the ring 
mark made by the blister. 

4 





Weight to Balance a Stop Valve 


By F. W. 


BraAbDY 
A request for the explanation of a 
method for balancing a stop-valve of the 
form shown in the illustration, calls atten- 
tion to a problem that differs greatly from 
that of calculating the weight for the ordi- 
nary safety valve. The amount of the 
weight to place on the lever arm of a stop- 
valve cannot he calculated with any de- 
gree of certainty, as in the case of a 
safety valve, without the use of experi- 
mental data. In the first place, the con- 
stant used in formulas for computing the 
pressure on a stationary plate immersed 
im’'a moving fluid must be determined by 
experiment, and in the case of a stop- 
valve the form of the interior of the 
valve would likely modify the flow so as 
to change the pressure on the plate from 
that which would be expected. The fric- 
tion in the stuffing-box would also modify 
the action of the valve. Also, all the ex- 
isting constants and formulas have been 
determined under that were 
different from those in a The 
which is sometimes applied to 
find the impulse in pounds of a current 
upon a fixed plate is as follows: 

V2 


x WX 2G’ 


conditions 
valve. 
formula 


P—1.86X<A 


A = Area in square feet of the plate, 

i!’ = Weight per cubic foot of the 
fluid, either a liquid or a gas, 

I” = Velocity in feet per second, 

G = Acceleration due to gravity, or 
32.16 feet per second. 

For steam at 100 pounds gage pressure, 
the weight is 0.258 pound per cubic foot, 
and the normal velocity of the steam in a 
pipe leading to an engine should not ex- 
ceed 6000 feet per minute, or 100 feet per 
second. In any case where the volume of 
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the steam used is known, the velocity 
through the valve should be calculated, 
and this velocity used in the formula in- 
stead of the normal velocity of 6000 feet. 


The gate closing a 6-inch opening 
would probably have a diameter of 8 
inches, and its area would equal 50.26 


square inches, or 0.35 square foot. The 
pressure in pounds then on the gate when 
held vertical, and with the steam flowing 
freely through the valve equals 


1.86 X 0.35 X 0.258 K Ico®? __ - 
64.32 ad 


pounds. If the length of the weight lever 
be made equal to the length of the arm 
supporting the valve measured from the 
axis of the shaft through the stuffing-box 
to the center of the valve, then a weight 
of about 26 pounds would hold the gate 
in a vertical position under the assumed 
conditions. The weight of the lever 
would also have to be considered. As 
stated above, however, there is no cer- 
tainty that the use of this formula will 
give results of any practical value. In 
any case it would be advisable to make 
the lever longer than stated above, and 
make the weight adjustable so that an 
additional force, if necessary, 
easily applied for balancing the pressure, 
and thus assure that the gate would be 


could be 


kept open. Should any abnormal flow of 
steam occur, the valve would tend to 
close, and if the lever were located at 


right angles to the arm of the gate, then 
the lever arm would be shortened as the 
gate swings toward its seat, as shown in 
the illustration, thus reducing the resist- 
ance offered by the weight, and assuring 
that the valve would close when it once 







Flow of 
Steam 








WEIGHT TO BALANCE STOP VALVE 
started to move under the influence of the 
extra flow of steam. 

In designing a valve of this kind, it 
would be the best plan to make ample 
allowance on the length of the lever, and 
make the weight so that its amount can 
be changed, and the valve adjusted when 
in service. The variable weight could be 
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made up of disks as shown in the illus- 
tration. After being set so that the gate 
would be balanced and stand open prop- 
erly against the normal flow of steam, it 
would close quickly on any sudden reduc- 
tion of pressure at the outlet, as would 
occur in case of an accident to the pipe or 
engine that would reduce the resistance 
to the flow of steam. 





Three Old Boilers 


—_—- 


By W. J. Brackmur 


We are so used to reading about new 
boilers with certain advantages over any 
other in existence that a few words about 
some of the old ones will perhaps not be 
out of place. To do this it will be as well 
to see some of the historical ones which 
are stored for the benefit of future gen- 
erations in the South Kensington Mu- 
seum, London, Eng. There is also there 
a great number of models, with a consid- 
erable amount of information attached to 
them, so that it is very easy to get an ac- 
curate idea of the development of the 
steam boiler. In dealing with this subject 
for the readers of Power AND THE ENcr- 
NEER, there is no need for a great deal of 
introductory matter; all that is necessary 
is that some fresh information shall be 
given. 

It is rather interesting to note that in 
the evolution of the modern steam pro- 
The 
first was the use of high-pressure steam; 
the next, the use of low-pressure steam. 


ducer there have been two stages. 
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and distilleries. These spherical, 
and as they got larger and larger the 
difficulty of preventing explosions made 
introduce the cylindrical egg- 
ended boiler. 


were 


Savery 


When Newcomen introduced his engine, 
it did not need a high pressure of steam, 


























FIG. 2. TREVITHICK’S BOILER 

with 
1698, 
pressures of 45 
pounds and higher, there being no safety 
valve to let off the excess. 
of the boiler denoted 
much steam. 
first 
similar to 


The first use of steam was attended 
risk, for 
boilers at 


considerable 
worked his 


Savery, in 


The explosion 


when he had too 


The boilers were of copper and 


those used in breweries 


were 


FIG. IT. WAGON BOILER 


all that was necessary being steam of at 
mospheric pressure. This led to the hay- 
stack boiler, and a model has been built 
to show the construction of this class of 
It was made from particulars sup 
plied by the Coalbrookdale company. 


boiler. 


first the practice to put the 
boiler under the cylinder. It was under 
fired and was set in brickwork, so that th« 
hot gases made a complete circuit of the 
sides of the boiler on their way to the 


It was at 


chimney. The bottom was at one time 
recessed to form a_ spiral flue, which 
formed the subject of a patent. Generally, 


however, they were flat. The boilers were 
made at first of copper, with lead for the 
top; however, often used 
later, and it was preferred by Smeaton. 
The feed-water was introduced through 
a valve controlled by hand. The pipe was 
high enough to put sufficient weight upon 
the water to introduce it into the boiler. 


cast-iron was 


Tue Wacon BolLer 

The wagon boiler is treated of in every 
textbook so there is no need to deal with 
it here, but just to keep the historical 
points clear, it may be mentioned that it 
was introduced by Watts about 
1780-90. The boiler represented in Fig. 1 
was of 20 horse-power capacity; it 
1334 fect long, 634 feet high, and 5% feet 
wide. It had a heating surface of 200 
square feet, a grate area of 20 square fect. 
and a steam space of 115 cubic feet. The 
pressure would be 5 pounds per square 
inch. 


James 


Was 


Apparently there are no relics of 
these boilers left, but there is a good one 
of Trevithick’s boiler, shown in Fig. 2 
As is well known, Savery used high-pres 
it was discarded to al 
boilers to be 


sure steam. Then 


low the used without the 
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chance of explosion; also pecause ther 
was no gain in using high-pressure steam 


TREVITHICK’S BOILER 


The boiler made by Trevithick is 5% 
fect long and 3%4 feet in diameter, and th« 
back, which is dished, is cast with it 
The front flange to which _ the 
wrought-iron end is secured by bolts. The 
shell cast iron I inch thick. The 
boiler has two flues of horseshoe shape 
the larger being 18 inches in diameter 
and containing the fire grate, while th« 
smaller, which is the return flue, is onl) 
10 inches in diameter. Above the fireplac: 
is a manhole, but as the front could lx 
taken off, this was rather unnecessary. 

The steain passed into a cast-iron dom: 
over which was a 2-inch safety valve, fron 
which it was led to the cylinder which is 
let into the boiler, being almost immersed 
and secured to the boiler by a flange. Thi 
cylinder is 9% inches diameter by 36 
The steam, after passing 


has a 


is of 


inches stroke. 
through a stop-valve, is admitted to th: 
ends of the cylinders by means of a four 


way plug worked by a tappet motion. 


Tre SANSPAREIL BOILER 


The Sanspareil boiler, Fig. 3, is uniqu 


in havine an extension which was_ used 


‘o increase the heating surface. It has 
cylindrical shell, with one end flat and th 
other dished, with an internal return flu 
which projects beyond the boiler on th 
fire-grate side, and is inclosed in a wate: 
jacket, thus considerably increasing tl 


grate and the heating surface. The stat 























SANSPAREIL BOILER 


FIG. 3. 


ment is no doubt correct for the student 


but from the practical point of view 
there is much to be said against it. Th 


extension does not take into account th 
circulation of the water. It is narrow an 
the flow of the water would be so checke: 
that it is doubtful if the extensio: 
inade any difference to the steaming capa 
of the boiler. 


very 


City 


Cl 
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urning Oil for Power and Heating 


Which Best Results Are 
Obtained; the Various Types of Equipment Described and Illustrated 


Practical Discussion of Conditions under 





BY PROF. WILLIAM DOD. 


Equipment for oil burning is character- 
ized largely according to the method em- 
ployed in atomizing or spraying the oil. 
rhis is usually accomplished by means of 
steam or compressed air, although some 
forms of mechanical atomizer have 
been used with Atomizing by 
steam is usually assumed to require about 
4 per cent. of the total amount of steam 
generated, in order that perfect and uni- 
form spraying may result. This 
paratively large amount of power indi- 
cates the possibilities of economy with an 
efficient type of burner, in 
which the spraying of the oil may be ac- 


also 
success. 


com- 


mechanical 


complished by centrifugal force or other 
wise. 

Atomizing by air pressure involves com 
and expensive equipment, but 
with careful handling gives best results. 
with respect to both 


power required for atomizing. 


plicated 
evaporation and 
On ship- 
hoard, air is almost universally employed, 
n account of the fact that there is then 
10 diminution in the fresh-water supply as 
when steam is used. The only exceptions 
in marine practice are in the cases of tugs, 
passenger boats, etc., making such frequent 
that the of 
supply is not of primary importance. 


stops question fresh-water 


[EQUIPMENT IN GENERAL 
Considering oil-burning equipment in 
general, there must be provided apparatus 
for pumping, storing, feeding, heating and 
atomizing the oil. Nearly all types of pis- 
ton or plunger pumps give good service 
with oil. For unloading tanks, cars or 
barges, a steam-piston pump or a power 
pump is usually employed. For feeding 
the oil to the boilers, the piston pump is 
nearly always used. 

Oil is thick and stiff at ordinary tem- 
peratures, and _ the 
rapidly as the temperature is 
Pumping through long pipe lines on either 
the suction or discharge side is very slow. 
Pipe joints are pervious to the oil, and ex 


increases 
lowered. 


viscosity 


treme care must be taken if dry and neat 

looking connections are desired. The un 
erwriters are unusually particular on this 
oint. 


Ort TANKS 


ve built 


for holding oil should 
ke steam boilers if they are to be tight 
ef metal, 


Tanks 


good weight close riveting 


d careful calking are necessary for a 
lar- 
order 


od oil tank, and a manhole of the 
should be provided In 


size 


to comply with insurance requirements, it 
is usually necessary to install a vent pipe, 
and also a live-steam pipe running into 
the tank, for the purpose of smothering 
Gage floats should be 
of extra-heavy metal, made so as to be 
and remain air-tight, and the connecting 


an incipient fire. 


“strings” should be of heavy galvanized- 


wire cable. It is best to use large floats, 
and it is a good plan to use two of them, 
especially in the case of underground 
tanks, to which access is disagreeable and 


sometimes dangerous. 
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HANDLING OIL IN STATIONARY STEAM 
PLANTS 
A system for handling fuel oil in sta- 
tionary steam-boiler practice is shown in 
Fig. 1. The oil is the tank 
A, which in this case comes in on a 
trestle. 


received in 
car 
The cap being removed from the 
draw-off pipe B, a rubber hose is clamped 
to the pipe, and the valve opened from the 
The oil flowing through ( 
through a double wire-mesh strainer D, 


dome. passes 


made of galvanized iron and enlarged to 
about six times the diameter of the pipe, 


For small, independent tanks less than so as not to obstruct the flow. Either of 
4 feet in hight, the United States Naval the two tanks, A or /., may receive oil by 
~ 
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FIG. I. FUEL-OIL SYSTEM 
Liquid Fuel Board* recommends shell 


plates 4% to 5/16 inch thick. For tanks 
of greater hight, the thickness should be 
determined from Lloyd’s rules for water- 
tight bulkheading. The seams should be 
double-riveted and calked and rivet holes 
drilled to size. In long tanks, baffling or 
plates are advised, are also 
lead drip pans under the smaller tanks. 
All openings should bx 


of the tank. 


swash as 
made in the top 
Pipe connections should be 
Filling 
pipes should run through to the bottom 
of the tank. 
equal to that of the filling pipe and should 


made through reinforcing flanges. 


The vent must have an area 


terminate at the top in a return bend cov 


ered with copper gauz 


to the Bureau Steam Engineer 


*Report 
ing. 1904. 





FOR 


STATIONARY PRACTICE 


O and either /: 
I, the valve G being closed. 

By filling into one tank only, the float 
gage affords an indication of the amount 
of oil received. By having the two tanks 
each of 10,000 gallons capacity, the contents 
of a 10,000-gallon car can 
taken care of. Oil for the 
drawn out of K and L, ordinarily out of 
only one tank the 
valves M or N. By drawing oil from only 


opening the valves or 


easily be 


burners is 


at a time, through 


one tank, the float gage affords a ready 
indication of the hour-by-hour consump 
tion of oil at the burners 

By means of valve G oil is permitted 
to flow to the pump /, the valve // being 
closed, and the reserve-storage tank 1s 
thus filled through the pipe J. In draw 
ng fi the storage tank to tl supply 
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tanks K or L, the valves H and G are 
both opened and valve O closed. After 
a trial this method was found to be too 
slow, and the pump was piped so that it 
could draw its supply from J and deliver 
to P. Each of the tanks K and L has an 
emergency steam connection, as required 
by the insurance authorities, and in addi- 
tion to this, a steam coil for warming the 
oil so that the pumps can draw it in cold 
weather. A similar coil is sometimes 
lowered into the tank car A. The vent 
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man, personally examine the tank car, 
when received, noting its condition as to 
contents. The inspector should report the 
car number, the time of its arrival, and 
the “measured contents, taking care to 
measure the contents while the car is on 
level track. To avoid danger from fire, 
the cap should be replaced on the draw- 
off pipe as soon as the car has been 
emptied. To keep a correct record of re- 
ceipts and consumption, valves G and H, 
and E or F, should never be opened at 
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FIG. 2. 
pipes, referred to previously, are not 
shown in this illustration. 

The building code issued by the Board 
of Public Works of the City of San Fran- 
cisco requires that oil-storage tanks in 
city districts be located entirely under the 
sidewalk. The top of the tank must be 
at least 2 feet below the grate. It must 
be inclosed in a solid masonry wall and 
roof, the intervening spaces being filled 
with loose sand. The top manhole in the 
tank runs through the roof. The tanks 
are usually rectangular in section, and 
shallow. They are made of %-inch steel 
plates. : 


Oi. System ABOARD SHIP 


Fig. 2 shows the general arrangement 
of the fuel-oil installation on the Amer- 
ican-Hawaiian Line ship “Nebraskan.” 
The coil for heating the oil surrounds the 
pump suction pipe, and the latter is piv- 
oted so that it ordinarily takes oil at some 
distance from the bottom of the oil 
bunker. The pump discharges to a pres- 
sure or “service” tank, also provided with 
a steam coil, and flows thence under 
steady pressure to the burner. Air for 
atomizing the oil is taken from the hot- 
air, forced-draft system, being thus at 
high temperature; the necessary pressure 
is obtained by the use of a supplementary 
rotary blower between the hot-air draft 
duct and the burner. 


RecorDING Oi, CoNSUMPTION 


In operating an installation of the type 
shown in Fig. 1, it is usually desirable to 
have the engineer, or other responsible 


OIL-BURNING INSTALLATION ON S.S. ““NEBRASKAN” 


the same time. If G, H and O should be 
opened together, oil will flow from the 
reserve-storage tank to waste. A valve 
is, of course, provided on the pipe J close 
to the storage tank, and this is ordinarily 
kept closed. If this valve, with G and H, 
and either E or*F, should happen to be 
opened together, oil from the storage tank 
might be carried over into the boiler room 
direct. If samples of the oil are to be 
taken for analysis, they are usually secured 
by sinking 1-gallon bottles in the tank 
cars, as received. These 1-gallon samples 
are usually tested for specific gravity, 
moisture and sediment. When making 
evaporation trials, the oil is usually sam- 
pled by drawing off small quantities from 
the pump-discharge pipe. 

The following are standard instructions 
for recording oil receipts and consumption 
in a certain plant: 

Every morning, including Sundays, as 
early as possible, copy the oil-tank gages 
on the blackboard in the boiler room, 
together with the readings of water 
meters at 6 p.m. of the previous day. 
Enter the hourly gages on blank No. tot. 
At the left-hand margin of the figures on 
this blank, enter the consumption by shifts, 
3 p.m. to II p.m., and II p.m. to 7 a.m. 

Complete the hourly figures up to and 
including 3 p.m. When the oil tender’s 
report is turned in, check his figures from 
this hourly record, and enter the gages 
of both tanks at 6 p.m. at beginning and 
close of day on his report. 

From the same report, calculate the out- 
turn of cars unloaded. Cars to reserve 
to be taken at face of invoice; oil from 


reserve to be taken at actual out-turn per 
supply-tank gages, plus I per cent. to 
cover possible shrinkage. Apply any 
shortage or overage to the day shift. Cal- 
culate from the hourly record, blank No. 
IOI, the consumption chargeable to this 
shift, 7 a.m. to 3 p.m. 

Enter the consumption by shifts on 
blank No. 102, remembering to apply 
shortages or overages on oil received to 
the consumption on the day shift. The 
total of the four columns on blank No. 
102 gives the day’s consumption, 24 hours. 
Check this in the usual manner, blank 
No. 103. 

The average temperature of feed-water 
may be obtained from the engineer’s re- 
port. The evaporation is to be recorded 
on blank No. 104. Advise the engineer of 
any noticeable variations; also of daily 
consumption of fuel oil; also of any great 
discrepancy in out-turn of tank cars. 

In reporting stock of oil in reserve 
tank, do not attempt to figure gallons per 
inch based on tank gage; but, as before 
stated, base charges and credits to reserve 
on invoice gallonage of cars or out-turn 
per supply-tank gages, using reserve-tank 
gage as a check only. 


THe Surest METHOD 

In keeping account of the oil used, the 
surest method is that given in the report 
of some competitive tests made in 1903 
at Los Angeles, between B. & W. and 
Stirling boilers. A storage tank of 6500 
gallons capacity was installed near the 
boiler room, and a supply of oil sufficient 
to make two tests was pumped into this 
tank. It was then sealed. The oil was 
drawn out by a pump, which was run con- 
tinuously throughout the test. This pump 
delivered the oil to a weighing barrel, as 
required, or returned it to the tank. 

In this manner, the oil was thoroughly 
mixed throughout each test. After being 
weighed on standardized platform scales, 
the oil flowed by gravity to a small tank, 
from which it was taken by a 3x2x3-inch 
duplex pump, and delivered to the burn- 
ers, an air chamber, pressure gage, by- 
pass and heater being located between the 
pump and the burners. The by-pass 
allowed oil to return to the tank supply- 
ing this pump when the burner supply was 
too great, and by opening or closing a 
valve on the by-pass, any desired pres 
sure could be maintained at the burners 
All supply pipes used in the ordinary 
operation of the plant were disconnected 
from those employed during this test. As 
the oil flowed into the weighing barrel 
at each filling, a small sample was col- 
lected, the collection representing the 
average quality of oil used throughout 
the test. This was subjected to analysis. 


OIL 


In the experiments ofthe United States 
Naval Liquid Fuel Board, oil was pumped 
from a main-storage tank to the weighing 
tank, from which it flowed by gravity to 
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the floor. A 


the oil-feed tank under 
second pump discharged the oil from the 
feed tank to the burners, a relief valve 
affording a method of regulating the pres- 
sure by returning any surplus to the main 


tank. An air chambef was also used. 
The weighing and feed tanks were both 
fitted with gage glasses, from which the 
hourly consumption of oil could be ascer- 
tained. The air for atomizing was sup- 
plied from a Root blower driven by a 
direct-connected engine. A mercury col- 
umn indicated the air pressure, and a 
thermometer its temperature. Six burners 
were used, placed at intervals of 18 inches 
across the front of the furnace, a separate 
hole through the front wall being cut 
for each burner. Air for combustion 
could be admitted through the openings 
around the burners, as well as through the 
ash-pits. The atomizing air ranged in 
pressure from 0.78 to 4.68 pounds per 
square inch. Steam for atomizing was 
also provided, with provision for super- 
heating this steam. A supply of high- 
pressure air was also available for atomiz- 
ing. Air for combustion was separately 
supplied by means of the usual type of 
forced-draft fan. 


EVAPORATION TESTS 


In making tests to determine the evapo- 
ration from fuel oil, the boilers should 
be clean, the oil should be actually 
weighed or measured (measuring is proba- 
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nections should be blanked off; bottles 
should be at hand for sampling the fuel, 
and in the case of oil fuel, the oil piping 
must. be properly arranged so that there is 
no possibility of weighing either more or 
less oil than actually reaches the burners. 
The test should be checked by water- 
meter readings and the gaging of the oil- 
supply tanks. Calibrated recording gages 
should be employed. The dryness of the 
steam should be determined. Some of 
these points are quite elementary, but 
seem to be deserving of mention since so 
often ignored. 


Oi. Pumps 

Pumps for feeding the oil to the burn- 
ers should be installed in duplicate. The 
type to be the ordinary duplex pump, 
steam driven, with the exhaust piped to 
the oil heater. Steadiness of pressure is 
of the utmost importance. Each pump 
should have a pressure-regulating valve, 
with by-pass. Each discharge line should 


-have a relief valve, piped so as to dis- 


charge into either of the two underground- 
supply tanks K or L, in Fig. 1. Each 
line should also be provided with a 
strainer and an air chamber. In ordinary 
small plants, the air chamber may be the 
common 30-gallon hot-water boiler built 
for domestic use. The pump pressure is 
usually about 30 pounds. All of the dis- 
charge and relief piping, with air cham- 
bers and heaters, should be in duplicate. 
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FIG. 3. 


bly better, since oil is most frequently 
sold by bulk), the water weighed, steam 
gages and thermomieters calibrated, scales 
tested, condensation in steam pipes car- 
ried away from the boiler,.not back to it, 
and the boilers should operate at a reason- 
able proportion of their rated capacity. 
Just as in any boiler trial, the feed-water 
temperature should be measured at the 
point where the water enters the boiler; 
variations in water level should be meas- 


ured and allowed for; the blow-off con- 





PIPING CONNECTIONS OF OIL SYSTEM 


Some of the details of the pump piping 
are shown in Fig. 3. 

In the recently patented supply system 
of C. C. Moore & Co., a pump governor is 
used, controlled by the boiler pressure, 
where the steam supply (from a reduced- 
pressure header) is also simultaneously 
under governor control, the object being 
to keep the ratio of steam to oil constant. 
A third regulator controls the dampers, 
the amount of opening varying directly 
with the oil pressure at the burners. 
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TEMPERATURE OF OIL 


In order to atomize properly, the oil 
must be heated. Any lowering of tem- 
perature results in the production of 
smoke and greatly decreased efficiency. 
The temperature usually maintdined is, 
with California oil, about 180 degrees. 
Less viscous oils de not require so high a 
temperature. A simple form of heater 
consists of a length of 14-inch pipe, contain- 
ing the steam, condensation from which 
is properly trapped off, and a coil of 1%- 


hint 


Air Current 







Air Current 


FIG. 4. KORTING MECHANICAL BURNER 
inch galvanized pipe, made up with return 
bends, which nearly fills the larger pipe, 
and through which the oil slowly circu- 
lates. Ample surface should be provided 
so that the oil may be at all times suffi- 
ciently heated, and the heaters should be 
jacketed. 

OIL 


many 


BURNERS 
There are 

the market. 

the 


forms of burner on 
The choice of a type affects 
convenient operation of the plant 
rather than its thermal efficiency. Any 
form of burner which may be readily 
withdrawn for cleaning and which tends 
to keep itself clean, is suitable if with 
the amount and kind of atomizing agent 
available it thoroughly sprays the oil in 
the direction desired. The method of con- 
necting the burner with the pipe line 
should be such as to permit of ready re- 
moval. The burners should have remova- 
ble tips, and a supply of tips, with at 
least one complete spare burner, should 
be kept on hand. 

One form of burner discharges the oil 
and steam jets horizontally, the oil dis- 
charging immediately above the steam. 
Another discharges the oil downward 
across the path of a horizontal steam jet. 
Still another mixes the oil and’ steam in 
a mixing chamber, from which they are 
sprayed together. The injector burner, as 
its name implies, depends upon the con- 
densation of a steam jet to draw the oil 
forward. The projector type of burner 
has two converging steam jets which 
strike two vertically moving oil jets. 

A burner is more readily kept clean if 
the steam and oil do not mix until they 
reach the burner tip, as in the first two 
and the last cases. The form of burner 
is, to some extent, determined by the form 
of furnace and the location of the burner 
in the furnace. This feature will be dis- 
cussed later. 

All of the forms of burner mentioned 
are equally adapted to the use of high- 
pressure air as an atomizing agent. Since 
the power consumption for atomizing is, 
with steam, from 2% to 5 per cent. of the 
total power generated, attempts have been 


040 


made to develop a mechanical or centri- 
fugal burner, which would mechanically 
spray the oil. One burner of this type is 
operated by means of a miniature steam 
turbine, air being introduced around the 
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FIG. 5. OIL STRAINER 


burner. Fig. 4 illustrates the Korting 
mechanical burner, largely used in Europe. 
In this burner the velocity of the oil alone 
produces the spraying, a whirling motion 
being imparted to the oil during its pas- 
sage around a tapering screw thread. 
With mechanical burners, careful strain- 
ing of the oil is of particular importance, 
but should be given attention in all plants 
if clogging of tips and consequent ineff- 
cient combustion are to be avoided. A 
simple strainer is shown in Fig. 5. 


AIR AND STEAM FoR ATOMIZING 

The use of low-pressure air for atomiz- 
ing is increasing, several economical ad- 
vantages over steam being possible, par- 
ticularly when the air is heated. Ordi- 
narily, about 60 cubic feet of air per 
pound of oil should be supplied, at about 
16 ounces pressure. This, of course, pro- 
vides for atomizing only. The air for 
combustion would be at least four times 
this amount. 

Difficulty is experienced 
from the presence of water in the oil. 
This should not occur with properly 
treated oil. When it does occur, if the 
supply of oil is taken from the bottom 
of the tanks, water may reach the burner, 
putting out the fire. A swinging intake 
pipe is sometimes used to permit of draw- 
ing oil from the upper levels in the tank. 


sometimes 
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This arrangement, with a heating coil 


around the intake, is installed on several 
English tank steamers. A draw-off pipe 
should be provided, when possible, at the 
bottom of each tank. 
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It is a difficult matter to determine the 
amount of steam used in atomizing. In 
connection with the Los Angeles tests, 
previously referred to, the burner tip ori- 
fices, 3g and % inch, were calibrated by 
discharging the steam to a surface con- 
denser, and weighing the amount dis- 
charged for various differences in pres- 
sure. The figures given by these deter- 
minations are charted in Figs. 6 and 7. 
By installing a steam gage at the burner, 
between the controlling valve and the tip, 
the steam discharge from the orifice may 
be readily ascertained. 


EcoNoMICAL COMBUSTION 
The economical combustion of oil fuel 
necessitates: (1) Thorough spraying, and 
(2) intimate mixture of air and fuel. In 
consequence of the first requirement it is 
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necessary to heat the oil, and to fulfl 


the second, the air must be admitted over 
as much of the surface of the zone of 
flame as possible. Preheating of the air 
for combustion When 
air is used for atomizing, fur- 


is also desirable. 


this air 
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length of 100 feet has been attained experi- 
mentally), but thorough mixture with air 
decreases the length of the flame. Any im- 
pact of this flame on a relatively cold sur- 
face results in the deposit of solid carbon, 
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FIG. 8. BURNING OIL UNDER STIRLING BOILER 


the production of smoke and decreased 
efficiency. A heated combustion chamber is 
therefore desirable. This may be obtained 
in an ordinary furnace, if the head room 
is sufficient, by using baffles or arches of 
fhre-brick, against which the flame may 
continually impinge, thus keeping these 
refractory materials constantly at white 
heat. 


FURNACES FOR OIL 


With Scotch marine boilers, the entire 


furnace is sometimes lined with fire-brick 
In other cases a paved grate and bridge- 
wall are provided, or a wagon-top arch 
and extended combustion chamber may be 
used. 


With water-tube boilers, the sim- 






















































FIG. Q. 


nishes a considerable proportion of that 
which is required for combustion, and is, 
well 
divided oil particles. 

Oil tends to burn with a long flame (a 


of course, mixed with the finely 


REVERSED BURNER ON B. & W. 
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BOILER 
plest construction is to remove the coal 


fire-brick, 
and. allow the flame to impinge diagonally 


grates, pave the ash-pit with 


downward toward a point midway be- 
tween the firing doors and the bridge- 
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If it is desired to leave the furnace 
so that coal may be used as fuel at short 
notice, the grate may be paved, the oil 
being then sprayed in horizontally. 

Often a double ash-pit floor is used, the 
space between the floors being utilized for 
heating the air for combustion. Wagon- 
top arches are sometimes employed, with 
or without extended combustion cham- 
bers. It is difficult to fire a vertical boiler 
with oil at all economically unless sepa- 
rate combustion chambers are provided. 
Ordinary horizontal boilers usually have 
the grates paved, the jet from the burner 
discharging horizontally above-the grates 
and air being admitted through occasional 
openings in the paving. 

For a standard Stirling boiler, the fur- 
nace was constructed by covering the back 
half of the grate with a solid paving, as 

shown in Fig. 8. A low brick wall was 
‘ built across the ash-pit to drive air up- 
ward through the front half of the grate. 
A checker-work wall, nine courses high, 
of fire-brick, was built on the bridge- 
wall in front of the first bank of tubes. 
The burners were introduced through the 


wall. 
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FIG. 10. TYPE OF FURNACE FOR WATER-TUBE 
BOILER 

fire-door openings, which were tightly 

bricked up around the burners. The 


standard fire-brick arch from the front 
furnace wall became an essential feature 
in the oil-burning furnace. 

Babcock & Wilcox furnaces frequently 
have reversed burners, which extend 
through the ash-pit doors to the back of 
the furnace, and then rise, the tips point- 
ing forward above the grate paving, Fig. 
9. Air is admitted under the flame 
through openings in this paving. The 
object of the reversed burner is to pre- 
vent direct impingement of the flame on 
the tubes. In other designs, the bridge- 
wall is racked out forward toward the top, 
and the flame thus deflected downward. 
The reversed burner furnace offers ad- 
vantages when the boiler is heavily over- 
loaded, giving more room for the expand- 
ing flame. Fig. 10 shows another form of 
furnace for a water-tube boiler. 





Friction among men or machinery has 
like results. 
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Diary of a New Broom 


By H. H. Hart 





On April 3 | advertise- 
ment of Jones & Jones for an engineer, 
and on April 5 received a reply, asking 
me to call today. I did so, and during 
conversation with Mr. Smith, the superin- 
tendent, I learned of the following cir- 
cumstances : 


answered an 


The engineer has two boilers, Corliss 
engine, pumps, dynamo and general ma 
chinery to attend to, and has a youth to 
assist with the firing, oiling, etc. For 
about 10 years they had a good engineer, 
but as he was getting along in years, 
The next man was very 
independent, and although not over intel 
ligent, thought he knew it all, so lasted 
only a few months. 


finally resigned. 


The next in order was a very good man, 
practical and but through 
drink caused ‘expense by 
burning out grates and allowing things to 
run down, leaving the boy too much work 
to do while drinking. 
short time. His 
week’s work, becomes disgusted and re- 


experienced, 
considerable 


He lasted only a 
successor, after one 
signs—a pleasant prospect for me. 


A fair salary is paid, with possible ad 


vance, but I must “make good” or out 
I go. 
Mr. Smith is certainly “soured” on 


engineers. I, however, accept the posi 
tion, but not before I am nearly “turned 
down,” finally persuading Mr. Smith to 
give me a chance. I had never run a 
Corliss engine before and he seemed to 
think I might not be able to properly care 
for it, but I'll “show him.” 

April 12—I visit engine room and re- 
ceive keys and a little information from 
retiring engineer. 

April 13—I look over equipment, wash 
out and inspect one boiler, and as I had 
to find my own assistant, I take him with 
me and start breaking him in. Machin 
ists put in grates under No. 1 boiler, and 
I make fires for watchman. 

April 14—I go in early, find plenty of 
steam, and make ready to start. The en 
gine runs “under” and also has heavy load 
to start, these two points giving me a little 
trouble. During the morning I have to 
slow down, and cut off too much steam. 
The engine stops on center and I have 
to use long pry and several muscular men 
to get Afterward 
various comments passed. I 


started again. hear 


order new 
glands and rods for feed-pump, which is 
in a very bad condition. 

April 15 


of trouble, get on center again, head-end 


Duplicate of yesterday, lots 


exhaust-valve crank drops down, do not 
but 
Discover 


notice it at first after starting, won 
der why belt acts so strangely. 
trouble and quickly rectify it. The work 
men are getting “hot” because of so man¢ 
While getting fixed up the 


but 


stops. super- 


intendent looks in, seeing I am in 
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trouble, says nothing and goes away; ex 
pected to hear from him, though. Later 
Mr. Smith comes in and tells me he saw 
[ was in trouble, but thought it best not 
to bother me, which 
good opinion of him. 

April 16—Things look a little brighter ; 
do not have so much trouble with engine; 
beginning to feel at home. 

April 20 
2 boiler. 


gave me a pretty 


Wash out and examine No 
Machinists put in new shaking 
grate, and firing is much easier. 

April 21—Very have been 
cleaning up and arranging tools and sup 


quiet, so 
plies, as I found everything mixed up 
Send pump to shop to have seats faced 
and new glands, rods and water-cylinde: 
shells put in. Have to use injector and 
shoveled more coal for several days. 
April 24—Get pump back in good condi 
tion. Beyond an occasional broken belt 
or leaky 
to do. 
April 26 


trouble in 


pipe, have very little repairing 

Am 
toilet 
stopped up; foreman requests me to fix it 
I inform him that it is out of my line. He¢ 
said 


asked to investigate 


room; find sewer pip« 


“Mr. White, a former engineer, did 
I told him Mr. White was not 
here now, and sent for a plumber. 

April 28—I1 think I 


good,” as during my first week Mr. Smit] 


it once.” 


must be “making 
was in the engine room every day, but | 
seldom see him now. Am getting thing: 
in fair shape and although at times | hav: 
considerable repairing to do, I feel pretty 
well satisfied with my position. I spend 
my spare time getting acquainted with the 
lay-out of the shafting, piping, wiring, etc., 
and have noted where several improv 
ments can be made, but intend to go slow 
in asking the firm to spend money. 

‘A new broom sweeps clean,” it is said, 
but some soon wear out, and I don’t want 
J. & J. to think I am one of the kind that 
out 


wear soon. 





Construction Details of a Reaction 
Turbine—Enrata 





In Henry F. Schmidt’s article on “Con 
struction Details of a Reaction Turbine,” 
in the May 19 number, two errors oc 
curred. The section on “Cylinders,” on 
page 762, should have been credited to E 
M. Speakman, but the quotation marks 
the 
column, “Dummy 
should stated 
that the axial clearances vary from 0.0075 
and the 


from 0.125 to 0.2 


were inadvertently omitted. At 
of the under 
Clearances,” it 


top 
second 
have been 


to 0.035, radial clearances usually 


\ solder for aluminum that has best 


stood practical tests consists of: ‘J in, 29 


ounces: zinc, If ounces; aluminum, I 
ounce: 5 per cent. phosphor tin, 1 ounce 
This mixture, according to the Brass 
World, was fit made in 1892, and has 


given satisfaction. It can be applied with 


the soldering iron or blow-pipe. 
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Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





Mr. Johnson’s Turbine Article 
Criticized 





I have read the very excellent series of 
articles by Fred L. Johnson on “The 
Curtis Steam Turbine in Practice.” Such 
articles by others than the manufacturers 
are of great value, and the experience of 
men who have had to do with the prac- 
tical operation of any machinery is sure 
to benefit others in charge of similar 
apparatus. 

In such a comparatively new type of 
machinery as the steam turbine, however, 
where many are not familiar with the de- 
tails which have not had time to be stan- 
dardized, great care must be exercised to 
guard against general statements on cer- 
tain points, which only apply correctly in 
some specific case. 

From the articles it is evident that the 
writer has given the whole matter con- 
siderable thought and devoted to it a large 
amount of time. There 
some statements which 


are, however, 
are liable to be 
misleading, and thereby cause confusion 
in the minds of others operating our ma- 
chines where statements made would not 
apply. 

For instance, see the following: 


Page 206. It is impractical for the 
manufacturers to make complete founda- 


tion drawings, as they are not familiar 
with the lay-out of pipes and the relative 
position of other apparatus in the station. 
All that the manufacturers’ drawing is 
intended to do is to show the customer 
where it will be necessary for him to lo- 
cate his foundation bolts and opening for 
access to the step-bearing. 

Page 284. The area of the nozzles is 
made successively greater in each stage to 
take care of the increased volume of the 
steam as it passes through the machine. 
The area between buckets forming the 
passages for steam is greater at the dis- 
charge side, in each stage, because the 
steam is moving at a lower velocity. 

On the same page, Fig. 10, referred to 
in the text, should be Fig. 11. 

Page 356. In measuring the clearance, 
the gage should be used with care, as it 
is possible by using too much pressure to 
spring the buckets and get readings which 
would be misleading. 

On the same page, under the head of 
“Carbon Packing,” Fig. 12 does not show 
the packing used on the 1500-kilowatt ma- 
chine, and the description is therefore 
misleading. 





WE PAY FOR USEFUL 


On page 357, the sentence, “The car- 


bon rings are accurately fitted to the 
shaft,” does not apply to the packing 
shown in Fig. 12. These rings must be 
given a slight clearance to start with, as 
stated in our Instruction Book. The 
packing shown in Fig. 12 is not a new 
design at the present date. 

On the same page, under “The Safety 
Stop,” the ring-type emergencies are now 
all adjusted so that they normally run 
concentric with the shaft, but weighted so 
that the center of gravity is slightly dis- 
placed from the center. 

Page 358. The adjustment of the speed 
of the governor can only be made by the 
large nut on the top and through a lim- 
ited range. If a considerable range is 
necessary if must be done either by chang- 
ing the weights, or the main spring itself. 

On the same page, under “The Stage 
Valves,” these valves are required to pre- 
vent a high pressure in the first stage irre- 
spective of whether this load is put on 
suddenly or not. The sentence, “Thus re- 
lieving the pressure in the first stage and 
using the steam in the lower stage to 
hasten the speed of the machine,” hardly 
describes what takes place. The steam 
which passes through the automatic stage 
valves and is admitted to the extra set of 
nozzles above the second-stage wheel acts 
upon this wheel just the same as the 
steam which passes through the regular 
second-stage nozzles; i.e., all the steam 
which goes through the machine tends to 
hasten its speed, or, more accurately, does 
work and maintains the speed of the ma- 
chine. 

Page 485. The statement that the steam 
admitted to the second-stage wheel 
through the automatic stage valve will 
pass at a higher rate of speed than the 
steam which has already done some work 
in the first stage is absolutely wrong. As 
the illustration, Fig. 20, page 358, shows, 
this steam is taken from the first stage 
and therefore cannot possibly be at a 
higher pressure than the steam which 
normally passes through the second-stage 
nozzles. 

Page 486. “Baffler.” This baffler is 
used for either water or oil. It is used 
to restrict the flow to the step-bearing 
only when the pump pressure is main- 
tained constant. If the pumps are run 
at a constant speed and there is no other 
relief, adjusting the’ baffler simply alters 
the amount of drop in pressure passing 
through. From this it is evident that the 
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baffler can only be set to give the desired 
ficw from predetermined pump pres- 
sure. 

The reference to grinding of step-bear- 
ing blocks is extremely misleading and 
should never be resorted to for the pur- 
pose of raising the step-bearing pres- 
sure. The only time when it should 
be resorted to is when, due to the 
failure of the lubricant or some other 
reason, plates have become cut in such 
a way as to cause vibration. This 
has in some cases been eliminated by 
grinding, but great care must be exercised 
in so doing. The machine should be run 
at a low speed and the supply of lubricant 
throttled until a slight grinding noise can 
be heard, and this only done for a short 
time. If the first trial does not help mat- 
ters, it should be tried again, but not done 
in the brutal manner described, of en- 
tirely cutting off the water. This grind- 
ing may raise or may lower the step-bear- 
ing pressure, depending upon whether or 
not the effective lifting area of the blocks 
is decreased or increased. 

From the second paragraph on page 
487 anyone would be warranted in mak- 
ing the false assumption that the step- 
bearing baffler serves no useful purpose. 
It is true that with one machine operating 
on its own pump it is possible to run with- 
out the baffler, and it is also possible that 
in some particular case two machines hav- 
ing identical step-bearing pressures might 
be so operated. The baffler, however, 
serves a very important function, as de- 
scribed more fully in our Instruction 
Book. It tends to steady the flow 
from the pump, to maintain a constant oil 
film as the pressure varies with the load, 
and when several machines are operating 
on the same step-bearing system it is the 
only means which fixes the flow to the 
different machines and prevents one ma- 
chine from robbing the others. Therefore, 
even if an engineer felt inclined to re- 
move the baffler he would be most liable 
to regret taking such a step. 

The statement that the machine will 
stop if the supply of lubricant to the 
plates fails is not true if the steam pres- 
sure is maintained on the turbine, as the 
blocks will continue to wear until the 
buckets come in contact, when it is pos- 
sible that these may be more or less dam- 
aged. 

There are a few points of a minor 
nature which I have not touched upon in 
my criticism, as they are not liable to mis- 
lead. 
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The pages referred to are in Volume 
of Power. 
E. D. DickrNnson, 
Turbine Engineering Department, 
General Electric Company. 





Rotary Converter and Motor 
Troubles 


As I am especially interested in the let- 
ter department, I desire to submit some 
peculiar experiences connected with the 
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FIG. I. BURNED SPOTS ON THE MIDDLE 
COLLECTOR RING 
various stations under my charge and 


note the various probable from 
some of the readers. 

First—Not long ago, after about one-half 
day’s run from one of our 440-volt alter- 
nating-current, 600-volt direct-current, 500- 
kilowatt, three-phase rotary converters, I 
noticed sparking on the middle collector 
ring, and before I could shut down, the 
rotary flashed violently, blowing the 600- 
ampere alternating-current fuses, also the 
800-ampere direct-current fuses and dam- 
aging the commutator as well as melting 


causes 
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Motor Terminals 


FIG. 2. VOLTAGES WITH MOTOR CONNECTED 
TO SERVICE 

the solder on nearly all the armature 

leads. When the machine stopped I 


looked them over and also found that 
there were six very badly burned spots 
on the middle ring at an equal distance 
apart all around the ring. The trouble 
was located and remedied and the machine 
is now working again in first-class con- 
dition. I should be pleased to have some 


of the readers’ views as to the probable 
The converters 


cause and remedy. are 





operated from three-phase transformers 
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stepped down from 21,000 to 440 volts. 

Second—From one of our customer’s 
plants, supplied with two-phase service 
(Scott transformation from three-phase 
to two-phase—21,000-volt primary, 250- 
volt secondary) a complaint was entered 
about one 250-volt, two-phase, 5-horse- 
power motor. The machine would not 
operate at all, but simply hummed with- 
out turning. Upon reaching the premises 
and testing out the phases, thinking proba- 
bly that the phases were not properly con- 
nected, I discovered with a 350-volt alter- 
nating-current voltmeter a peculiar com- 
bination of voltages as follows: 

With the motor connected to service, 
the voltages were: I to 2, 240; I to 3, 
95; I to 4, 160; 2 to 3, 160; 2 to 4, 240; 
3 to 4, 240. 

With the motor disconnected the volt- 
I to 4, 145; to 3, 


2 


ages at service were: 


Phase A Phase } 


245 250 

















Motor Terminals 


FIG. 3. VOLTAGES WITH MOTOR OUT OF 
SERVICE 
95; I to 2, 245; 3 to 4, 250; 2 to 4, 150; 
I to 3,0. 
F. M. Swan 


Jenison, Mich. 





A Steam-jet Blower for Boiler 
Furnaces 


In most blowers, the nozzles are not 
shaped to use all the energy in the steam, 
and quite a few have rather large steam 
discharge areas, which make them all the 
more uneconomical. Jet blowers are large 
consumers of steam, often taking consid- 
erably over 10 per cent. of that gener- 
ated. 

A little steam under the grate helps to 
avoid clinkers, and absorbs heat from the 
lower level of the fuel bed, tending to 
keep the grates cool. 

The best type of blower, I believe, is 
the kind which does not permit of ad- 
justment. Such a blower cannot be med- 


dled with, and therefore the nozzle area 
cannot be increased beyond an economical 
point. 
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Herewith are shown sketches of a 
blower which has given good results. It 
consists of nozzles as shown in Fig. 1, 
made by drilling %-inch holes through a 
piece of %-inch brass tubing bent in a 
circle. The holes are then reamed out 
until one end is 3/16 inches in diameter. 

This gives an expansion nozzle, on the 
same principle as is used in turbines, and 
by its use a very considerable increase in 
steam velocity is realized over the ordi- 
nary straight-hole nozzle. A small sized 





FIG. I. END VIEW SHOWING STEAM NOZZLES 


hole is used, because the air is to be ac 
celerated and driven through the blower 
by its friction with the steam; and it was 
considered desirable to use a number of 


small nozzles with a shorter draft tube, 
than a large nozzle with a long draft 
tube. The length of tube to be used was 


determined by taking a single nozzle and 
allowing it to blow steam into the open 
air. A tube with a manometer attached 
was held in front of the jet, so that the 
steam would blow into it. It was found 
that at a distance of 27 inches, as shown 
in Fig. 2, the pressure was about 1 inch 
of water. As this was near enough to 
the desired ash-pit pressure, it was not 


Superheated Steam 














20 


FIG, SECTION OF STEAM 


2. 


BLOWER 


necessary to make the draft tube any 
larger. 

For a 70-square foot grate area, use two 
8-nozzle blowers; for a 60-square foot 
area, two 6-nozzle blowers; for a 50- 
square foot area, two 5-nozzle blowers. 

It is important to pipe blowers so that 
dry steam will be obtained, and super- 
heated steam is better. 

F. W. Hicks. 

Sparrows Point, Md. 





Boiler Heads, Hand Holes and 
Manholes 


Reading the letter on the above subject 
ly “Practical,” on page 238 of the April 
number, calls to mind the experience | 
have had with the battery of boilers in my 
charge. I took charge about eight years 
ago and at that time the boilers were pro- 
vided with a hand-hole below the tubes 
in the front and rear heads, and one man- 
hole in the top of the shell. The 
hand-holes were leaking badly and the 
rear head was corroded due to this leak- 
ing. I had the hand-hole and part of the 
rear head on each boiler cut away and 
a patch put in its place, doing away with 
the hand-hole entirely, and we have had 
no trouble with leaks since. 


real 


The boilers are washed out regularly, 
first through the manhole, and then 
through the front hand-hole; long 
scraper is also used to remove any scale 
which may be lodged on the bottom of the 
shell. 

Of course where a boiler is provided 
with a the tubes in the 
front head, one is much better able to 
l:cep it in good condition. 


a 


manhole below 


In a short time we are going to install 
high-pressure return-tubular boiler 72 
inches x 18 feet, and have called for a 10% 
x15¥%-inch manhole in the top of the shell 
and a similar manhole in the front head 
the 


below tubes. 


ss 3 


‘ JAHNKE. 
Milwaukee, Wis. 





Dutch Ovens 


On page 589 of the April 14 issue, Dell 
l‘orsyth asks the friends of the dutch oven 
to show some of us why this form of 
furnace is better than the ordinary type. 
| believe the main advantage comes from 
the fact that the brickwork above the fire 
becomes so hot that it helps to complete 
the combustion of the fuel. With a fire 
directly under the boiler the flame strikes 
the shell and becomes cooled before com- 
bustion is complete. 

I had charge of a small plant in a plan 
ing factory. We found it necessary to 
put in a new engine, and hoped that our 
boiler would still be sufficient, but found 
We put 
in a dutch oven, at the same time chang- 
ing from hand firing to mechanical firing, 
and had plenty of steam. Of course, in 
this case part of the improvement would 


it impossible to keep steam up. 


be due to the change in method of fir- 
ing, but I think the dutch oven was en 
titled to 

I believe the advantage of the oven is 
marked in 
in 


a share of the credit. 

more planing-factory work 
than to 
under a boiler with a blower, considerable 


sawmills, as feed shavings 
be blown in to properly dis 
the the 


while with the oven the fuel can be sup 


air must 


tribute shavings over grates, 


a lower market rate? 


Tom, 
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plied on top, and requires no air. In two 
have also used the oven in saw- 
work and consider it O. K. 

In the same issue, page 582, James P. 
Larson he heard of a boiler 
bagging in the rear. If he were here | 
would show him an old one that bagged 
right around the blow-off pipe; a patch 
about 20 inches square was put on and it 
bagged again in the same place. 

WALTER WHIPPLE. 

Rosthern, Saskatchewan, Can. 


cases | 


mill 


Says 


never 





Engineers’ License Laws 


Do engincers’ license laws work for the 
of Yes—to all. 
Engineers as a class are more capable to- 


good anyone? I say: 


day than they were 10 or 


15 years ago. 
I know that to be true from my own 


observations, and have heard men promi- 
nent in engineering circles often say so. 
If that is 
true, it certainly cannot be denied that the 
knowledge gained tends to make a man 
worth more and lessens the probability 
of an explosion. 


License laws enforce study. 


As an aid to his educa- 
magazines, 
ENGINEER, for instance. 


he takes engineering 
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110n, 


Its advertisements may show him that by 


Duplex Pump 


7 
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quisite ability to operate his plant. The 
fact that he could save 50 cents a day 
would tend to operate against his judg- 
ment. 

Wages higher than 
they were before the laws were enacted, 


are considerably 
and if they are not higher in comparison 
with the cost of living, with any place 
force, I 
\sa 


rule, the wages are not higher than those 


in 
would be pleased to be so informed. 


where no license laws are 


of workmen following other trades—from 
$12 a week for the third-class engineer, 
$2000 a year for the first- 
Can any trade compare with 
the last amount ? 


to the salary of 
class man. 


There is no doubt that the laws are not 
perfect, but it cannot be denied that they 
have been the means of placing more 
competent men in charge of steam plants. 
If so, they are then a success. 

Bert E. Evers. 


Springfield, Mass. 





Piping a System of Wells 


Il am showing herewith two sketches of 
our well system in connection with an ice 
factory. 

Fig. 1 shows the piping of the wells as 
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FIG. I. WELLS AS ORIGINALLY CONNECTED 


installing certain apparatus he will econo- 
mize or make his plant more safe; the 
various articles in the reading pages will 
help him pass the examination. 

Do the laws protect the intelligent engi- 
neer from competition by inferior and ig- 






fo Pump 





IMPROVED PI 


norant workmen, whose services command 


Personally, | know 


of many cases where they have, though I 
do 


frame laws for that purpose. 


not claim that this State did, or should, 


It certainly 


is not to be expected that every superin- 
tendent is a capable judge as to whether 


Dick or Harry possesses the 


re 


originally put in by the former engineer 
of the plant. With this system last sea- 
son we could only get about 35 gallons of 
water per minute, which gave us a close 
shave for operating the plant which is 
of 25 tons capacity. 





2 Driven Wells shown thus? @ 


PING ARRANGEMENI 


During the past few months I made the 


change in the piping illustrated by 


as 


Fig. 2. With this change we have our 
water supply increased to 53 and 55 gal 
lons per minute with the same piston 


speed of the pump. 
i, eb, 


STREET 


Sene Ca,  & 
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Problem in Storage Battery 
Connections 


| here offer the accompanying diagram 
of connections in answer to E. S. Lincoln’s 
in Storage Battery Connec- 
In studying over the problem | 


“Problem 
tions.” 






al 


To Discharge, 
throw Switch up. 





c 


Lamps 
> Se ee ee eae 

Youn 
I wy 7 





x 
) 
aniline 


Load 








50 Volts 


To Charge, 
throw Switch Down, 


Charge 
F-150 
Volts 





MR. HUBBARD’S WIRING CONNECTIONS 


that a four-pole, double-throw 
commercial pattern would do 
the work if connected up as shown in 
the sketch. When the switch is open the 
lights are cut out, but if this is unde 
sirable, the terminals to the load can be 
changed to points of the switch labeled F 
and ( respectively. In this latter 
connection is desired, the “jumper” join 
ing D), and Dz can be removed. 

W. L. Husparp. 


found 


switch of 


case 


Schenectady, N. Y. 


























In regard to Mr. Lincoln's “Problem 
in Storage Battery Connections,” in the 
issuc of May 5, I say that it is impos 
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MR. CHENEY’S DIAGRAM 


sible to have his cells connected in mul 
tiple as he desites for his lighting load 
at the same time that the cells are being 
charged in series, as a dead ground would 
He may, however, accomplish the 
a four-pole, 


result. 
desired object by the use of 
double-throw switch, as shown herewith. 
A glance at the diagram will show that 
when the switch is the posi 


in “down” 
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tion, the cells are being charged in series 
from the 150-volt line and the 50-volt 
buses current for the day load 
from the third set of cells at points a and 
b. When the switch is thrown to the “up” 
position, the groups are connected in mul 
tiple as is desired for lighting. 

M. Epwarp 

Schenectady, N. Y. 


receive 


CHENEY. 





The Effect of Wind on Stack Draft 


When the wind blows horizontally as 
in Fig. 1, the air which is compressed at 
a, flows up over the edge of the stack 
and follows the path of the arrow. This 





FIG, I WIND BLOWING IN HORIZONTAT 


DIRECTION 
current deflects the wind as at and d, 
and lifts it above the leeward edge of the 
An opportunity is thus given for 
of the 


pressure at B 


stack. 
the gases to pass over the edge 


stack into the area of low 


provided with a blowing cone 4, the cone 


gathering the wind into a small current 
of high velocity; as this current emerges 
into the elbow, or tube B, it communicates 


its velocity to the gases, thus augmenting 








the draft. The support and its bearing 
should be made of some non-corrosive 
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FIG. 2. WIND PRODUCING BACK-DRAF1 
metal, and the cowl should be made of 
galvanized sheet iron 
Fetrx HaGaNn 


Mo. 


Florisant, 


Belt Slippage 
ln the May 5 issue I think W. Steindorf 
the nature of my query about belt 
On of the April 28 

Rounds has hit upon the cot 


mustook 
slippage page 665 


issue, R. P 
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\s the velocity of the wind increases, the 
pressure at B becomes less, and the draft 
is increased 

In the case of the wind blowing down- 
ward, all that part which is included be 
tween the dotted A and B, Fig. 2, 
tends to produce a back draft 
a device for overcoming 


lines 


Fig. 3 shows 


this defect. It is in the form of a cowl, 


rect solution of his problem, which was 


similar to mine in the Feb. 15 issue of 
The Lingineer. The illustrations he gives 
should convince anyone that the Jaws of 


friction do not hold good under greatly 
soft belt 


exaggerated conditions, or with 
surfaces 
BENSON 


Shirley, Mass 
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Hight of Grates for Sawdust 


In regard to burning sawdust it seems 
that the dutch oven has been generally 
adopted and I think it is the most satis- 
factory method. But there has been but 
little said in regard to the distance be- 
tween the grates and the boiler, and what 
has been said seems to favor a distance of 
about 30 inches. My experience has been 
that a grate 6 feet below the boiler gives 
the best results, as it allows of complete 
combustion, permits a much heavier fire 
and is economical of fuel. 

W. M. Rosertson. 

Loring, La. 





Collector for Removing Static 
Electricity from Belts 





In a machine shop run by a large induc- 
tion motor much trouble was experienced 
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ADJUSTABLE COLLECTOR OF STATIC 
ELECTRICITY 


with the static discharge from the main 
belt, and the accompanying sketch shows 
the simple yet effective means used to 
remedy the trouble. 

A piece of I-inch stock was cut to a 
length of 10 inches and drilled with a 
9/16-inch drill for 5 inches; then tapped 
for two 14-inch thumb-screws. A piece of 
¥4-inch stock was cut to a length of 12inches 
and a 10-inch hack-saw blade was riveted 
on one end, as shown. A base-plate was then 
fastened to the 1-inch piece and this was 
set in place and grounded to the lightning 
arresters. The %-inch piece was dropped 
into place and set at the required hight by 
the thumb-screws. Inch and_ half-inch 
pipe could be used in place of the solid 
stock. 

The whole arrangement took about one 
hour to make and was extremely satis- 
factory. 

EpMUND LEAVENWORTH. 

Berkeley, Cal. 
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Gelatinated Oil 





On the editorial, “Gelatinated Oil,” in 
the May 5 issue, I have the following to 
offer: When oil and water get together 
and an alkali is mixed with them, or if 
they are thoroughly beaten together, they 
will form an emulsion, provided there is 
some animal oil. They will not do this 
if the oil is wholly mineral, and for this 
reason oil for crank-cases and _ similar 
uses should be a pure mineral fluid. 

Oil that is used continuously will carry 
all lining metal, iron, etc., that is worn 
out. These particles will not be removed 
by the filter, and will later give trouble 
in the storage tank and pipes. For such 
an emergency there should be a large pipe 
at the bottom of the storage to clean out 
the thick sediment and also steam connec- 
tions to the oil pipes to blow them out, as 
the deposit flows freely when heated. 

W. E. CRANE. 

Waterbury, Conn. 





In the May 5 issue, the opening edi- 
torial recites of the strange gelatinization 
of a portion of the lubricating oil in the 
receiving tank of a turbine oiling system. 
According to the report, the oil apparently 
had emulsified with hot water and had 
then changed to a jelly. It is not defi- 
nitely stated that the jelly-like substance 
was really oil, so that, after all, the oil 
may not be to blame. Perhaps a letter 
printed in the correspondence columns of 
the April 7 issue might throw some light 
on the matter. In this letter a contributor 
describes a scheme whereby he bakes his 
oil barrels and thereby recovers from one 
to two gallons of oil that would otherwise 
adhere to the sides of each barrel and be 
lost, as far as the plant was concerned. 

Some time ago there appeared in 
the columns of one of the steam-engineer- 
ing journals a statement to the effect that 
oil manufacturers were in the habit of 
making their barrels oil-tight by pouring 
a couple of gallons of hot liquid glue into 
each, rolling the barrel over until the in- 
side was completely covered with the glue, 
after which the lining was allowed to cool 
and ‘harden. Assuming that this state- 
ment is correct, might it not offer a solu- 
tion to the mystery of the jellified oil re- 
ferred to in the editorial? 

If the oil barrel had been subjected to 
the baking process so as to recover the 
last drop of oil, the heat would have been 
quite sufficient to liquefy the glue, so that 
when the barrel was drained the glue 
would have been injected into the system 
with the oil. This operation, repeated at 
intervals, would soon put into the system 
considerable glue, which would naturally 
settle in the receiving tank, where the 
circulation would be slow and the tem- 
perature low. 

Of course, this is merely hazarding a 
guess at the explanation, and it may be 
far wide of the mark. But, unless he has 
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already done so, the engineer of the tur- 
bine plant had better assure himself that 
the gelatinous deposit in the tank is 
actually oil, and not ordinary animal glue 
or some other substance never intended 
to be used as a lubricant. 
R. T. Stroum. 
Scranton, Penn. 





Improving Conditions Under 
Dufficulties 





Some two years ago I came to work at 
my present plant, consisting of two 
boilers, two engines, and five pumps. 
-When I first came here everything was 











FIG. I. BEFORE SETTING THE VALVE 

out of order. The boilers were full of 
scale and some of the tubes touched each 
other. I asked for some compound to 
take out the scale, but the master me- 
chanic, who had had charge of the plant 
for eight years (which was unlawful, as 
this State requires a license which he did 
not have), said he did not want to do that 
as it protected the tube and shell. I kept 
after them early and often and some 
months later got what I wanted, so that 
now I have two clean boilers and we use 


three tons of coal less each week. 














FIG. 2. AFTER SETTING THE VALVE 

The main engine is a Putnam, 12x34 
inches in size, and runs at 82 revolutions 
per minute, with steam at 120 pounds. 
The engine was in the same condition as 
the boilers. It sounded more like a trip- 
hammer than like a steam engine. I asked 
the master mechanic to get me an in-° 
dicator to set the valves right. He told 
me they did not need one as the engine 
had run eight years without one and the 
fly-wheel was turning all right. 

I spoke to the company several times 
and got them interested and finally they 
got me the indicator. Diagram Fig. I 
shows the way the engine had run for 
eight years. I set the valve over and 
took diagram Fig. 2 the way the en- 
gine is running at present. It will do 























June 16, 1908. 


more work now with 100 pounds pressure 
than before with 120 pounds. . At present 
I have full charge of the steam plant. 
H. M. ArtTHur. 
Concord, Mass. 





Can an Indicator: Detect Leaks ? 


I have repeatedly detected leaks in both 
air and steam cylinders by the indicator, 
and submit the following diagrams as 
illustrating leaky valves. The diagrams 
A and B, Fig. 1, ere from a 34x60-inch 
Corliss, running 52 revolutions per min- 
ute, in rolling-mill work. Diagram 4 was 


€¢ Spring 











FIG. I. DIAGRAMS FROM CORLISS ENGINE 
taken about two days after putting this 
engine in service. 

Steam was very hard to make on the day 
in question and the pressure was con- 
stantly falling. I was sent for, and on 
arriving at the mill I noticed at once that 


the dash-pots were not pulling the valves 


30 Spring 
Cc > H 
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FIG. 2. DIAGRAMS FROM SLIDE-VALVE ENGINE 
entirely shut. As this was a long-range 
cut-off engine, the steam valve stood 
partly open during the greater part of 
the stroke, as shown by the excessive 
back pressure on both ends of the 
diagram. It is hard to believe diagrams 
A and B were both taken from the same 
cylinder. 

It will be noticed in diagram B, that 
there is more compression, and earlier re- 
lease, as I moved the exhaust eccentric 
ahead quite a little on the shaft. Both 
sets were taken with a 60-pound spring 
boiler pressure of about 100 pounds. 

Diagrams C and D, Fig. 2, are from an 
18x24-inch slide-valve engine, running at 
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138 revolutions per minute. The engine 
exhausts through about 4o feet of 6-inch 
pipe. When C was taken, the engine had 
a valve of the Sweet type, the pressure 
being removed from the back by a pres- 
sure-plate held away from the valve by 
liners; both the valve and seat had be- 
come badly cut, and were leaking, as is 
shown by the high back pressure. This 
diagram was taken with a 30-inch spring. 

Diagram D is from the same engine 
some time later, after having faced the valve 
seat and fitted a new valve, balanced by 
a ring on the back and made steam-tight 
by snap-rings, bearing against a plate in- 
side of the steam-chest cover. Diagram 
D was taken with a 20-pound spring. It 
is interesting to compare the horse-power 
and theoretical water consumption _ be- 
tween C and D. The engine was doing 
the same work when both sets were taken. 

A. M. Lams. 


Pittsburg, Penn. 


In answer to Gecrge Lyon in the April 
7 number, page 541, I would say that the 
steam-engine indicator will point out this 
trouble. For instance, if the 


piston or 


/ 


= j 





DIAGRAM SHOWING LEAK 


PISTON 


IN VALVES OR 


exhaust valve leaks, it will show a hook 
in the pgint of compression line as in the 
accompanying figure. 

If the expansion line lies too high at its 
lower end, the steam valve leaks. Some- 
times leakage past the valve will cause 
a wavy expansion line. 

ALBERT SMITH. 

Barrytown, N. Y. 





On page 541 of the April 7 number, 
George Lyon asks the above question. I 
show the accompanying sketch for his 
consideration. The diagram in heavy out- 
line shows an ordinary. card from an en- 
gine in good condition. 








EFFECT OF 


LEAKY 


PISTON 
VALVE 


AND LEAKY STEAM 


A leaky piston would allow the steam, 
after cut-off has taken place, and before 
for that matter, to get on the opposite 
side of the piston. But considering cut- 
off to have taken place, the leaky packing 
rings, allowing the steam to get on the 
other side, will affect the expansion curve 






shown the dotted line A in the 
diagram. 

On the other hand, a leaky steam valve 
will allow steam to enter that end of the 
cylinder after cut-off has taken place and 
affect the diagram as shown by the dotted 
line B. 

The curve A is less than the perfect 
expansion line, while with a leaky steam 
valve the greater; the 


incoming live steam destroying the ex- 


as 


by 


curve B will be 


pansion curve. 
James SMALLEY. 


Allentown, Penn. 





In reply to the above question in the 


\pril 7 number, the writer wishes to 


DIAGRAM TAKEN WITH 


RING 


BROKEN 
PISTON 


that indicator can de- 


Fig. 1 shows a diagram taken 


show evidence an 
tect leaks. 
from an engine in which the piston snap- 
ring was found broken into 112 pieces. 
was taken after repairs were made. 
This was on the high-pressure cylinder 


Fig. 2 


of a compound engine and the increase in 
receiver pressure indicated a leak regard- 
less of the indicator; but the fact remains 


that an indicator in good condition will 








DEFAGRAM 
WITH 


FIG. 2. 


AFTER FITTING 
NEW SNAP-RING 


PISTON 


detect leaks in piston or valves if they are 
worthy of notice. 
Mes 


LIGHT. 
Painesville, Ohio. 





Questions on an Air Lift Installation 


I have a deep well and would like to 
use an air lift instead of a deep-well pump 
as at present. The well in question is 565 
feet deep, the tank we pump to is about 
300 feet from the well with a lift of 60 
feet and we pump 200 gallons per hour. 
The well is 8 inches in diameter and the 
water line is 16 feet below the surface of 
ground. 

How should the piping be proportioned 
and is it practical to lift water that high, 
and far, with a common air lift? 

FeLttx Hacan. 

Florisant, Mo. 
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Repairing an Ammonia Joint 


I had a %-inch union on a liquid am- 
monia line that gave me _ considerable 
trouble. The bolts had been taken up 
until there was no thread left and still the 
joint leaked. It was impossible to shut off 


Washers 
/ 
/ 





ul 











TEMPORARY 


CLAMP FOR AMMONIA JOINT 


the line at that time, so I repaired the 
joint as follows: By using a %4-inch bolt 
with thread long enough to go across the 
flange, with a heavy washer on both ends, 
shown in the sketch, I was able to 
hold the flange tight, and put washers un- 
der the nuts, one at a time, which enabled 
me to take up the joint farther, thus stop- 
ping the leak. 


as 


ARTHUR AMES. 
New Orleans, La. 





Wood Burning 


The discussion that has been under way 
in Power on wood-burning furnaces may 
make a description of the way we burn 
wood on Yukon river steamboats of 
interest. I worked two seasons on the 
British Yukon Navigation Company’s 
fleet, and the different types of boilers 
range from the Yarrow water-tube, with 
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into the smokestack, and the draft, created 
with 200 pounds pressure and the engines 
cutting off at half-stroke, or worse, was 
something fierce. We usually carried the 
fires as high as we could get the wood, 
fired one side at a time, burned a cord 
of wood an hour, and worked 4-hour 
shifts. Only in cases of extra demand, as 
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Cross Section 

FIG. I. ARRANGEMENT 
running up a rapid, did we fire the Yar- 
row boilers crosswise, as shown. 

In the locomotive-type boilers, the 
grates were arranged as shown in Fig. 
2. Some of them were equipped with a 
bridgewall, and this, in my opinion, was 
a decided improvement, only the fireman 
was pretty certain to knock it down in 
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FIG. 2. WOOD-FIRING FURNACE OF LOCOMOTIVE BOILER 
a furnace like the inside of a house, to’ firing. The course of the draft would be 


the common or garden variety of brick- 
yard setting. 

In the Yarrow boiler, the grates were 
laid off as shown in Fig. 1, the dimen- 
sions being correct as nearly as I can 
remember. all operate 
under forced draft, the engines exhausting 


These steamers 


as shown, and it is apparent how the 
bridge would keep the air in the fuel bed 
clear up to the top. In furnaces without 
a bridge, the wood was fired crosswise 
across the back, and it was quite a knack 
to land a 4-foot stick of cordwood about 


9 inches thick through the 18-inch fire 


OF 
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door to where it was needed at the back of 
the furnace. 

The brick-yard setting was the hardest 
to fire. These furnaces were set pre- 
cisely as for coal, and this does not do 
at all for wood, owing to the shallow fuel 
bed and the opportunity offered for large 
amounts of cold air to get past the fuel. 
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Plan View 


GRATES IN YARROW BOILER 


Fig. 3 shows my idea of the proper set- 
ting for wood burning. I have remodeled 
several settings to that shown, with 
marked improvement. Wood requires that 
the air should be kept in the fuel bed 
clear up to the top—not allowed to fol- 








Grates left open about 
44 usual Amount. } 














low along a natural path between two 
sticks and thence straight to the stack. 
Also, that as the wood burns and settles 
down, the coals should come down on the 
part of the grate that is open—not on the 
sides. 

C. M. 

Eatonville, Wash. 


STRAUGHAN. 
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RAILROAD 


USED BY WABASH 


FRAME 


A CINDER-HOIST 


DETAILS OF 
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Details of a Cinder Hoist 





[he accompanying drawing shows the 
details of construction of a cinder hoist 
recently built by the Wabash Railroad at 
Decatur, Ill. This is the hoist which was 
described in the May 26 number of 
PowER AND THE ENGINEER, and the pres 
ent drawing is submitted for the benefit of 
those who may wish to know how it was 
built 

ETHAN VIALL. 

Decatur, Ill. 


Trying for a First Class License 


\s the Massachusetts license law is re 
ceiving considerable attention in your col 
umns, perhaps the recent experiences of 
an applicant for a first-class engineer's 
license would be of interest The man 
ner of the examiner during the examin: 
tion convinced the applicant that hi 
chances of obtaining the desired licens 
were slim, regardless of how he answered 
the questions. The result was in accord 
with his convictions. The appended ques 
tions and answers are in substance the 
examination. They were committed to 
paper before the applicant received notice 
of his failure to pass. Also, they were 
submitted to the examining inspector, with 
the request that he peruse them and state 
whether they were the questions and 
answers of the examination. The inspec 
tor declined to look at them, and stated 
that the applicant had failed to satisfy 
him as a whole. 

After I had supplemented the statement 
of my experience as shown on my applica 
tion by a statement of my total experience, 
the examiner asked a few questions per 
taining to the plant operated by me at 
present, such as what are the types, num- 
ber and sizes of boilers, engines, ete. ? 
Following are the questions and answers 
referred to: 

You have run a Putman engine ? 

Yes, sir. 

How many eccentrics has a Putman 
engine ? 

None, unless you term the lifting cams 
eccentrics. 

Well, a cam and an eccentric are the 
same thing, are they not? 

I have always considered an eccentric 
as a true circle, with its center not con- 
centric with the shaft. A cam is not a 
circle and has irregular form and motion. 

What sort of valves has a Putman 
engine ? 

Balanced poppet valves 

What do you mean by balanced valves ? 

The pressure acts upon two faces or 
disks of equal area in opposite directions : 
consequently, the valve is balanced, or in 
equilibrium. 

Why are the disks in a Putman engin 
valve of different sizes? 

To permit of the valves being removed. 
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Why not have a single disk instead of 
two? 

You would lose all the advantages of a 
balanced valve; more power would be re- 
quired to operate the valves, as the valves 
would have to be opened or closed against 
the pressure of the steam. 

Now, a Fitchburg engine is different 
from a Putman engine is it not? 

In detail, yes. 

How many valves has a_ Fitchburg 
engine ? 

Three or four, depending on whether 
you term the exhaust valves one or two. 

How eccentrics has a Fitchburg 


engine ? 


many 


Two, and two cams or cam-slots on the 
steam valves. 

Explain the operation of these cams or 
cam-slots steam valves? What are 
they for? 


on 


They are to give a quick admission and 
sharp cut-off, and are operated by a wrist 
motion from the governor eccentric. 

Do you know a Brown engine? 

Yes, sir. 

How many eccentrics has a Brown 
engine ? 

New Brown, two; old Brown, none, un 


less you term the cams eccentrics. 
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Change the length of the steam radial 
rods, what then? 

Without changing exhaust rods, 
steam would blow through, as the exhaust 
valves would be open. 

If you change the exhaust rods, what 
will be the result ? 

You would distort the compression and 
release. 

How? 

By changing the rods so that the valves 
will be closed at the beginning of the 
stroke the exhaust 


the 


you would restrict 
opening. 

Suppose your steam valves leaked, how 
would vou tell it on the diagram? 

The expansion curve would be higher 
than the cut-off would warrant. 

Suppose valves leaked, 
how would you tell it on a diagram? 

The expansion curve would be lower 
than the cut-off would warrant. 

Suppose your air pump 


your exhaust 


the 
happen to 


on con- 


denser stopped, what would 
your engine? 

Nothing; the lift the 
atmospheric relief valve and the engine 
would exhaust outdoors 

Suppose, for the sake of argument, you 
shut down your condenser and then imme- 


exhaust would 


— 
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circulating or sustaining tubes into the 
mud-drums, up through short nipples into 
the headers, across the fire through tubes 
into the headers, up through short nipples 
into the steam drum. 

The duration of the was 
45 minutes. I am aware that some of the 
questions might have been answered more 
completely, and one or two more cor- 
rectly, but I contend that upon the whole I 
have shown familiarity with the apparatus 
the examination touches upon, and that 
the examiner should have examined me 
further or granted the license. I have 
been engaged in this occupation for over 
ten years in ten different plants. My pres- 
ent license is second class, second issue. 

P. B. MartIN. 


examination 


Boston, Mass. 





Odd Indicator Diagrams 


At the time the diagram was given to 


me I tried to get some of the data 
“Devonshire Lad’ asked tor March 17, 
page 421. The idea of only one valve 


distributing steam to both cylinders, at- 
tending to admission, cut-off, transfer- 
ence from one to the other. exhaust, etc., 
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What advantage has the two eccen- diately shut down your engine, what very much interested me, but I think the 
trics on the new Brown over the old would occur? engineer had not troubled his head much 


Brown? 

It permits a longer range of cut-off. 

How? 

| am not sufficiently familiar with the 
two types of Brown engine to answer that 
satisfactorily, unless it is for the same 
reason as on double-eccentric Corliss en- 
gines. 

The double-eccentric Corliss; what ad- 
vantage has it over the single-eccentric 
Corliss ? 

Permits a longer range of cut-off under 
the influence of the governor. 

How? 

By permitting the steam eccentric to be 
set nearer the crank, i.e., its angle of ad- 
vance 

Where may the steam eccentric on the 
double-eecentric Corliss be set in relation 
to the crank? 

\t 90 degrees in advance of the crank, 
if an overshot valve is used. 

Suppose you set a single-eccentric Cor- 
liss at 90 degrees, what would be the re- 
sult ? 

lf the valves were set as normal, all the 


functions of the valves would be late. 


If the engine is not cut oft from the 
condenser and it is near the level of the 
condenser, or the exhaust pipe does not 
drain well, there is a possibility of get- 
ting water into the cylinder through the 
exhaust ports, when the vacuum is greater 
in the cylinder than in the condenser; be- 
cause even though the piston is traveling 
onto the open port there exists momen- 
tarily a difference of pressure which will 
tend to equalize. 

If the water enters through the exhaust 
port, why will it not leave by the exhaust 
port ahead of the piston? 
the 
compression. 

Tell me some of the good and bad feat 


Because exhaust valve closes for 


ures of the boilers now under your charge. 
features. \ too 
rigid construction, it being supported at 


There are few good 


the bottom, brings all expansion against 


the weight of the boiler. The steam space 


is restricted, the steam wet and there is 
not sufficient heating surface to grate 
area. The headers are of cast iron. 


How is the circulation in,these boilers? 
The [The water 
enters down the 


circulation is good. 


the steam ‘drum, passes 








about it, as he seemed unable to supply 
the information. | wanted to know how 
the steam went in and came out, and all 
about it, but I couldn’t get much. I have 
still got the original diagram, but there 
are no particulars on it. The few par- 
ticulars I did give, | had to ask for. The 
scale of spring usually used on this engine 
is 80 and I suppose this scale was used 
when the diagram was taken. Some time 
before, the engineer gave me a diagram. 
supposed to off this 
engine, and also two diagrams off the big 
On neither diagram did I find an 
atmospheric line 


be a good one, 


engine. 


As the diagrams from the big engine 
were given to me shortly after the squab- 
ble over the engine-warming business, I 
as I think they may be 
Not knowing which end is 


will give copies, 
of 
which, I have for convenience of reference 
is A, B, C and D. The 
distributing valve is a slide valve and does 
off Cerliss. The 
A seems to keep up too 
is unwilling to drop. 
thicker than that 
both 4 and 


interest. 
designated them 


not cut as quickly as a 
expansion line of 
high, and that of B 
The toe of 4 is 


of B. 


much 


The exhaust lines of 
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B show a decided tendency to rise. Is 
this due to there not being a free exhaust ? 

The two cylinders are connected by a 
short length of pipe, without a receiver 
proper. Looking for the point of cut-off 
on A and B, it is not easy to find, though 
I see some semblance on A. The cut-offs 
are showing well on C and D. The rise 
on the expansion line of D is put down 
to water in the cylinder. If this be true, 
[ suppose it means that after cutting off 
and expansion begins, the pressure being 
eased, some of the water bursts into 
steam. On my own part, I am wondering 
if leaky slides are keeping up these ex- 
pansion lines. The initial pressure of D 
is higher than C; how is this? 

A LANCASHIRE Lap 

Manchester, England. 





Owners Should Consult Their 


Engineers 


On page 668 of Power, April 28, J. C. 
Bates adds one more to the list of letters 
which have appeared in Power to prove 
that the owner of an engine makes a mis- 
take when he neglects consulting his engi- 
neer when making changes in his plant. I 
have in my own experience a case which 
strengthens the argument still further. 

In our engine room the dynamo was 
driven by our main engine through the 
medium of a countershaft, so, of course, 
we were left in the dark every time we 
shut down to put on a belt. Of this I 
complained and succeeded in persuading 
my superintendent to purchase a_high- 
speed engine. The first hint I had that 
my request had been granted was when 
he walked in one day with a blueprint 
showing where the new engine would be 
and how it would be connected to 
the dynamo. 

Fig. 1 shows the engine-room plan and 
the arrangement he and the engine maker 


set, 
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FIG. I. PLAN 
Hy-wheel running within a foot of it. I 
thought of myself sitting a-straddle of the 
dynamo and working at the crank of the 
engine, and in my imagination I could see 
a peak load on and that engine wheel 
spinning around in its leather hammock 
until the belt smoked 

The superintendent had brought a car- 
penter in with him, and by the time I 
had done a little thinking and measuring 
they had a hole cut in the floor for the 
foundation 


concrete “Tl think there is a 


Engine 








FIG. 2. PECULIAR METHOD OF DRIVING 
DYNAMO 
better arrangement than that,’ [ said to 
the superintendent, and then I took a 


piece of chalk and drew Fig. 3 in its place 
on the floor. By taking the left-hand pul- 
ley off the engine, we had enough room 
and a nice long belt. Today that expen 
sive idler stands in 





had got up in order to get the new a storehouse, waiting 
engine into the limited space available. for I know not what, a concrete founda- 
The pulleys were to be belted as shown tion rising a foot and a half above the 
in Fig. 2. You may guess how I fell in floor to accommodate the idler was never 
love with that arrangement. I thought built, and that left-hand engine pulley 
f working at that commutator with a specially made from an altered pattern 

if 

4) 
Dynamo D 
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ADOPTED 


OF OWNER AND ENGINE BUILDER 


stands 
in the corner of the engine room, a monu 
ment to the 
have been” had your humble servant not 
butted in. 


(all of which cost extra money) 


arrangement which “would 


R. MANLY OrR 


Brantford, Ont. 





Failure of a Cross Compound 
Engine 


I do not think the man who 


great ingenuity in getting out of a bad 


exercises 


hole or succeeds in keeping a plant in 
operation under difficulties which his care 
lessness has entailed, is entitled to one 
half the credit the 


uses plain every-day horse sense in re- 


or pay of man who 
moving causes that may call for ingenious 
and brain-storm experiences to keep the 
In the failure of a.com 

W. H. 
I-NGINEER 


service in order. 

pound engine, as 
Wakeman, in Power 
of May I2, 
neering judgment in either of two places 
on that engine would have prevented a 
wreck. The receiver was piped wrong, 
the for the 
being taken from the side of the receiver 
near the bottom, instead of from the top, 
as it should be. The inability of the trap 
sudden 


described by 
AND THE 
the exercise of ordinary engi 


feed low-pressure cylinder 


to take care of a dose of water, 
the 


Again, had the valves been prop 


compelled low-pressure cylinder to 


take it. 


erly set the engine would have run on 


water if necessary, without doing damage 
The owner of the wrecked engine should 
run 


insist that his engineer learn to a con- 


densing engine as it should be—that is, 
without compression—and thus avoid a 
repetition of the accident the next time a 


receiver designed for the express purpose 


of getting water into the low-pressure 
cylinder works the way it was designed 
W. O. REDFIELD 


Brockton, Mass 


The letter signed “J. E. Smith,’ on 
page 666 of the April 28 number, relative 
to indicator diagrams, was written by J 
E. Strother, of St. Joseph, Mo., and 
3} d have been credited to hin 





Economical Compression 


By F. C. Hetms 


A. Mason’s examination 
question in the April 21 number, I offer 
the following. The question was: How 
would you draw an indicator diagram for 
a 2500-horse-power, cross-compound, con- 
densing steam engine showing economical 
compression for which the following data 
is given? 

Initial 
lute, 


In answer to 


pressure P = 
receiver 


155 pounds abso- 
pressure P’ = 31 pounds 
absolute, cut-off = 25 per cent. stroke. 
The admission is 6.2 per cent. late in both 
the high- and low-pressure cylinders. 

In order to draw the above diagrams, it 
will be necessary to make the following 
assumptions: Total number of expan- 
sions = 16 per cent., clearance in high- 
pressure cylinder = 2 per cent., clearance 
in low-pressure cylinder=4 per cent. 
vacuum into which low-pressure cylinder 
exhausts = 24 inches, absolute vacuum = 
29.88 inches. 

Hence, (29.88 — 24) 0.492 = 2.9 pounds 
apsolute = back pressure in low-pressure 
cvlinder. 

Irom the previous data we calculate the 
following, which will enable us to draw 
the theoretical diagrams: 

Let 1 = length of stroke for both cylin-’ 
ders. The volumes swept through by the 
piston can also be assumed to be equal to 
I, since they are proportional to the areas 
of the pistons times the length of stroke. 

Total volume of high-pressure cylinder 
= 102. 

Apparent cut-off = 25 per cent. 

Real cut-off = 

0.25 + 0.02 


= 26.5 per cent. 
1.02 S| 


Real ratio of expansion in high-pressure 
cvlinder = 
1.02 


0.27 77° 


Final pressure in high-pressure cylinder : 


a 41.0 pounds 
3.97 ; S. 


rhs 


Therefore, 41— 3!1—10 pounds drop 
from terminal pressure in the high-pres- 
sure cylinder to the initial pressure in the 
low-pressure cylinder. 

Ratio of 
cvlinder = 


expansion in low-pressure 


16 4.24 
3-77 ‘ 
Real cut-off in the low-pressure cylin- 
der = 
1.04 
= 0.245. 
4.24 45 


This would maintain the receiver. pres- 
sure at 41 pounds, or equal to the terminal 
pressure in the high-pressure cylinder. 


But our problem states that the receiver 
pressure is only 31 pounds, which indi- 
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cates that the cut-off is late in the low- 
pressure cylinder or greater than 0.245, 
which allows the steam to expand into a 
larger space than represented by a cut-off 
of 0.245, so that the pressure falls from 


41 to 31 pounds. In order to find this cut- 
off we note the following: 

Terminal pressure at the end of 
low-pressure stroke = 


the 


155 


2 pounds 


a terminal 
pressure of 9.7 with an initial of 31 = 
oy XX It = st a C= 


Drop from the terminal to the back 
pressure in the low-pressure cylinder = 


Real cut-off, which will give 


0.325) 


9.7 — 2.9=6.8 pounds. 


In determining the point in the return 
stroke where the exhaust valve should 
close and compression begin, we will use 
an average value calculated by two differ- 























ent methods. First, from a table for 
“Best Periods of Compression” from 
ite o dati A 
oe , a C 
' aid 
No. 2 a | 
A \ 
| 
H %, Foi C | 
Z lige i 
ec ———— ai * 
a ——< 
EFFECT OF COMPRESSION 
“Kent’s Mechanical Engineers Hand- 
book.” Second, from the conclusion, that 


the real ratio of compression should be 
equal to the real ratio of expansion, ar- 
rived at in an analytical investigation of 
“The Most Economical Cut-off for Steam 
Compression,” by H. T. Eddy. (See 
Power, August, 1897.) 

The effect of condensation is not taken 
account of in either of the above investi- 
gations, as they are based on theoretically 
perfect diagrams. The results arrived at by 
the use of these two methods agree in 
some cases. Where they fail to check we 
will use results obtained from Dr. Eddy’s 
work, as this is without doubt a close ap- 
proximation to the truth, and can be 
safely used in theoretical cases. 

For compression in the high-pressure 
cylinder, we go to the table in “Kent” and 
enter with: 

Back pressure = 


31 X 00 
155 
Cut-off = 25 per ecent. 


From the table we see that the period 
of compression should equal 21 per cent. 


= 20 per cent. of initial. 
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ior a cylinder having 7 per cent. clear- 
ance. Hence in our case we should use: 
0.02 __ 
—— 0.21=6 per cent. 
0.07 


Dr. Eddy’s method gives the following : 
Real ratio of expansion = 3.77. 
Real ratio of conspression = 





0.02+a 
0.02 ° 
Therefore 
0.02 +a 
0.02 377 
a= 5.5 per cent. = period of compression 


For compression in the low-pressure 
evlinder the following is obtained: 
Back pressure = 





29 
31 
Cut-off = 28.5 per cent. 
From the table, period of compression 
= 32 per cent. for a cylinder having 7 per 


04 
7 





= 9.37 per cent., say 10 per cent. 


cent. clearance, hence, 


X 32 = 18.3 


per cent. = period of compression. 
Dr. Eddy’s method gives the following 
results: 


Real ratio of expansion = 


1.04 
0.325 —— 


Real ratio of compression = 


ome 
0.04 


7 herefore 


2 .>.. tha =32. (68 per cent.) 
0.04 

We will use 8.8 per cent. in drawing our 
card, for which the above data is used. 

We will now endeavor to answer the 
question: What is meant by economical 
compression, and is it a practical ques- 
tion? 

Compression of a portion of the ex- 
haust steam during the return stroke in 
reciprocating engines is used for the fol- 
lowing reasons: 

First, to save steam per horse-power 
hour, that is, to get the greatest possible 
amount of work delivered at the crank- 
pin by the use of the minimum quantity 
of steam, or for the same reason that ex- 
pansion of steam is used. 

Second, to reduce the mechanical strain 
upon the crank and crosshead pins and 
journals, by cushioning the hammer blow 
of the moving parts at the end of the 
stroke. The strain upon the crank-pin, 
due to the inertia of the moving parts, 
may be reduced to zero by adjusting the 
final pressure of compression so that it is 
equal to or slightly greater than the back 
pressure in the other end of the cylinder 
plus the pressure due to the inertia of the 
moving parts at the dead point. 

Third, the friction losses of unbalanced 
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valves which have their greatest velocity 
when the piston is at the end of its stroke 
may be greatly reduced and their action 
made smoother by the use of high com- 
pression. 

Theoretically, the greatest area of dia- 
gram, and consequently crank-pin effort, 
per volume of steam involved will be ob- 
tained with expansion to the back pres- 
sure and compression to the initial pres- 
sure, in which case the ratio of expansion 
is equal to the ratio of compression, con- 
densation effects not considered. 

It is claimed by some that compression, 
by filling the clearance spaces with steam 


of high pressure, raises their temperature « 


and prepares them for the reception of the 
high-pressure steam from the boiler, re- 
ducing the initial condensation. This is 
no doubt true, but if these surfaces must 
be warmed, is it not cheaper to warm 
them with steam directly from the boiler, 
than to reconvert to heat for this purpose 
work which has already been developed in 
the cylinder at so many sacrifices 
stored in the fly-wheels? 

From an article by H. Klemperer, on 


and 


“Economical Effect of Compression in 
Steam Engines,” the following points 


show that it does not pay to warm the 
cylinder walls by compressing steam. 
Hence we see that if high values of com- 
pression are to be economical, the cylin- 
der should have a steam jacket. The con- 
clusions reached are as follows: 

First, compression is economical so long 
as during’ compression no condensation of 
the shut-off steam takes place. 

Second, the condition that compression 
be economical in steam is that the tem- 
perature of the steam at the end of the 
compression does not exceed the tempera- 
ture of the walls. It is, therefore, im- 
portant in practice that the economy of 
compression is not affected by the dura- 
tion of the compression, but is only de- 
pendent on the fina! compression reached. 

Third, compression is not economical 
when the steam consumption increases in 
proportion to the increase of the ratio of 
the amount of the compressed steam to 
the amount of fresh steam. 

There has been a great deal of discus- 
sion among engineers in regard to the 
effect of compression upon the efficiency 
of steam engines, in which case some men 
have failed to distinguish betweén maxi- 

power and efficiency. 
seem to forget that the term effici- 
as applied to a machine such as a 


mum maximum 
They 
ency 
steam engine or turbine means the ratio 
of energy output to the energy input, and 
that when it has its maximum value, the 
energy losses in the machine are the 
smallest possible. On the other hand, the 
term maximum power simply gives us an 
idea of the greatest load the machine will 
carry, but gives us no idea of the energy 
loss which occurs while carrying this load. 

Of course, there are other considera- 
tions, such as the relation between the 
cost of operation and the interest on the 
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capital invested, which enter in and de- 
termine the relative importance of maxi- 
mum efficiency as compared to maximum 
power. In this discussion we will confine 
ourselves to the fundamental idea con- 
veyed by the terms maximum efficiency 
and maximum power as applied to the ma- 
chines as power producers only, neglect- 
ing the cost of the material used in their 
construction. 

If we have a given engine and desire 
to get the greatest amount of power pos- 
sible from it regardless of the number of 
pounds of steam used per horse-power- 
hour, then we want to run with no com- 
pression and with steam of boiler pres- 
sure behind the piston the full length of 
stroke. However, if we desire to get the 
greatest possible power with the smallest 
quantity of steam, we should use expan- 
sion and compression, and the ratio of 
compression should be very nearly equal 
to the ratio of expansion. 

Is this a practical question? | 
say, yes. It is a question where a man 
must be familiar with’ the theoretical side 
of the question, in order to appreciate and 
comprehend its full meaning. There can 
be no real and definite line drawn between 
the truly theoretical and practical ques- 
tions of every-day life in all branches of 
activity. In dealing with all questions 
let us realize that there is a truth at the 
foundation of them, and let us endeavor to 
get at the truth. All truth is practical, 
and the man who possesses the most truth 
is the best fitted to deal with all questions. 


would 





Rope Driving 


By W. H. 


BooTH 


Though the transmission of power by 
of ropes is of much 
quent occurrence now than it once was, 
owing to the increased use of electrical 
power, there must still remain cases which 
But 


no defi- 


means less fre 


are best dealt with by ropes or belts 
to this day there appears to be 
nite expression of engineering opinion as 
to the tension in a running rope set up 
by centrifugal force. 

For years past engineers have taken it 
for granted that centrifugal force must be 
taken into account, and they have usually 
assumed such a working stress in a rope 
that at a velocity of 80 feet per second 
the stress due to centrifugal force for each 
additional unit of velocity is greater than 
the reduction of pull necessary to do the 
work. Going this assumption the 
speed of a rope is limited to about 5000 
feet per minute, and it is of very little 
use speeding up beyond even 4000 feet per 
minute. 

Other engineers argue that there are 
ropes which are running at a velocity of 
ever 7000 feet per minute and are show- 
ing no signs of the distress that might be 
expected at such a high velocity. But even 
if we allow centrifugal effect to its very 


by 


959 


maximum, is there any reason why a 
speed of 7000 feet per minute should cause 
distress in a rope? Surely not. A rope 
is not put under any greater unit stress 
for its working load. 

Suppose the factor of safety of a rope 
is 10, and at a certain speed it has a work 
pull of 150 pounds, also a centrifugal pull 
of 150 pounds. Let its speed be increased 
by about 40 per cent. so that its centri 
fugal stress is doubled. ‘The work pull is 
now only 107 pounds and the centrifugal 
is 300. Thus the total pull is 407 
pounds as compared to 300 for the slower 
speed. If the factor of safety was Io at 
the slower speed, it is 


stress 


now something 
over 7, so that there is really no reason 
to suspect the rope to be endangered at 
.the higher speed. 

Ropes are allowed so large a margin 
of safety that they may run at speeds much 
above their velocity of maximum strength 
without being in any way overdone. 
With every added foot of velocity the 
margin of strength may decrease, but the 
rope will continue to drive. 

For factories, which demand 
very steady driving, there are certain dif- 
ficulties down the velocity of 
the driving ropes, for to do so must mean 
either a more slowly rotating engine or a 
smaller fly-rim of perhaps less weight. 
A high-velocity rope rim means more 
stored and less fluctuation per 
cycle than in the.case of slower moving 
engines. In English cotton mills, where a 
few years ago the driving engines worked 
at 90 and 100 pounds pressure and ran 
at 60 rotations per minute, they now quite 
commonly work with a boiler pressure of 
180 pounds, at 125 revolutions per min- 
ute and have three cranks instead of two, 
all of which tends to steady driving. 


textile 


keeping 


energy 


Those who deny the centrifugal stress 
in ropes, do so on the ground that the 
ropes are held in the grooves of the rim 
pulleys sufficiently tight to counteract the 
effect of the centrifugal tension. It does 
not seem necessary to bring this into the 
argument at all, for the margin of the 
allowed strength is always so many times 
the working tension, that very consider- 
able additions to speed can be made with 
out encroaching unduly on the margin 

There is in England a growing tendency 
to displace belts by ropes. Ring spinning 
frames are now often driven by ropes of 
13/16-inch diameter in place of by a 3%- 
inch belt, a single rope only being em- 
ployed. It is claimed that ropes generate 
less electricity than do belts, and do not, 
therefore, interfere so much with the 
spinning operation. 

Driving ropes in England are now made 
chiefly of American cotton, a usual diam- 
eter being 134 inches. There are three 
strands to a rope, and in the case of some 
ropes running at 7040 feet per minute, as 
much as 93 horse-power per rope is be- 
ing transmitted. 

Obviously where there is a large mar- 


gin of strength, there is a wide field for 


960 


differences of opinion as to the effect of 
various factors which enter into calcula- 
tions. It seems hardly rational to sup- 
pose that where centrifugal force means 
so much in actual tension, there can be 
sufficient grip in the rope grooves of 40- 
degree angles to counteract the force. But 
it is quite easy to see that a factor of 
safety of, say, 7 instead of 10 will permit 
of much higher velocities being achieved. 
Lower factors of safety simply raise the 
so-called critical speed at which centri- 
fugal tension increases faster than the 
working power due to velocity. Apparently 
there is no mystery. It is a simple ques- 
tion of low or high margin, and.seems to 
point to the fact that the longevity of 
ropes has been largely due to the easy 
stresses to which they are subjected. 





Gas Producer Operation 
By Frank P. PETERSON 


“The Chief Requisites for Successful 
Gas-producer Operation,” contributed by 
A. S. Atkinson and published in the May 
12 number of Power AND THE ENGINEER 
is, in the writer’s opinion, deserving of 
some fair and well-meant criticism, since, 
as it stands, it certainly applies in no un- 
mistaken sense to some particular type of 
producer which Mr. Atkinson may or may 
not intentionally have had in mind. Such 
a conclusion leads to the suggestion that 
the discussion would have been more val- 
uable if specifically referred to the types 
of producer to which it properly applies; 
and only by reference can discus- 
sions intended for the education and bene- 
fit of operators reach the full measure of 
effectiveness. 

That manufacturers and their agents 
are over-confident as to the ease and sim- 
plicity with which their producers and 
engines may be successfully handled is 
often only too true; while that operators 
frequently take assurances that plants are 
self-operative too literally, to the extent 
of loafing on their jobs to the detriment 
of the resulting service, may just as aptly 
point to lack of energy as lack of skill. 
There is no gainsaying the fact that the 
lack of one or the other, or both, of 
these factors has caused too many _ in- 
stances of delay and interference to good 
plant operation. But what the writer de- 
sires to emphasize is the fact that these 
particular factors are too frequently not 
the whole source of troubles which arise 
and involve the operator, who may fol- 
low these discussions, in the difficulties 
that result in unsatisfactory showing and 
a failure to get prompt results in a new 
plant. 


such 


MANUFACTURERS AVERSE TO STEAM 
ENGINEERS 
In the main, the erector and instructor 
representing the manufacturer will be 


found to have a distinct aversion to the 
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taking over of the old steam-plant oper- 
ative, and, markedly, the licensed steam 
engineer, for the handling and mainte- 
nance of the gas plant, notwithstanding 
the fact that they are usually in a very del- 
icate position as to the expression of such 
sentiment to the purchaser of such a 
plant. Frequently the steam men are old 
and trusted employees, having the entire 
confidence and trust of their employers by 
right of long connection and faithful ser- 
vice. And very frequently they “make 
good” from the very start of the gas 
plant; in many instances, however, they 
do not. It will be a delicate matter for 
the writer to attempt to say why this is 
so. He is likely to bring down upon his 
head showers of censure from a mighty 


host of good and efficient and highly in- 


telligent workers, but the conviction is 
none the less deeply rooted from obser- 
vations in the field. 

Whether this condition may be a result 
of a “cock-sureness” on the part of the 
old steam-plant operator, whose experi- 
ence and training in‘steam work (in the 
writer’s opinion more difficult, after all, 
than gas) leads him to undervalue the im- 
portance of the special knowledge to be 
imparted and received to fit him for 
handling the gas plant; or whether his 
long inurement to reliance upon the steam 
engine, with sufficient boiler pressure vis- 
ible on the gage face, to continue to move 
with only oil and packing to be main- 
tained properly, may shorten his patience 
with the gas engine, or the combination 
of both, the condition notwith- 
standing. 

To the maintenance factors referred to 
in connection with the dutiés of the steam 
engineer, the gas engines add their equiva- 
lent and more, in ignition devices, in 
spring-actuated valves, in jacket-water 
control and the high working tempera- 
tures, to say nothing of accumulating 
carbon deposits and the rest; so that the 
former steam engineer needs to become a 
vastly more watchful man upon his transi- 
tion to the charge of gas engines, and 
it is hardly fair to term these new re- 
quirements in the sense of skill and in- 
telligence; they rather involve energy and 
alertness, following a due exercise of 
which the gas engineer may depend as 
surely upon his machine for results as he 
But 
to say that he needs to become more skil- 
ful implies that these added functions in 
the gas engine are more intricate or diff- 
cult of understanding to the mind of the 
operator, whereas they are not. 


HiGcH 


exists 


formerly did upon his steam engine. 


SKILL IN Firinc Not 


ESSENTIAL 


DEGREE OF 


And when we look to the producer for 
its share of the work, it is questionable 
whether the skill of the boiler fireman is 
required in order to obtain excellent pro- 
ducer operation. Some of those who have 
been through the mill, who have driven 
the poke-bar either to excess or insuf- 
ficiently, tell us that it is not all skill, 
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neither is it all zeal, that makes success 
and satisfaction and ease and simplicity in 
producer operation, but far more likely 
the rate at which the producer is worked 
and the general conditions of relation of 
producer capacity to engine capacity and 
load requirements. 

The writer has seen producer linings in- 
jured by the use of poke-bars. In no in- 
stance which he has observed could the 
zeal of the operator be condemned, be- 
cause there was need for determined ac- 
tion, and such action was not altogether 
misapplied, since it maintained some de- 
gree of service, however poor. And the 
point is that between clinker and lining, in 
some producers, the most extraordinary 
skill would be unable long to discrim- 
inate with a poke-bar with sufficient ac- 
curacy to conduce to the proper life and 
usage of the linings. And, in some other 
producers, an operator who would over- 
zealously destroy a lining would have to 
without the provocation from 
clinkers of such character as could in any 
way justify such action. There are few 
men who are prone to exert themselves 
needlessly to the destruction of a well-set 
producer lining of good material. 

The simple conclusion is that a pro- 
ducer so sadly overworked as to present 
to the operator solidly welded masses of 
clinker demanding such vigorous punch- 
ing as will injure the lining is misapplied, 
should not be taken f 


do so 


and for 
discussion and considered in the sense of 
generalities. 

The boiler fireman, without exception, 
is capable of understanding that if he 
allows his boiler to go dry there is going 
to be trouble, reliability of water supply 
and uniformity of pressure constituting 
very small measures of justification for 
his failure to do his duty. For the pro- 
ducer vaporizer of the character 
pendent upon these factors for safe opera- 
tion no high order of skill is demanded, 
and certainly it will be chargeable to rank 
negligence if an operator has not been 
properly cautioned and instructed. We 
may dismiss this feature with the state- 
ment that a gage glass would not be out 
of place on such a vaporizer, if a low- 
water alarm cannot be employed. 

In particular types of producer, and 
under certain conditions of operation, an 
operator may be justified in inspecting his 
fire very frequently, but such a statement 
applies again to the particular and not to 
the general conditions of producer opera- 
tion. The degree of knowledge, skill and 
experience will be exceptional indeed in 
the operator who can accurately and in- 
telligently discern the variations in tem- 
perature and working condition of a pro- 
ducer fuel chamber and find something to 
do in the lowering or raising of fuel 
depth, or the altering of those temper- 
atures that are dependent upon the vol- 
ume of work being done and are auto- 
matic to a very wide degree in the gen- 
erously designed and properly applied 
producer. 


such cases 


de- 
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FREQUENT INSPECTION A WASTE OF TIME 


In pointing to some special types of 
producer, which it is evident Mr. Atkin- 
son must have overlooked, we may just 
as definitely state that an operator would 
find it a foolish waste of time to examine 
his fire as frequently as every half hour, 
since there would be no visible change in 
appearance, and the admission of air 
through an opening made for inspection 
would only tend to dilute with air or im- 
proper products of combustion the quality 
of the constant flow of gas, and we are 
advanced beyond the period of the mica- 
plate peep-hole. 

Again, in types of producer having a 
heavy fuel-storage capacity, there could 
be no justification for cutting the work 
of charging up into small broken doses at 
a greater frequency than the capacity of 
the plant demands, and this fuel-storage 
capacity may run from five to ten hours 
for full-load operation. 

With reference to producers in general, 
the writer feels that a hard-and-fast rule 
may profitably be employed by every op- 
erator for the cleaning and charging of 
his producer fires to meet his own load 
conditions, where those conditions may be 
expected to repeat themselves with a rea- 
sonable degree of certainty; and where 
the conditions cannot be anticipated, then 
the only satisfactory way is to depend 
upon the fuel stored in the producer, and 
not on the operator’s ability or skill in 
charging fuel exactly as needed. 

We know the limitations of the suction 
producer with reference to wide load fluc- 
tuations. They are not greater than those 
ef the steam boiler, and the fireman must 
certainly have sufficient skill and intel- 
ligence to anticipate his peak loads and 
wide fluctuations with his furnace condi- 
tions and the cutting-in of his reserve 
boilers when required. 

The intelligent young man, with some 
knowledge of tools and repairs, knows, 
for instance, without thinking about it too 
long, the right direction in which to turn 
a nut on a right-hand screw thread when 
he wishes to tighten it: and the right kind 
of a steam engineer, who is not too seri- 
ously afraid of a little overtime until he 
gets a thorough understanding and the 
mastery of the gas plant, will have no 
trouble to get that mastery, and, along 
with it. results. The operator of a one- 
man gas plant, if he has a decent equip- 
ment to handle, will have labor to 
perform than will the operator of a steam 
plant of equal capacity. 

In justice to the conditions involved 
and the state of the art, it is not quite 
fair to discuss gas-producer operation in 
general terms which are not subdivided 
and referred to the different types of 
equally serviceable apparatus on the 
market, since the practical steps required 
in operating the different forms differ 
quite widely. But. so far as conditions of 
service in any or all of these producers 
may depend upon the quality of fuel used, 


less 
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this will be found to rest far more upon 
the ability and understanding of the manu- 
facturer to supply a producer of proper 
design than upon the skill and ability of 
the operator to use a low-grade fuel in a 
producer built for high-grade fuel. . 





The Day of Trouble 


EpW ARDS 


The first one of the big turbines had 
been running four days and nights, dry 
ing out; the strain of starting the new 


auxiliaries was beginning to wear off. My 
shift was drawing deliciously near its 


close, and I was full of anticipation, look- 
ing every moment for my relief, when all 
of a sudden the apprehension of evil per 
vaded the air. The engine which ran the 
18-inch centrifugal circulating pump began 
to slow down, and as the great turbine 
was pouring volumes of boiling steam into 
the condenser, I went to speed her up, 
with the hope of keeping my hot-well cold. 

At this juncture I heard the up-take 
pump lose her water, or saw by the gage 
on her delivery pipe that she had done so. 
This, of course, necessitated the shutting 
down of the boiler feed-pump, as she re- 
heater, 
which was dependent largely on the make 
up for its water, as the hot-well water was 


ceived her supply from an open 


nowhere near enough. 

So I flew around from one thing to 
another, as the oiler did not show up that 
day. 

Well, all of a sudden out came a pipe 
fitter from the oil room, yelling that the 
oil was running over. The oil was let 
down over the bearings of the turbines 
from tanks in the top of the station and 
then down to the basement into tanks, 
from which it was pumped back up to the 
roof. 

On this day it was coming down in a 
stream about the size of a telephone pole 
in a rural district, and when this news 
broke upon my ears, I knew that I was 
on my way out of the frying pan into the 
I ran in and tried to start the pump, 
which was at a dead standstill. I got her 
to move a very little. but on the turbine 


fire. 


roared and upstairs and down came the 
oil. I began to send up everybody in sight 
to tell the engineer in charge to shut down 
the turbine, but | don’t think I had sent 
over a dozen messages before the flow of 
oil began to diminish. Meanwhile all my 
“stuff” had stopped, or nearly so. 

About this time the engineer made his 
appearance, and shortly afterward in came 
the chief. wading through oil. He was a 
man of great determination and will, and 
had a temper not to be tampered with. 
He looked at me just like a Mexican upon 
the point of throwing a stiletto: then the 
storm broke and the air colored. I tried 
to tell him something, but he would not 
and J that silence n 


caw was ¢ 


hear me, 


OT 





the 


part of wisdom, for it was winter 
time and my rent was due. 
Well, the orders were to start things 


up. I told the engineer how things had 
acted, so he stayed with me, and sure 
enough the machinery started up, only 


slowly, and then “went dead” again. We 
sent word up to this effect just in time 


to avert another spill 
This called for an investigation, and 
the steam lines were traced. It was 


found that one of the pipe-fitters, having 
orders to close a certain valve, had made 
a mistake and the valve the 
line which led to the auxiliaries. There 


closed on 


happened to be a by-pass open through 


which we did get a little steam, and 
enough would accumulate to start the 
pumps, but not enough to keep them 


running. 
That night I dreamed of balky vacuum 
pumps, oil running over, and hunting a 
new job. Next day when I entered the 
station | saw a group of engineers and 
oilers talking, the 
To show you that he was not de 
void of manly principles, he beckoned me 
with a little upward jerk of the face and 
a “batting” of the eyes, as they do in ver) 
“Well, Ben,” 
will have to apologize to 


chief being among 


them. 


noisy places. he says, “I 
you; it Was 
nothing you were to blame for, or any of 
a 

“The day 
of trouble will come alike to all.” “It is 
a long lane witheut a turn.” “Silence 
keep while others speak.” “Saw wood and 
say little.’ “All things will come to him 
who will but wait,” and hustles while he 
waits. 


Old proverbs are applicable: 


Scranton Has a Boiler Inspector 


On May 28, Charles R. Flint, 
president of Pennsylvania Associati. : 
16, N. A. S. E., was appointed city boiler 
Penn. He will 
work under the direct jurisdiction of the 
director of public safety. 
made 


vice- 


inspector for Scranton, 


The appoint 


ment was a result of a recent 


civil-service examination in which 


as 
I2 ap 
plicants were entered, three of them drop 
ping out. Five passed the examination 





Electric 
publication 


the Traction 


its 


On June 12 
IVeekly removed 
from Cleveland, O., 


offices 
to Chicago, IIL, with 
its new offices in the Manhattan building. 
The first issue from the new location will 
be mailed from Chicago on June 18 





The Railroad of New York, 
and the Railway Age, of Chicago, have 
the title of 
Railroad Age Gazctte, with headquarters 
at 83 Fulton street, New York City. W. 
H. Boardman is president and editor, E. 
A. Simmons vice-president, Ray Morris 


Gazette, 


become consolidated under 


secretary and managing editor and R. S. 
Chisholm treasurer. 
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POWER AND THE ENGINEER. 
More Moonbeam Chasing 


The St. Louis Post-Despatch devotes a 
column of its front page to the announce- 
ment, with a three-line heading, of the 
fact that Alexander Marshall claims to 
have discovered a method whereby the 
coal used in boiler furnaces may be re- 
duced one-half by burning limestone. He 
got his idea from an item in the Post- 
Despatch descriptive of some experiments 
by a Mr. Ridder, of the water-works plant 
at Baden. Mr. Ridder made gas for light- 
ing by heating limestone in retorts over 
the fire. Mr. Marshall evidently over- 
looked the fact that Mr. Ridder simply 
drove off the carbonic-acid gas by heating, 
and carbureted the gas. There is abso- 
lutely nothing’ in limestone to burn. Its 
formula is CaCO;. All the carbon in it 
has satisfied its affinity for oxygen and to 
get a combustible carbon out of it 
would be like trying to get hydrogen out 
of water. It can be done, but it costs pre- 
cisely as much heat as would be generated 
by its re-combustion. Mr. Marshall will 
get just as much good by putting water 
into the fire, and it is less trouble and 
cheaper than the !:mestone. 


gas 





Questions and Answers 


There seems to be a‘misunderstanding 
on the part of some of the readers of 
Power AND THE ENGINEER of the mission 
of this publication. It is published for 
people who are either directly or indi- 
rectly interested in the generation and 
transmission of power, but of late the itm- 
pression seems to havé become fixed in 
the minds of a host of readers that a corps 
of puzzle editors has been imported, and 
that a reader who does not immediately 
send in, for first-aid treatment, a list of 
examination questions, numbering from a 
baker’s dozen to a gross, is derelict in his 
duty to the paper. As a rule these ques- 
tions from Branch, Kelly, 
Roper, or the “Power Catechism,” and the 
correct found with the 
questions. Culling these queries from the 
pages of hand-books and asking someone 
to reply to them does not benefit anyone, 
unless perhaps the incidental improvement 
in penmanship which naturally follows the 
exercise of copying bodily a list of eighty- 
nine questions, as happened in one case, 
could be called benefit. 

PowER AND THE ENGINEER and _ its 
whole editorial staff are at the service of 
its readers. The paper is published for 
them, but to devote time and space in 
replying to questions culled from pub- 
lished catechisms and textbooks, is a 


are .selected 


answers can be 


length of waste to which the paper does 
not care to go, and time cannot be given 
to questions that have in some form ap- 
peared in the paper within .a very few 
weeks. 

Some time ago Mr. Darlington sent in 
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from Ohio an account of an examination 
which he had passed in Cleveland. Just 
three weeks after Mr. Darlington’s article 
appeared a subscriber in Ohio sent in a 
list of forty-nine questions, twelve of 


which were treated by Mr. Darling- 
ton, and the remaining thirty - seven 
are so elementary that any ordinary 


engineer ‘should answer them off-hand. 
Very little is gained by the man who 
takes his mental exercise by proxy. 
He gets a little more benefit, but not 
much, than would be gained by the man 
who takes exercise or nourishment in the 
same way, and until a man has given 
earnest study to a problem a solution of 
that problem will be of little use to him. 
As exercise strengthens the muscles and 
gives them facility of action, so also men- 
tal exercise strengthens the mind and gives 
it facility and skill in mental operations. 
Problems that readers cannot solve, or 
that will interest the general reader of 
PowER AND THE ENGINEER will be wel- 
come, but elementary questions, catch 
questions and puzzles are not desired. 





What is the Most Economical 


Vacuum for Reciprocating 
Engines ? 


general understanding, 
especially among marine men, that for a 
reciprocating engine twenty-four or twenty- 
five inches of vacuum is good enough—bet- 
ter, in fact, than more. This assertion has 
been made so often lately in connection 
with the discussion of the high vacuum 
desirable for turbine work that it rather 
presses for analysis. 


There is a 


As between twenty-four and  twenty- 
eight inches there will be a difference of 
forty or fifty degrees in the temperature 
ot the hot-well, rather more than the dif- 
ference the actual temperature 
corresponding to the vacua, because with 
the lower vacuum there is likely to be a 
This 
would make a difference of four or five 
per cent. in the work upon the boilers, 
and it is doubtful if it would make as 
much difference in the other direction in 
the efficiency of the engine. The recipro- 
cating engine with its incomplete expan- 
sion cannot make the best use of a high 
degree of vacuum, and the increase of 
temperature range in the low-pressure 
cylinder affects its performance preju- 
dicially by increasing the cylinder con- 
densation. 


between 


greater percentage of air present. 


But there is no need of running the 
whole plant at a low vacuum to keep up 
the feed-water temperature, when a small 
part of the steam voided will serve to 
heat all the feed away above the temper- 
ature due to the poorer vacuum. By 
running the auxiliaries into a _ heater 
under back pressure, the feed-water may 
be heated above two hundred degrees, 
and the efficiency of the auxiliaries 
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enormously increased if they are credited 
with the heat returned to the system. 
With the question of the temperature 
of the eliminated, how far 
should the attainable vacuum be sacriticed * 
The prejudicial influences remaining are 
the increased cylinder condensation and 
the greater infiltration of air, imposing 
more work upon the With the 
whole océan to draw the expense 
for condensing water consists only in cir- 


feed thus 


pumps. 
upon, 


culating it; with water-sealed joints the 
air leakage should not be serious, and, as 
-above remarked, the pumps are the most 
efficient portion of the system if credited 
with the heat which they reject. 

There is another phase to the question. 
A marine engineer will tell you that he 
can “get a fraction of a turn more out of 
ther with a better vacuum, but she will tell 
you it.” The higher 
“throws her out of balance.” 
labors visibly, especially if 
nected, leaks multiply with exasperating 
rapidity and the slight ad- 
vantage is gained at the expense of work, 
worry and vigilance out of proportion to 
the benefits derived. 

A friend who operates an electric sta- 
tion says that the cost per kilowatt-hour 
begins to go up if the vacuum is increased 
above twenty-six inches, but their feed- 
water heating capacity is not sufficient to 
prevent a falling off in the temperature 
of the feed with the bettering of the 
vacuum. We invite discussion and espe- 
cially statements of the results of practice. 


about vacuum 
The pump 


direct-con- 


econoniical 





The Small Plant and the Con- 


sulting Engineer 


If you go into a central station or other 
power plant of the ,size and type where 
one man is actively for all 
classes of engineering work and suggest 
that in certain features the plant might be 
improved, you will usually be told that the 
plant is too small afford employees 
qualified to look after all the finer points 
in the electrical and steam and mechanical 
departments; it is cheaper to put up with 
certain small wastes than to employ men 
capable of analyzing and remedying them. 
Right here is where the consulting engi- 
neer comes in strong. There is no plant 
so small that it would not pay to have a 
consulting engineer visit it at certain in- 


responsible 


to 


tervals—once a year, say—and analyze the 
operating conditions and methods, mak- 
ing a detailed report of finds 
amiss and what ineasures 
should be adopted. This suggestion ap- 
plies also to extensions of small plants. 
It is the most fodlish “economy” to save 
the expense of an outside, unprejudiced 
expert when additions of importance are 
to be made. The one fly in the ointment 


what he 


corrective 


in both cases, however, is that the con- 
sulting engineer must be judiciously 
selected. This can best be done by in 


vestigating the work that has been done 
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the man whose advice one contem- 
plates buying, and, particularly, ascertain- 
ing at first hand what his clients think of 
him and the results he has procured for 
them. 


by 





Engineers and Mental Effort 


Last November a manufacturer of indi- 
cators, reducing wheels and planimeters 
sent to the secretaries of the many subor- 
dinate associations of the National Asso- 
ciation of Stationary Engineers a list of 
ten questions relating to indicator prac- 
tice, with an offer to give to the associa- 
tion sending in the most nearly correct set 
of answers to these questions a complete 
working indicator. the association 
sending in the second-best set of answers 
he offered a reducing wheel, and a direct- 
reading planimeter was offered as a third 
prize. The questions were direct, simple 
and practical, and every one of them should 
be answered correctly by any engineer at 
all familiar with the indicator and its use. 
Two of the questions relating to the area 
of diagrams might be answered differently 
by different persons and still not be far 
from accurate. 


To 


In the measuring of dia- 
grams, either by means of ordinates, or 
with the planimeter, the personal equation 
might produce fractional differences in re- 
sults which could almost called 
negligible, and had the decision of the 
judges depended on the answers to these 
two questions alone, the results might 
have been much different. In answering 
these two questions, which dealt entirely 
with areas, the results varied by a small 
per cent., showing that the engineer is a 
careful, painstaking worker in classes of 
work that require manual skill, while in 


be 


cases that need the faculty of reasoning 
from cause to effect he is neither pro 
ficient nor logical. 

At several recent conventions of the 
National Association of Stationary Engi 
neers the plea has been made that the 


engineer is more than the mere follower 
entitled to 
craftsman; 


worker 
than the 
that his work so often borders upon, and 
the field 
sional, that, if not officially recognized as 


of a trade—a more 


consideration usual 


at times enters of the profes 
a professional, he should be so recognized 
He has frequently called at 


tention to the fact of the confidence placed 


by society. 


in him by his employer and by the pub 
lic: to the fact that much of his work is 
mental that machine, of 
machines, had been devised which will 
take his place in the industrial field and 
render his skill worthless, as has been the 


and no or set 


case with the shoemaker, and in a lesser 
degree in the case of the blacksmith, the 
carpenter the machinist. And on 
these facts has based his claim for 
recognition; if not as a full-fledged pro- 
fessional, at least that of a professional 
If he desires to be recog- 


and 
he 


working man. 
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nized as a man to be seen only in a hard- 
boiled shirt and spectacles, with slide-rule 
ind steam tables, he should, when asked 


to prove his claim to this distinction, 
“produce the goods.” 
The results of the indicator contest 


proved that either he cannot, or will not, 
do this. Of the few return- 
ing official answers to the questions the 
highest of 
was eighty-three, while the lowest should 
not, if those the 


associations 


percentage accuracy reached 


entering 


contest were 
real engineers, have fallen below ninety 
five, and the five per cent. lacking of 
accuracy should have fallen on replies 
relating to area, where the variation 
would be due to lack of precision or 
skill in using the planimeter, or spac- 


ing and measuring ordinates. As a mat- 
ter of fact, the greatest departure from 
correct replies was in answers to ques- 
which 
should in all cases of this kind be exact. 


tions involving mental processes, 
It was here that the engineer fell down 
and showed that 
was either inferior or 


his mental equipment 
not in good work 
ing order. 

Take, for example, a recent question in 
which it is requested that the point of 
cut-off and release be marked, as well as 
admission and expansion lines. Nearly 
everyone failed on this question, which 
though quite simple, requires the exercise 
of the reasoning faculties. The cut-off is 
accomplished when the cut-off valve is 
fully closed and is shown on the diagram 
by a change fram a convex to a concave 
curve where the line merges 
and becomes the expansion line. 


steam into 
The cut- 
off does not occur while the valve is clos- 
ing, as was marked by all but one 


testant. 


con 
All the other points on the dia 
eram can be accurately located by the 
same course of reasoning. 

If'the engineer really believes that he is 
more than a manual worker, it is up to 
him to make good his claim when he is 
of 


livelihood require the exercise of brains 


given an opportunity. If his means 
rather than manual skill, he is entitled to 
a professional to the same ex 


But 


be styled 
tent that any other brain worker is 
that in the 
of instances he is simply a skilled manual 
of 
other workers and mechanical appliances, 


if it is shown vast majority 


worker, or a good foreman in charg« 


his claim to professional titles falls with 
the usual dull thud. eng! 
makes of He 
can by his attainments elevate his vocation 


Just what an 


neer himself he will be 
to the dignity of a profession, if he will; 
or he can sink it below the level it occu 
pied in the beginning, when an engineer 
was regarded as one of the necessary and 
of a steam plant, 


attendant expenses 


which must be kept as low as_ possible 
Men are honored by other men for what 
they are rather than for what they do 
Let the engineer show in his daily life in 
the engine room, and out of it, that he is 


a professional and he will be freely ac- 
corded the title 
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Power Plant Machinery and Appliances 


Original 
No 


Manufacturers 


of 
or 


Descriptions 


Cuts 


Power 
Write-ups 


Devices 
Used 





MUST BE NEW OR 


American Disintegrator and Coal 


Crushing Rolls 


With the advent of the mechanical 
stoker, it became necessary to reduce the 
larger pieces of coal. to a size convenient 
for handling with the least trouble, being 
careful to crush the coal in such manner 
as to keep the small pieces uniform and 
avoid making dust. A machine which 
seems to be adapted for this kind of work 
is manufactured by the C. O. Bartlett & 
Snow Company, Cleveland, O. It com- 
bines capacity and uniformity in crushing, 
and is constructed with four rolls, the two 
upper being designed for receiving large 
pieces of coal and cracking them for the 
second, or finishing, rolls, which reduce 
the coal to the proper size. 

Each roll consists of six steel sections 

















AMERICAN DISINTEGRATOR AND COAL-CRUSH- 
ING ROLLS 
bolted to end = spiders. The crusher is 


inclosed by a practically dust-tight iron 
As all parts are interchangeable, 


each section may be taken out for repairs 


housing. 


or renewal without disturbing the others. 

The rolls are connected by gearing, so 
that power is applied only to one driving 
pulley. The top rolls revolve at 160 rev- 
olutions per minute, while the speed of 
the finishing rolls is 170 revolutions per 
minute. One roll of each set is placed in 
stationary bearings, while the other roll of 
cach set is fitted in bearings backed by 
springs, as shown; hence, when a large 
piece of coal is delivered to the rolls, the 
spring permits the roll to accommodate 
itself to it. The capacity of this crusher 
is from 50 to 100 tons per hour, run-of- 
mine coal, the capacity depending upon 
the fineness of the crushed product. 


Anderson Patent Controlling 
Altitude Valve 


A valve which should meet with favor 
where conditions are such that the amount 
of water in a water tank is automatically 
regulated, especially in regions where the 
regulator is liable to freeze, is the Ander- 
son patent controlling altitude valve which 
is designed to operate under varying pres- 
sures. If the valve is placed in a pit under 
the tank, or any conveniently accessible 

Connection to Delivery Side 
4 ————— TT 
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Outlet 





SECTIONAL 


place, and _ protected - from freezing 
weather, it insures a water supply at all 
times. 

The illustration shows the main valve 
closed, there being two auxiliary valves H 
and J. The operation is as follows: With 
the main valve closed, if water is drawn 
from the tank, standpipe or reservoir, the 
pressure is removed from the top of the 
diaphragm RF, causing the valve-spindle K 
te rise, which the high-pressure 
auxiliary valve H to close and the ex- 
haust valve J to open, permitting the 
water above the piston or valve B to 


allows 





AND END VIEWS OF 


INTERESTING 


escape through WM and N. As the pres- 
sure above the valve is removed, the pres- 
sure under the valve B forces it open. 
The water above the valve acts as a cush- 
ion in opening, and, at the same time, as 
the valve travel upward it 
draws air in through the port F, in the 
side of the body, to cushion the valve 
when closing. 

The water in the tank having reached 
a predetermined hight, the pressure enter- 
ing through the small pipe JT is dis- 
tributed on the top of the diaphragm FR, 


begins to 
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THE ANDERSON 


ALTITUDE 


VALVE 


causing the valve spindle K to close the 
auxiliary valve H, thus allowing the pres- 
sure to come top of the valve B 
through the ports L and M. Owing to 
the greater area being on top of the valve 
B, it is forced to its seat, thereby shut- 
ting off all water. This action of the main 
valve B brings the air cushion into opera- 


on 


tion, compressing the air and forcing it 
out through the port F, thus preventing 
shock in closing. 

The body and top are made of extra- 
heavy cast iron, the upper portion of the 
body being lined with bronze, and the pis- 
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FIG. I. 


ton or valve is of polished bronze fitted 
with rubber cups and seats. This valve 
is made by the Golden-Anderson Valve 
Specialty Company, Fulton building, Pitts- 
burg, Penn. 





A New Metallic Piston-rod 
Packing 


A new type of metallic piston-rod pack- 
ing is shown in Figs. 1 and 2, the first 
being suitable for saturated steam, and 
the second for superheated steam. Fig. 1 
shows the application of the packing to a 
stuffing-box and rod. It is made up of 
the bushing A and ring B, which are of 
cast iron, and the metal flanges C D, 
which are composed of 74 parts lead, 16 


parts tin and 10 parts antimony: The 
packing is applied as follows: 
The cast-iron bushing B is first in- 


serted; next, the white-metal flange D. 
which is fitted with several water grooves 
E. followed by the cast-iron ring A and 
metallic flange C. The cast-iron pressure 
gland comes next, in which is an inner 
pressure gland, between which and the 








FIG, 2, 


PACKING DESIGNED 





PACKING SUITABLE FOR SATURATED STEAM 


Qos 


C, which are fitted with pins as shown. 
Then another cast-iron ring is inserted, 
followed by a second set of three rings 


as at D, and last, by an outer cast-iron 
ring E, having chamfered corners. The 
chamfered corners on both rings A and 


E are for the purpose of forming a seat 
for a copper wire, three millimeters in 
diameter, which makes a steam-tight joint 
The whole held in 
place by the cap or stuffing-box gland F, 
which is made of cast iron. 


at these points. is 
The rings ( 
and E are held against the rod by means 
of a spring G, shown in the sectional end 
view of the rod and packing. This pack 
ing manufactured H. Bollinckx, 
Brussels. 


is by 


Forged Steel Bolted Joints 


The forged-steel bolted joint perfecte« 
lately by the American Spiral Pipe Works, 
Chicago, is a pipe connection designed fo: 

















FORGED-STEEL 


ring H is placed a section of soft packing. 
Fig. 2 shows side and end views of the 
packing used with superheated steam, ar- 
ranged as follows: 
First, a foundation ring A, chamfered 
at B, is placed in the stuffing-box of the 
engine, followed by three cast-iron rings 





FOR SUPERHEATED STEAM 


BOLTED JOINT 


hydraulic purposes. It is made entirely of 
of forged-steel 


flanges, with necessary bolts, and a cen 


steel and consists two 
ter sleeve or barrel recessed at both ends 
to allow for the insertion of beveled-edge 
rubber, used as packing. 

Pipe connections in which this joint is 
used are made in the following manner: 
The flanges are first slipped over the ends 
of the pipes to be connected and the cen 
ter sleeve or barrel placed over one end 
of the pipe, until it strikes a projection on 
the inside of the sleeve. The other pipe 
is then pushed into the other end of the 
until the projection reached. 
Beveled strips of rubber are next placed 
on the pipe and pushed into the recess 
at each end of the sleeve, or the space be- 


sleeve is 


tween the pipe and the center body, as 
shown in the illustration. The flanges are 
body and the 
bolts drawn up evenly around the pipe. 
The hubs of the flanges engage the rub 
ber, causing it to expand. 


next brought toward the 


The joint is 








966 


intended to withstand pressure up to 800 
pounds. This joint allows slight deflec- 
tions to be made in the pipe, to conform 
to changes in grade lines. The sizes range 
from 6 to 36 inches. 





New Type of Vertical Duplex 
Pump 


We herewith illustrate and describe a 
new type of vertical duplex pump, manu- 
factured by the Blake & Knowles Steam 
Pump Works, 115 Broadway, New York 
City. The pump is designed for steam 
plants where floor space is an important 
consideration, or for marine service. It 
is constructed with steam cylinders and 
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The pump is designed for a working 
water pressure of 200 pounds per squar 
inch. The piston fitted with 
fibrous packing which can be reached by 
removing the lower heads of the water 
cylinders. The valves are also easily acces- 
sible. The pump can be fitted for pump- 
ing hot or cold water, or other liquid as 


is 


water 


required. 





Condenser Tube Packing 


A type of condenser-tube packing for 
use in conjunction with a special washer 


is shown in Fig. 1. It is designed to take 


Cube Sheet 


Flexible 


Packiug Washer 


Coudenser 
Tube 
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Exhaust Steam Turbines 


installations of 


turbine - power 


Two. remarkable ex- 


hatst - steam generating 
plants have been recently completed by the 
Bergmann Company in Germany. One 
of them, that of the Hoesch Iron Works, 
Dortmund, consists of two 500-kilowatt 
steam turbines, 750 1500 
revolutions per minute, both coupled to 
direct-current generators of 590 volts. 


horse-power, 


These turbines are supplied with steam 
from a 5000-horse-power reversing roll- 
ing-mill engine, and develop all the power 
required for driving the motors, operating 
the live roller gear, and also supply energy 
to two 500-horse-power wire rolling-mill 
The power obtained from the ex- 
in this installation thus ex- 


motors. 


haust steam 
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FIG. 1. MANNER | 
the place of the old-time lacing, and it is 
claimed that it will outlast the condenser 
tube. It consists of finely twisted yarn, 
closely woven into a cdil. The coils are 
uniform and each is inserted with a spe- 
First, the fiber 


cial flexible-fiber washer. 





INSERTING PACKING 


ceeds 1500 horse-power for practically no 
cost at all, except the interest 
capital outlay of the plant. 

The second installation is of exceptional 
interest in that it is probably of a unique 
character; it is in operation at the iron 


on the 
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BLAKE & KNOWLES VERTICAL DUPLEX PUMP 


similar to those on the 
regulation horizontal duplex pump. The 
cylinders are of the piston pattern and 
are fitted with brass linings. 

The steam and water ends are tied to- 
gether by a cast-iron centerpiece which 
prevents the cylinders from getting out of 
alinement. The cylinders are also fitted 


running parts 


with brackets for bolting to bulkheads, or 
walls, but a special base is provided for 
each pump when it is desired to set it on 
the floor. 








FIG, 2. PACKING TOOLS 


washer is placed on the tapered end of the 
small packing tool shown in Fig. 2, the 
The 
packing-ring and washer are then inserted 
at one operation, by placing the smaller 


washer going next to the ferrule. 


-end of the tool into the condenser tube, 


and, with the packing driver, pushed into 
the counterbore. The ferrule is then in- 


serted. Eight tube-ends can be packed 
in one minute. This packigg is man- 
ufactured by Joseph Allen, Collingswood, 
N. J. 


works at Remscheid. At this works there 
are 15 steam hammers of various sizes for 
All the ex- 
pipes from these steam hammers 
are lead into one main pipe, which in turn 
leads to the turbine. 


forging rounds and squares. 
haust 


This turbine is of 
500-kilowatt capacity, 250 volts, 750 horse- 
power, I§00 revolutions per minute. The 
steam enters the turbine at atmospheric 
pressure, or in any case the pressure does 
not exceed, when all the hammers are at 
work, three pounds per square inch. 














June 16, 1908. 


Inquiries 
Questions are not answered unless they are 


of general interest and are accompanied by 
the name and address of the inquirer. 








Difference Between 
Initial Pressure 


Steam - chest and 

What is the proper difference between 
the pressure in the steam chest and the 
initial pressure in the cylinder in different 
types of engine? Would you expect the 
difference to with a 
pressure than with a lower? 


be less high gage 
BS. <b, 

With ample port area and moderate 
speed the drop is hardly perceptible, and 
“proper” difference is the least which it 
is possible to have. 

The difference would be greater with a 
high pressure than with a lower. 
The difference is the head necessary to 
induce the flow. The amount of energy 
required for this purpose is represented 
by the formula 


gage 


E= W Vv? 
2g 
where 
W = Weight flowing per second, 
V’ = Velocity of speed per second, 
g=Acceleration due to gravity = 
32.16. 


The energy is proportional to the ratio 
of expansion, as much energy being de- 
veloped by the expansion of a pound of 
steam from I0 pounds to nine, as from 
100 to go. For this reason again the dif- 
ference in pounds would be greater in the 
case of the higher pressure. 


How Metric Springs Are Marked 
Are metric springs marked the number 
of millimeters the pencil point will travel 





POWER AND THE ENGINEER. 


in the second line the millimeters of 
movement for one kilogram per square 
centimeter on the larger size of indicator, 
and in the third line the movement for 
the same unit on the smaller size of indi- 
cator. For example, with a spring adapted 
to a pressure of four kilograms per square 
centimeter, the movement would be 
millimeters for one kilogram pressure, or 
60 millimeters for the four kilograms, plus 
15 millimeters for the atmospheric pres- 


15 


_ Two Sizes of Indicator. For the Larger: 
Travel of pencil point, 75 millimeters; for the 
smaller: Travel of pencil point, 50 millimeters. 


Pressure in Kg. 1 2 3 4 5 67891011 12 1520 


Mm. per 1 kg.) 

Per square ! 
centimeter | 
(largersize) ) 
(smaller size) 30151210 8 


50 2520151210987 6 6 5 4 8 
7655 1 43.5 3 2 


Example: Pressure = 4 kg. per square centi- 
meter; for 1 kg. travel of pencil point, 15 milli- 
meters. 4 15 = 60 millimeters; for vacuum 
left, 15 millimeters. 60 15 =75 millimeters 
(larger indicator). 


~~ 


75 millimeters in all for the 
larger-sized indicator. 


sure, making 


Table of Boiling Points of IWater 

Can you give me a table showing the 
boiling points of water at different alti- 
tudes? 


Fahrenheit water 
will boil at one degree less of temperature 
for an average of about 550 feet of eleva- 
tion above sea-level, up to a hight of half 
a mile. At the hight of one mile, one de- 
gree of boiling temperature corre- 
spond to about 560 feet of elevation. In 
the table the mean of the temperatures at 
the two stations is assumed to be 32 de- 
grees Fahrenheit, at which no correction 
for temperature is necessary in using the 


At 70 degrees pure 


will 











through for one kilogram per square following table: 

Boiling Altitude | Boiling . Altitude Beiling Altitude 
Point Barom., above Point Barom., above Point Barom., above 
in Deg. in. Sea Level, | in Deg. in. Sea Level, in Deg. in. sea Level, 
Fa ° Feet. Fah. Feet. Fah. Feet. 
184° 16.79 15,221 196 21.71 8,481 208 27.73 2,063 
185 17.16 14,649 197 22.17 7,932 208.5 28.00 1,809 
186 17.54 14,075 198 22.64 7,381 209 28. 29 ,539 
187 17.93 13,498 199 23.11 6,843 209 . 5° 28.56 1,290 
188 18.32 12,934 200 23.59 6,304 210 28.85 1,025 
189 18.72 12,367 201 24.08 »,764 210.5 29.15 754 
190 19.13 11,799 202 24.58 5,225 211 29.42 312 
191 19.54 11,243 203 25.08 4,697 211.5 29.71 255 
192 19.96 10,685 204 25.59 4,169 212 30.00 8.L. 0 
193 20.39 10,127 205 26.11 3,642 212.5 30.30 261 
194 20.82 9,579 206 26.64 3,115 213 30.59 511 

195 21.26 9,031 207 27.18 2, 589 
CORRECTIONS FOR TEMPERATURE 
Mean temperature Fah. in shade. 0 10° 20° | 30° | 40° 50° | 60 70° 80 90 100° 


Multiply t 


Vv 


centimeter of pressure, or are they given 
a double marking, as: 10 kg.-1 mm.? 
We: os 4. 

The pressures are measured in kilo- 
grams per square centimeter, and the 
travel of the spring or of the pencil point 
in millimeters. The accompanying table 
will give you in the first line the pressure 
in kilograms per square centimeter, afid 





933 .954..975 .996)1 016|1 036/1.058}1.079)1.100 1.121)1. 142 


Relative Hights of Stacks, Air Spaces in 

Grates, elc. 

(a) Which requires the higher chim- 
ney, hard or soft coal? 

(b) Give the amount of air space in a 
properly designed grate for the different 
kinds and grades of coal. 

(c) If a steam gage does not register 
there is no pressure in the 


zero when 


Q07 






boiler, what would be the proper thing to 
do? 

(d) With what velocity would steam at 
110 pounds gage pressure discharge into 
the atmosphere at the normal pressure of 
14.7 pounds? Also, into a vacuum of 26 
inches? 

(e) What would be the static energy 
the 


steam 


and what kinetic energy of a cubic 


foot of under the conditions im 


question 4? 


hight of a chimney 
The intensity 


the 


adds intensity to the draft. 


(a) Increasing 
required depends upon the size of the coal 
more than whether it 
the 
and 


is anthracite or bi 

the coal the 
compact the the 
the hight of 
situminous 


tuminous; smaller and 
thicker 


greater the draft, and henc« 


more fire 


chimney required coal 1s 
more apt to comply with these conditions, 
besides requiring more air per pound 


(b) Any kind of coal ought to have all 


the air space that can be given it. Mak 
your air space as ample as you can in 
any case without letting unburned fuel 


through. 


(c) If a steam gage does not register 
zero when there is no pressure im_ the 
boiler, test and adjust it. If you can get 


it right in only a part of the scale, make 11 
right in the vicinity of the pressure or 


dinarily carried 


(d) Steam at 110 pounds gage pressure 
would discharge into the atmosphere at 
the velocity of 2611 feet per second It 
would discharge into a vacuum of 2f 


inches at 34506 feet 

(e) It is not understood what is meant 
the the “kinetic 

energy” of a cubic foot of steam under the 


by “static energy” and 


above conditions. The energy derivable 
from expanding one pound from 110 
pounds (125 absolute) to atmospheric 


pressure is 106,041.4° foot-pounds, and t 
26 inches vacuum 
185,708.6 foot-pounds 


(2 pounds absolute) 


Which Valve Raises Highest? 
Which valve raises the highest, that set 
for 100 pounds, or that set for 10 pounds 

pressure, both being pop valves? 
D. 


When the lower pressure is more than 
about 60 per cent. of the higher pressure, 
both being absolute, the weight of steam 


S 


flowing through a given area will be in 


to the absolute 


direct pr portion pres 
sure. 

The absolute pressures in this case are 
the atmospheric pressure 15 
pounds for easy figuring) 10-4 15 = 25, 
15 = 115 pounds. Through the 
same therefore, there will flow 
115 — 25= 4.6 as much steam in a given 
time .at 100 as at*1o pounds gage pres- 
sure, and the high-press::1re valve would, 


(calling 


and 100 
area, 


therefore, have to lift only enough to ex- 
pose proportionately less area in order to 
discharge the same weight of steam in a 
given time. 





Book Reviews 


PRACTICAL STEAM AND Hot-waTER HEAT- 
ING AND VENTILATION. By Alfred G. 


King. Published by the Norman W. 
Henley Publishing Company, New 
York. Cloth; 400 pages, 6x9 inches. 


Price, $3. 

This is an educational work, intended to 
benefit the steam and hot-water fitter and 
his apprentice. It is a practical treatise, 
beginning with the evolution of heating 


and ventilation and ending with rules, 
tables and useful information. Several 


chapters are devoted to boilers and ap- 


pliances and fittings used therewith, 
chimneys, piping and radiators. Steam, 


hot-water and air systems are described 
and commented upon. Details of practi- 
cal work are given a great deal of atten- 
tion and descriptions of the apparatus of 
the systems and their operations given. 
Different methods, specifications and con- 
tracts, with examples of forms of con- 
tracts, make one of the interesting divi- 
sions of the work. 
information in 


A few rules and other 
Chapter 28 are a little 
misleading in character, as, for instance, 
the statement that 224 gallons of pure 
water weigh one ton, which should be 
“taken with a grain of salt.” This mis- 
statement, like those that 13.44 gallons of 
water weigh 100 pounds, and 35 per cent. 
of the product of the depth of the cylin- 
drical tank by the square of its diameter 
will equal its capacity in gallons, is prob- 
ably due to an oversight on the part of 
the proofreader, and will be corrected in 
future editions. More than 300 illustra- 
tions, from original drawings, are dis- 
tributed where they will best aid the text. 
lifty-nine tables, giving data on all points 
connected with the subject wind up the 
book, which with its complete index, will 
be a valuable addition to the standard 
reference books of the steam and_hot- 
water fitter, whether a working man ora 
contractor. 


ENGINEERS’ CHArts. Prepared by Joseph 
E. Branch. Published by Rand, Mc- 
Nally & Co., Chicago, New York and 
London. Three illuminated 
charts, 22x28 inches. 
each. 


wall 
Price, 50 cents 


We have received from the publishers 
a set of engineers’ charts, three in num- 
b (a 


inches wide by 28 inches long, 


provided with brass loops for hanging 
upon the wall of the engine room. or 
study. The charts are printed in colors, 


intended to catch the attention, and give 
a sort of bird’s-eye view of the history 
ind development of the steam boiler, the 
steam engine and thé electric. generator. 
The first chart deals with the evolution of 
the steam boiler, from the time of Wor- 
ester in 1663, to the pliocene period of 
water-tube boilers, with cast-iron headers 
ind mud-drums, and 


much his 


‘ontains 
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torical matter in concise form relating to 
the eight types of boiler shown in tri- 
color. 


The second chart covers a longer his- 
torical period and is devoted to steam 
engines, beginning with the reaction tur- 
bine described by Hero about 120 years 
before the Christian era, followed by pic- 
tures of engines designed by men at vari- 
3ranca, 1629; Savery, 1693; 
1705; Watt, 1764; Horn- 
blower’s compound engine, 1781; the Cor- 
liss drop cut-off, 1848, and an electro of 
the bucket-wheel of the De Laval turbine 
designed in 1883. 

The third chart to the 
velopment of electric generators. It is 
like the others, historical, but with the 
exception of the mention of Oersted’s ex- 
periments in 1819 and Faraday’s in 1831, 
and the dates of the birth and death of 
Faraday, the author seems to have lost all 
account of the times things hap- 
pened in the electrical world. The illus- 
trations are in black and yellow and repre- 
sent Oersted’s experiments with the mag- 
netic needle, Faraday’s five experiments 
and an elementary dynamo, and two toy- 
size electric generators. 

Illustrations of types of apparatus on 
each chart are accompanied with descrip- 
tive and instructive text, principally on the 
question and answer order, which adds to 
the educational value of the charts. It 
would be an improvement to cover the 
face of the charts with a coat of white 
shellac, after the manner of Kelley’s 
grease-proof engine-room instructor. The 
charts sell for 50 cents each. Aside from 
their instructive features they have an 
ornamental value on the walls of an en- 


ous times: 
Newcomen, 


is given de- 


when 


gine room, the office or the rooms of 
engineers’ clubs and associations. 
Tue METALLURGY OF IRON AND STEEL. By 


Bradley Stoughton. Published by the 
Hill Publishing Company, New York 
and London. Cloth; 506 pages, 6x9 
inches; illustrated. Price, $3. 

This work is from the pen of the ad- 
junct professor of metallurgy, School of 
Mines, Columbia University, New York 
City, and is intended for use as a text- 
work 
ence for men engaged in the manufac 


book for students and a of refer- 


ture of iron and steel. It covers the entire 
field of iron and steel metallurgy from the 
mining of the ore and the preparing of 
coke to the production of finished forms 
in rolled, forged and cast products of iron 
and steel. In the introduction will be 
found a concise definition of the various 
grades of iron and steel, and a chapter is 
given to the elementary chemistry of the 
subject, which makes the book equally 
available to those who have had no train 
ing in chemistry as to those who are ex 
perts in chemical science. The primary 
processes of manufacture, such as pig iron 
and its purification, wrought iron and 
crucible steel, the bessemer and open- 
h h steel treated in detail. 


neartl StCCIS, 


ire 
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VIII is devoted to the me- 
treatment of iron and steel— 
forging, rolling and wire-drawing, and a 
comprehensive comparison of the differ- 
ent methods. A chapter is devoted to 
founding, in which the art is discussed in 
all its features—making molds, designs of 
patterns, melting processes, comparati' 
cupola practice, etc. 

The solution theory of metals, 
especial reference to iron and _ steel, 1s 
treated, in Chapter X, in an interesting 
manner which holds the attention of the 
most casual reader. Chapters are devoted 
to the constitution of cast iron, malleable 
iron, wrought iron, steel and steel alloys ; 
to corrosion, electrometallurgy, metallog- 
raphy, and the chemistry and physics in- 
troductory to metallurgy. References to 
other works and different chapters of this 
work aid the student and reader to get a 
clear idea of kindred topics along the 
lines of the subject matter of each chapter. 

The book is thoroughly illustrated, with 
descriptions of processes in mines, fur- 
naces, mills and foundries, of tools, ma 
chines and core making, all being treated 
in a comprehensive manner. A complete 
index of the subject matter finishes the 
work which, being the latest and most 
complete of its class and is believed to be 
the only one published for some years, 
should find its place among the books of 
students and all interested in any branch 
of the iron industry. 


Chapter 
chanical 


witlt 





Books Received 


“Power Gas Producers.” By Philip W. 
Robson. Published by Edward Arnold, 
London, Eng. Cloth; 247 pages, 5'%x 
8% inches; 105 illustrations; indexed 
Price, $3. 

“Telephone Construction, Installation, 
Wiring, Operation and Maintenance.” By 
W. H. Radcliffe and H. C. Cushing, Jr 
The Norman W. Henley Publishing Com- 
pany, New York. Cloth; 171 pages, 4x 
634 inches; 125 illustrations; indexed 
Price, $1. 





in Review of Professor 


Peabody's Book 


Erro rs 


On page 716 of the May 5 number, in 
“Tables 
“Tem 
line 
does 


the review of Professor. Peabody’s 
of Saturated 
perature Entropy 


etc.,” under 
Table,” the fourth 
temperature 378; it 
The tenth 


etc.; it does 


Steam, 


should read, 


read, temperature 380. line 


should read 1.72, read 


I.71, 


/ 


1.73, 


Be oc 





United States at the 
more than 5000 central sta 
tions engaged in the production and dis 


are in the 
time 


There 


present 


tribution of electricity for lighting. 
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Economical Lubrication of 


Large Plants 


Where the hub of a fly-wheel or large 
gear is so close to the bearing that there 
is not sufficient space to fasten oil pans 
under the bearing all excess of oil will be 
lost. Such bearings can often be lubri- 
cated economically by packing a lump of 
medium-hard grease on the journal 
at each end of the bearing and _ feed- 
ing a little oil in the middle. The grease 
will prevent the oil from running out too 
fast, and at the same time help to lubri- 
cate. 


CyYLINDER-OIL 
To determine the proper amount of 
cylinder-oil to use, make the conditions 
as favorable as possible, then gradually 
reduce the oil feed and note the action of 
the valves. If they work smoothly, all 
right; but if they commence to groan in- 
crease the oil feed slightly. After this the 
cylinder-head should be removed and the 
surface of the cylinder examined. If it 
looks oily, and when wiped with a piece of 
soft paper a stain is left on the paper, it 
is certain that oil enough is being used. 

Nearly all plants spend more than is 
needed for lubrication, due partly to 
wasteful methods in partly from 
using unsuitable lubricants, and often to 
paying prices higher than necessary. The 

, first can be greatly prevented by syste- 
matic methods of issuing the lubricants 
and charging them to the different depart- 
ments and by installing more economical 
appliances. 

In regard to more suitable lubricants in 
many plants there is often slow-speed ma- 
chinery, on which it is not practicable to 
recover the oil used, in which case a good 
grade of dark lubricating or black oil will 
often answer as well as the more expen- 
sive oils. A works that was using large 
quantities of an expensive grade of cylin- 
der-oil on its machinery where a heavy 
machine oil would have answered equally 
as well, could have effected a saving of 
more than $2000 a year. 

To purchase good lubricants at the low- 
est prices, it is best to buy on specifica- 
tions, asking bids and awarding a 
tract for a year’s supply to the lowest re- 


use, 


con- 
sponsible bidder. 


GREASE 


Greases can often be used with good 


economy, but they have their limitations 
Where the speeds and pressure are low, if 
the greases are of the proper consistency 
and fed to the bearings by suitable com 
pression cups, they often give excellent ré 


sults. Greases are what is known as 


* Abstract of a paper by William M. Davis, 


of the Arthur D. Little Laboratory, Boston. 
Mass., read before the Boston Society of 
Civil Engineers, December 18, 1907, and 


printed in full in the Journal of the Associa- 
ticn of Engineering Societies 
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“plastic lubricants;” their particles have 
far less tendency to free movement than 
is the case with oils. Many greases have 
as their base a petroleum oil combined 
with some animal fat, the whole solidified 
them with a of 
caustic soda, lime water or other alkalies, 
making a plastic compound that will vary 
in its lubricating value according to the 
proportions and the quality of its com 
ponent parts. While greases have certain 
advantages as regards cleanliness, ease of 
application, etc., if used on general mill 
and factory machinery they will tend to 
add to the friction load what it 
would be if oil were used. To see what 
this would amount to in the case of the 
plungers of pumping en- 
gines, a test was made on a vertical com- 
pound-pumping engine running under a 
constant load and at 20 revolutions 
minute, having four plungers, two being 
31% inches in diameter and two 22 inches 
in diameter, all having a uniform stroke 
of 64 inches. The plungers were packed 
with square hemp packing, which had been 
well soaked in oil, and several times a day 
were swabbed with oil. Two sets of indi- 
cator cards were taken. The first with 
the plungers lubricated with oil showed 


by combining solution 


over 


water-works 


per 


the engine to be developing 762.67 horse 
The plungers were then smeared 
with soft grease and another set of cards 
taken which showed the engine to be de 
veloping 835.17 horse-power, making an 
increase of 72.5 horse-power, or more than 
To per cent. In this particular case grease 
would have been ¢ very expensive lubri- 
On thc other hand, there are 
places where grease is the only lubricant 
that can be used. In rolling-mill work, 
owing to the nature of the duty and 
the construction of the machinery, it is 
the only lubricant that can be used suc- 
cessfully. On rolls used for rolling rails, 
structural steel and in merchant mills, the 
journals or necks are kept flooded with 
water, and a saponifiable grease must be 


power. 


cant to use. 


used, that is, one containing a large per 
cent. of fatty oils, so that it will adhere to 
the wet surfaces. In sheet-steel and tin- 
plate mills where it is impracticable to use 
water, and the journal or neck tempera- 
tures often go over 400 degrees, a dense 
grease compounded with a large per cent. 
of high-flash test petroleum oil must be 


used 





On account of the large number of re- 
for Bulletin No. 15 of the Engi- 
necring Experiment Station, University of 
Tlinois, “How to Burn Tllinois Coal 


quests 


on 


Without Smoke,” by L. P. Breckenridge, 
a second edition of 10,090 copies has just 
been issued \ large number of the 
copies already distributed have heen re 


quested hy the smoke inspection depart 
ments of many of the large American 
cities. Copies may be obtained gratis upon 
application to the director, Engineering 


Fxperiment Station, Urbana, TIl 


. 1908 It is 


YOO 


Tests of a Liquid Air Plant 


Bulletin No. 21 of the Engineering Ex- 


periment Station of the University of 
Illinois, “Tests of a Liquid Air Plant,” 
by C. S. Hudson and C. M. Garland, has 
just been issued. The plant on which 


these tests were made consists of a four 


Norwalk 


Hampson liquefier of the laboratory typ 


stage air compressor and a 
The compressor was driven by a 15-horse 
power Westinghouse induction motor. The 
objects of the tests were to determine 
(1) The power required to liquefy the 
air; (2) the cost; and (3) the most favor 
The effect 
of the temperature and pressure upon th 


able conditions for operating. 


efficiency of the liquefier was determined, 
and incidentally, some data were obtained 
upon the keeping properties of liquid ain 
bulbs of different 
under different conditions. 
An interesting paragraph relates to th 


in Dewar sizes, and 


as a medium in the 

The of the 
available energy of the liquid to the 
work required to produce it was calcu 


efficiency of liquid air 
production of power. ratio 


air 


lated under various conditions, and it wa 
found that under the most favorable con 
of the 
work required to produce the liquid air 
can be recovered by using the air to drive 


ditions, not more than 2™% per cent 


a motor. 





Personal 
Prof. Arthur L. Walker has been ap- 
pointed professor of metallurgy and ad 
ministrative head of the Department of 


Metallurgy at Columbia University. 


Prof. Charles H. 
Schools of Engineering of Purdue Uni 


Jenjamin, dean of the 


versity, was signally honored at the com 
mencement exercises at the Case School 
of Applied Cleveland, recently 
when the degree of Doctor of Enginee: 
ing was conferred upon him 


Science, 


Osborne Monnett, formerly of the edi 
torial staff of The Engineer, 
appointed Western editor of Power AND 


has been 
Tue ENGINEER, with headquarters at 355 
Ill. Thomas 
editor of The 


Dearborn street, Chicago, 
Wilson, formerly associate 
Engineer, has joined the staff of Power 


AND THE ENGINEER in a similar capacity 
con 


en 


[llinois, 


Prof, Ira O. Baker, for “ars 


nected with the Department of 
of the 


granted 


34 ( 
Civil 
University of 
the tri 


eineering 


has been by istees leave 


one year from July 1 


that 


f absence for 


understood Professo: 
he work ot 


‘Ma 


executive duti 


faker will devote himself to 


his well-known book on 


revising 

mrv Construction.” The 

of the Department of Civil Engineerin 
° 

will during 

DD. if if P 


absence he yssuiitied ty 


his 


Bre 0k : 
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Explosion on U. S. S. ‘‘Tennessee”’ 





The country was shocked again recently 
by reading of a boiler-tube explosion on 
the armored cruiser “Tennessee,” on June 
5, with the sad result of four men killed 
outright and ten injured, several fatally. 
Rear-Admiral Sebree stated that it was 
an unavoidable accident, but undoubtedly 
many persons are wondering if the boiler 
in question contained any of the defective 
tubes about which there was an official 
inquiry, which came to nought, a 
time ago. 


short 





\t the commencement exercises of -the 
Thomas S. Clarkson Memorial School of 
Technology, Potsdam, N. Y., on June 12, 
addresses were delivered by Henry Taylor 
Bovey, past president of the Canadian 
Society of Civil Engineers, William R. 





Hill, special deputy State engineer, of 
\Ibany, and others. 
The Electric Railway Review, which 


was formerly the Street Railway Review, 
has been purchased by the McGraw Pub- 
lishing Company and consolidated with 
the Street Railway Journal, with the title 
‘f Electric Railway Journal. 





Business Items 


Pie Parker Boiler Company, of Philadelphia, 
Penn., is erecting a 499-horse-power boiler 
at the Astoria Veneer Mills, Long Island City, 
N. Y.; also three boilers in the new building 
of the Lawyers’ Title Insurance Company, New 
York, and two at the Raymond Lead Company, 
Chicago, Ill. 

The H. W. Johns-Manville Company, of New 
York, announces the opening of a branch office 
in Indianapolis, Ind., to take care of the local 
requirements of the trade in that territory. 
This office, which is located at 30 South Penn- 
sylvania street, Indianapolis, will be under the 
management of Charles E. Wehr, who, for 
several years has represented the company in 
that section. : 

“The Treatment of Belts and Ropes for Ser- 
vice and Profit’’ is the title of a little book of 
S7 pages, bound with flexible cloth covers and 
issued gratuitiously by the Cling-Surface Com- 
pany, of Buffalo, N. Y. While issued primarily 
in the interests of Cling-Surface, it contains 
much of the miscellaneous information regarding 
ropes and belts which has been gathered by 
the contact of the Cling-Surface people with 
thousands of belt users all over the world. 
Another book similar in size, by Thomas Farmer, 
Jr., and ©. Willard Evans, describes at length 
tests made to determine the effect of different 
preparations as applied to belts. 





New Equipment 


———— ae 


The Key West (Fla.) Electric Light Company 
contemplates enlarging its power plant. 

The citizens of Tulsa, Okla., 
» $250,000 for water works. 


voted to issue 
The power house at the Binghamton (N. Y.) 


State Hospital is to be rebuilt at a cost of about 
$18,000. 
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It is reported that the Pulaski (Tenn.) Gas 
Light Company will make improvements at 
its plant. 

Plans have been completed for a cold storage 
house for the Wisconsin Cooler Company, She- 
boygan, Wis. 

The St. Andrews (Fla.) Light and Power Com- 
pany, a new concern, will construct a plant at 
a cost of about $12,000. 

Plans are being considered for the construc- 
tion of an electric light plant at Abbeville, Ala. 
P. A. McDaniel, mayor. 

The Great Northern Railroad is rebuilding 
its power plant in Superior, Wis., which was des- 
troyed by fire some time ago. 

The citizens of Laurel, Md., have voted in 
favor of issuing $15,000 bonds for the construc- 
tion of a new electric light plant. 

It is reported that the Trustees of the Colum- 
bus State Hospital. Columbus, Ohio, have selected 
a site for a cold storage and ice making plant. 


Plans are being prepared by Burns and McDon- 
nell, Kansas City, Mo., for an electric light plant 
and water works system at Moundridge, Kans. 

It is announced that the Fairmount & 
Clarksburg Traction Company will build a 
new power house at Clarksburg, W. Va. 

I.. A. Pearson, West Milton, Ohio, is con- 
sidering plans for the construction of a 
hydro-electric plant to cost about $10,000. 

The Telluride Power Company, Provo, 
Utah, contemplates installing a steam-turbine 
plant. R. P. Fairbanks should be addressed. 

It is reported that the Southern Pacific 
railroad will build a large power plant on 
the Klamath river, near Klamath Falls, Ore. 

Plans are being considered for installing 
gas engines and gas producers in the muni 
cipal electric-light plant at Wakefield, Mass. 

Plans are being prepared by John W. 
Early, Columbus, Neb., for the construction 
of a municipal electric-light plant at Genoa, 
Neb. 

Contract has been awarded by Watson and 
Huckle for the erection of a large power plant 
for the St. Johns Catholic Church, Philadelphia, 
Penn. 

The Board of Trustees of the Soldiers’ and 


Sailors’ Home, Sandusky, Ohio, will receive 
bids up to June 1 for boilers and steam 
pumps. 


It is reported that a new steam engine is 
to be installed in the Bankers’ Trust Com- 
pany building, Tacoma, Wash., some time this 
spring. 

The Board of Water Works, Saginaw, 
Mich., has recommended the construction of 
a new pumping station. Estimated cost, 
$12,000. 


It is reported that the Orangeburg (S. C.) 
Light and Water Company contemplates pur- 
chasing new equipment. O. M. Roberts, chief 
engineer. 


The Adrian (Ga.) Power Works, has been 
incorporated with $50,000 capital. J. E. 
Taylor, W. W. Strickland and others, in- 
corporatots. 


The city of Danville, Va., is contemplating 
the construction of a new municipal electric 
light plant to cost $150,000. Frank Talbott, 
superintendent. 


The citizens of Stillwater, Okla., voted to 
issue bonds to the amount of $33,000 for 
water works extension, $7000 for electric- 
light plant, ete. 


. The Macon (Ga.) Railway and Light Com- 
pany is making improvements in its system 
and is planning to install a 3000-horse- 
turbo-generator set. 


It is reported that the officers of the Utah 
County Light and Power Company, American 
Fork, Utah, are considering the erection of 
another power plant. 
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The Manor Valley Electric Railway Company 
has applied for a charter to construct an electric 
railway from Manor, Penn., to Export. H. A, 
Lauffer, Manor, Penn., president. 

The Gallatin Valley Electric Railway is con- 
templating the construction of an electric rail- 
way from Bozeman, Mont., to Salesville. C. N. 
Jacquette, Bozeman, chief engineer. 

The Louisiana (Mo.) Light, Power and Trac- 
tion Company is considering plans for the erection 
of an electric power house and repair shops. 
F. E. Murray, secretary. 

Plans will be prepared by J. W. Bleidt, city 
electrician, Little Rock, Ark., for an electric 
light plant to cost $40,000. A 450-horse-power 
steam turbine will be installed. 

The Isthmian Canal Commission will receive 
bids up to 10:30 a. m., June 29, for two water 
tube boilers, breeching, uptakes, pipe 
and fittings for same, electrical fixtures, incan- 
descent lamps, etc., as per Circular No. 446, 
which can be obtained of the General Purchasing 
Officer, Washington, D. C. 


stacks, 





Help Wanted 


Advertisements under this head 


are in- 
er ted for 25 cents per line. About six words 
make a line. 

AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago. 

WANTED—Thoroughly competent steam 
specialty salesman; one that can_ sell - high- 
grade goods. Address ‘‘M M. Co.,’? Power. 


WANTED-—Salesman on 
high grade power specialties. 


commission for 
Address, stating 


experience, Chas. T. Luce Co., 160 Congress 
St., Boston, Mass. 
WANTED—Experienced salesmen _ every- 


where to handle an article which must be used 
on every engine and pump and numerous other 
places. We want live men that can produce 
results; to such we have an attractive proposi- 
tion. Box 5, POWER. 
W ANTED—Central 
has had practical 
and direct 
parallel; also 


who 
alternating, 

operating in 
Give names of 


station engineer 
experience with 
current apparatus, 
steam turbines. 
references and state why change is desired. 
Salary $85 per month, 12-hour shift. None 
but good practical engineers need apply. Station 
located in Texas. Box 4, Power. 


Situations Wanted 


Advertisements under this head are in- 
erted for 25 cents per line. About six words 
make a line. 

ENGINEER will pay $50 commission to 


anyone who secures or helps him secure a posi- 
tion as engineer, assistant engineer or station 
man in Rocky mountains or West. Box 82, 
POWER. 

WANTED—Position as chief engineer of 
street railway or manufacturing plant. Twenty- 
five years’ experience with boilers and engines, 


a.c. and d.c. generators. Can give results. 
Box 92, POWER. 

WANTED—Position as chief engineer. Twen- 
ty years’ experience, fifteen years in charge 


of power and lighting plants; six years in present 
position. 3000 k.w. turbine plant. Good refer- 
ences. Box 2, POWER. 

SITUATION wanted with engineering con- 
cern or in charge of plant by man experienced 
in sales, design, erection and operation. Power 
plants and power transmission, reciprocating 
and turbine. References. Box 3, Power. 


Miscellaneous 


this 
line. 


Advertisements 

serted for 25 cents 
make a line. 
ALL PRACTICAL ENGINEERS should ap- 
ply to Wm. O. Webber, Consulting Engineer, 
432 Exchange Bldg., Boston, for information 
concerning tables on all engineering subjects. 

A NEW MECHANICAL STOKER. Leslie 
Dunn, McKinley Ave., East Orange, N. J., in- 
ventor of the oscillating mechanical stoker 
wants to meet a party to take over half share 


under 
per 


head are in- 
About six words 


and place stoker on American market. 
WANTED—Three motor, second hand, elec- 
tric traveling cranes, good condition. Two, 


65 ft. span, five ton capacity. One 388 ft., five 
ton, with auxiliary trolley; one 70 ft., two and 
one-half ton; one ¢9 ft., five ton. State speeds. 
Address “E,’’ Seventh Floor,# Heeren Idg., 
Pittsburg, Pa 
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A Simple Turbine Plant in New England 


A Decidedly Interesting Installation in Which the Turbines Are 
Practically the Only Apparatus to Be Seen in the Engine Room 





The remark that has been made of some 
turbine installations, that “it is hard to 
find the turbine among the auxiliaries,” 
certainly does not apply to the Curtis in- 
stallation at the mills of the Nashua Man- 
ufacturing Company, at Nashua, N. H. 
The relative levels of the canal and river 
are such that water will flow to the barom- 
etric condenser without pumping, while 
the condenser head is far enough above 


This set is also run at night for maintain- 
ing watchman’s lights throughout the 
factory and for lighting the boiler and 
engine rooms. Through the day excita- 
tion is furnished by the 35-kilowatt induc- 
tion-motor generator set, shown at the 
right in Fig. 2 and in the foreground in 
Fig. 3. 

Fig. 4 is a view in the basement, show- 
ing the 18-inch exhaust main leading 


the step, the surplus oil being by-passed. 
Continuity of operation is therefore not 
endangered by a possible slowing down of 
the pump to a point where it might stop. 
With this arrangement and the duplicate 
pump ready for immediate service, the 
probability of interruption to the supply 
of oil to the step is so remote that in the 
opinion of Charles H. Austin, the designer 
of the plant, the accumulator would be 




















FIG. I. SHOWING TURBINE INSTALLATION AT NASHUA MANUFACTURING COMPANY'S PLANT 


the river to give the fall required for its 
discharge against atmospheric pressure. 
The only auxiliary required, therefore, is 
the step-pump, which is located in the 
basement, leaving in the turbine room 
nothing but the turbines, the two ex- 
citers and the switchboard. 

The turbine sets consist of two 500-kilo- 
watt 600-volt three-phase units, shown 
from different positions in Figs. 1 and 2. 
The latter figure shows also in the fore- 
ground the 25-kilowatt Curtis turbine- 
driven exciter set used in starting up. 


out from the turbine to the condenser, 
which stands outside the wall toward 
which the camera was pointed when this 
view was taken, and which is shown from 
the outside in Fig. 5. 

The turbines stand upon substantial 
brick foundations, circular in form. The 
step-pumps occupying the center of Fig. 
4 are Worthington duplex pumps of the 
pot-valve type, installed in duplicate. No 
accumulator is used, nor automatic regula- 
tion for the pumps, which are run at a 
speed greater than that required to feed 


an unwarranted complication of a beauti- 
fully simple outfit. ' 

The oil-cooling and filtering tank is 
shown in the background of Fig. 4, while 
on the brick pier at the right are the 
rheostat grids operated by shafts from the 
switchboard immediately above. 

The condenser is a Manning-Bulkley. 
No dry-vacuum pump is used, nor any 
special provision made for expelling the 
air, but a vacuum of between 28 and 29 
inches is easily maintained. The 
7 feet below the neck of the con 


canal 
level is 








POWER AND THE ENGINEER. 








June 23, 1908. 




















FIG. 3. SHOWING SWITCHBOARD AND 
denser, and the hot-well is 34 feet below 
the neck, with a fall of about 5 feet from 
the hot-well to the river. 

The initial installation of one turbine 
was made between two and three years 


ago and proved so satisfactory that it 


MOTOR-GENERATOR 


IN NASHUA PLANT 
was duplicated to meet the increasing de- 
mand for power. The first unit was taken 
apart and examined after being in service 
for two and a half years, running ten 
hours per day, and was found in excellent 
condition, no signs of corrosion or erosion 











FIG. 5. VIEW OF CONDENSER 
appearing upon the blades, although the 
steam is not superheated and at times car- 
moisture. 


ries considerable 











FIG. 2. 


ANOTHER VIEW OF TURBINE SETS, SHOWING 
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TURBINE-DRIVEN EXCITER 





AND MOTOR-GENERATOR SET 
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Power Plants for Sawmills 





By W. J. BLackmuR 


The choice now open to the proprietors 
of sawmills, as to what power they shall 
buy, is a very perplexing one, and often 
leads to disappointment. So many men 
are ready to furnish details of what they 
can do with certain plants and of what 
little power is needed to drive certain ma- 
chines, that not only are sawmill proprie- 
tors led into difficulties, but engineers are 
also led astray as to the requirements of 
woodworking machinery. 

For instance, take two sawmills; there 
may be the same number of machines in 
each, but the probability is that the power 
taken by each mill varies by some 30 per 
cent., or in another case a mill in which 
the machines are worked lightly will con- 


as to whether it would be best 


question 
to drive all the machines by electricity. 


WATER PoweR PRACTICALLY ELIMINATED 


In England the question of water power 
does not come into the problem; in Amer- 
ica it is now almost a matter of whether 
the mills are required for season work, 
or throughout the year. In most 
though, even in the States, the power of 
the sawmill is confined to 
steam, suction gas or electricity. 

It may be said that this problem of 
power is the same in every industry, and 
that in flour mills, other 
places, the proprietors are seriously de- 
bating as to which is the most reliable 
and cheapest power. 


cases, 


now either 


factories and 


The sawmill, how- 
ever, is distinctly different, as very few 
industries make sufficient refuse from 
their work to supply them with the neces- 


This does 


sary fuel for producing power. 

















FIG. 4. 


sume about half the power needed in one 
which is hard-driven. 

All this was of no importance a 
years ago. The engineer could make a 
rough estimate of the power required by 
the machines and allow a good margin for 
any excess; then order a power plant 
which would cover all these requirements. 
This was straightforward sailing, and the 
worry of underestimating did not enter 
into the calculation of the engineer. 

Today, things are different. In 
cases the sawmill proprietor wants the 
power plant which will just drive his: mill. 
He is not eager to have any excess or re- 
serve power. If he intends to arrange for 
future development of his business, he 
proposes to put down other power. 

Take the case of a man starting a mill. 
The engineer is called upon to say what 
it shall be. What are the advantages of 
steam, reciprocating or turbine, or both? 
What are the advantages of a suction-gas 
plant for a sawmill? Then the ever ready 


few 


most 








VIEW IN BASEMENT, SHOWING STEP-PUMPS AND I8-INCH EXHAUST MAIN 


not mean that a sawmill must of necessity 
be driven by steam, but only as a result 
of the working of the mill there must be 
refuse which is good fuel and should be 
used if it does not cost too much for its 
collection. 

At present, then, the three powers which 
are competing for the driving of a saw 
mill are: Steam, gas and electricity. 


The steam engine holds its place in 


many cases because it was installed be 
fore the gas engine was an efficient power 
producer, and because it was in the mill 
The en- 
gine and boiler have perhaps worn un- 
equally. The engine has been completely 
overhauled; then a new boiler took the 
place of the old one; then the engine was 
replaced by a new one, so that the mill 
will then have a new engine and a boiler 
half worn out. So it may be continued 
This is no “fairy story,” but 


before the days of electricity. 


indefinitely. 
many engineers have had just such ex- 
periences 
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Such concerns which are owned by men 
who will not scrap half-worn-out tools to 
replace them with a new set, can never be 
expected to be entirely up-to-date. Their 
tools will always be a generation behind. 

With a gas engine this half renewal of 
a plant would not occur; all of it would be 
removed if old and unserviceable, and the 
power plant could then be made modern. 
These little details, which are often un 

tend to make the 
serious rival to steam 


noticed, gas engine 


such a and elec 


tricity. 


ELECTRICITY 


The reverse of those feelings which 
prompt a man never to renew his plant 
until it is condemned actuates the owner 
who is keenly alive and desirous of mov- 
with the want electricity. 
Electricity is in the air, and is a sign that 
the owner of a mill driven by electricity 
has no second-rate, obsolete machines, but 
is right up-to-date. This has the 
case in many instances, and some of these 
their 
been 


ing times to 


been 
sawmill proprietors, in gratifying 
for 
badly burnt 


whims “up-to-dateness,” have 

Electricity has its advocates as well as 
gas and steam, and it would be wrong to 
say that it is not a capital power for some 
sawmills. It is, but in many cases it is 
not. First and foremost, it depends on 
what vou have to pay for electricity, and 
what kind of work you intend to do in the 
mill. 

The engineer who rushes in and advises 
the sawmill proprietor to use electricity 
because it will save power lost in trans- 
will him to 
place the machine regardless of any line 
of Shafting, is not counting all the costs, 


mission, because it enable 


and is not fully aware of all the facts of 
the case. 
and why 


fully when 


should be 


To understand 
electricity recommended, it 
would be best to state a case in which it 
would be possible to get good results from 
this power. Take a saw or joinery mill in 
which the power is used in various build 
ings placed considerable distances apart. 
Most of the machines are used but for a 
little time, and there is power required in 
this 


the piling and stacking yards. In 


case electricity can be used advanta 
geously. [t would save an enormous amount 
of shafting, and would also save an enor 
amount of which would be 


mous power 


required to turn this shafting. Unless an 
elaborate system of grouping is planned, 
and in many inills planning is the excep 
would 
other 
A cable carrying the current is 


tion and not the rule, electricity 
give good results compared with 
powers. 
better than revolving shafting, and only 
pewer used would be charged for. This 
is the ideal condition for electricity as a 
power for driving a mill; the reverse 
would be as follows: 

A mill in which there is but a short line 
of shafting, and from this is driven heavy 
sawmill machinery which is kept hard at 








974 


work. If the machines were driven by 
electricity, the number of units consumed 
would be enormous, much more _ than 
either steam or gas. Here, then, the con- 
flict with regard to the powers that could 
be economically used, would be between 
the steam or gas engine. Before pro- 
ceeding, it should be recognized that when 
electricity is mentioned, it does not apply 
to such as can be obtained at Niagara, 
with its phenomenally cheap electricity, 
but to ordinary towns where electricity is 
sold from 1% to 4 cents per unit for 
power. 

When asked for his decision as to the 
best power for a proposed mill, the first 
thing for the engineer to ascertain is the 
value of trade refuse in that particular 
town. In some cases the refuse in a mill 
will more than pay the fuel bill. 


Gas Power 


For cleanliness and to lessen the risk 
of fire, a series of gas engines is by far 
the best outfit for a sawmill. It is poor 
economy to make a large-sized mill de- 
pend upon one power producer. A hitch, 
perhaps, in some insignificant part and the 
whole plant is idle for hours. Besides, it 
is not possible with a single large gas en- 
gine to obtain that grouping of machin- 
ery which gives the best results. 

Without going «into detail, it might be 
mentioned that the shafting can be driven 
by separate engines, arranged so that they 
can be easily connected by means of 
clutches. A gas engine is almost as self- 
contained as an electric motor, and it does 
not require continuous watching. A little 
skilful planning would soon effect a way 
by which these engines could be arranged 
to work separately or conjointly. Indeed, 
this problem is one which can be so easily 
solved that it need not enter into con- 
sideration. 

There is another problem, however, 
which may present itself to the engineer 
who has to arrange power for a sawmill. 
It is presumed that the owner is in favor 
of a gas plant; that modern gas producers 
and engines are to be installed; then it is 
remembered that a drying kiln for dry- 
ing timber will require steam for heaters. 
At once the questions are raised: Why 
have two distinct powers in the mill? Why 
have a boiler for the kiln and gas for the 
engines? Here is a possibility of further 
using the power of the engines. There 
are several apparatus upon the market for 
utilizing the waste gases from the engines 
to raise sufficient steam for use in a dry- 
ing kiln. Here, then, is the answer to the 
questions. The gas engines work the mill, 
and the exhaust gases raise sufficient 
steam for the drying kiln. This arrange- 
ment is satisfactory in those mills in 
which the trade refuse is sold or cleared 
away; where it is not, then the great 
argument in favor of steam power has 
much weight. It should also be im- 
pressed upon gas-engine makers how this 
refuse from mills prevents the sawmill 
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trade from giving universal support to 
the gas-engine people. 

One or two gas-engine makers adver- 
tise that their suction-gas plants can be 
fed with chips and sawdust, and a short 
time ago a French firm was very jubilant 
over the fact that they had solved the 
problem of successfully using mill refuse 
for suction-gas plants. Still the results 
were not published in any timber trade 
paper, and the results of the experiments 
have up to the present been kept a great 
secret. It should be along the lines of 
utilizing wood waste in the production of 
gas that the gas-engine maker should de- 
velop his product, so that the fuel cost to 
the sawmill owner will be practically nil. 


ADVANTAGES OF STEAM POWER 


Taking steam as a power for sawmills, 
this result of obtaining power at the cost 
of upkeep and supervision of the plant is 
being realized. There are many mills which 
are being run solely upon the fuel ob- 
tained from the mill. The waste from the 
machines is sufficient, not only to pro- 
vide efficient power, but also reserve 
power. In this case, the question of which 
is the cheapest power for a sawmill, is 
answered. It is steam, when it is properly 
made and utilized. 

The question of which gives the highest 
percentage of power, the steam or gas en- 
gine, does not enter into consideration. 
The gas engine may have the high per- 
centage of 17 and the steam only 11, still 
the fact remains that under existing con- 
ditions chips and sawdust will give the 
percentage of I1 at a nominal cost. With 
a gas engine the chips and sawdust are 
not available for power production, so 
the high percentage of 17 per cent. has 
to be made by other fuel, and the mill 
owner is still left with his waste. 

It is often pointed out that many mills 
are run by steam, sell the waste, and still 
the cost of upkeep exceeds that of a gas- 
driven plant. This often occurs, and the 
cause is not far to seek. The engines 
and boilers are not the best of their type, 
and they do not have all the auxiliaries 
necessary to obtain the best results from 
a steam plant. 

A sawmill which is to be run at a nomi- 
nal low cost for power, must have boil- 
ers with large areas of heating surface and 
high-pressure steam and condensing en- 
gines. The furnaces must be arranged so 
that there is a minimum of labor attached 
to feeding them, and special appliances 
used if the wood chips or dust are wet or 
green. This would mean that an arti- 
ficial draft apparatus must be used, but 
with ordinary wood, chips or dust this is 
not at all necessary. 

Given ample furnace room, or for that 
matter one of the many patent furnaces 
for burning wood waste, there should be 
no difficulty in obtaining plenty of power 
for driving the engine. A necessary addi- 
tion to this plant is an installation for col- 
lecting the chips and waste from the ma- 
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chines and blowing them into the furnace. 
All these appliances are necessary to thor- 
oughly equip a mill so that its power cost 
is simply that of attendance and upkeep. 

Taking all the powers into consideration 
and examining the various conditions 
under which they may be worked, steam 
is by far the cheapest and the most re- 
liable of the three powers for this indus- 
try. But it requires every essential for 
obtaining the greatest power from the 
fuel, and it is necessary that the collec- 
tion of the waste does not cost more than 
the interest of the money invested in the 
collecting apparatus. 





The Water Powers of the World 





The Revue Electrique has just published 
a summary of the water powers of the 
world. The possible horse-power of 
France is estimated at 4,500,000, of which 
only 800,000 is utilized. The region 
of the Alps is the most abundant. About 
an equal amount of power is available in 
Italy, but only 300,000 horse-power is 
utilized. Falls of 10,000 horse-power. are 


abundant. The estimate for Switzerland 
is incomplete. About 300,000 horse-power 
is in use. Germany has 700,000 horse- 


power available, with 100,000 applied. Nor- 
way has 900,000 horse-power available, 
with a large part already developed. In 
Sweden there is 763,000 horse-power 
available, but mostly at a considerable dis- 
tance from any industrial center. In 
Great Britain there is 70,000 horse-power 
already utilized, and an equal amount in 
Spain. The resources of Russia are esti- 
mated as 11,000,000 horse-power, of which 
85,000 has been developed. The United 
States is credited with 1,500,000 horse- 
power utilizable. Japan has 1,000,000, of 
which 70,000 has been exploited, and in the 
Indies 50,000 horse-power has already 
been developed. 





American Institute of Electrical 
Engineers’ Convention 





The twenty-fifth annual convention of 
the American Institute of Electrical Engi- 
neers will be held at Atlantic City, N. J., 
June 29 to July 2. The headquarters will 
be at the Hotel Traymore. A reception 
and dance will be given at that hotel 
Monday evening, June 29, and a tea at the 
Atlantic City Golf Club, Tuesday after- 
noon. These will be the only formal 
functions of the convention. 





The United States Civil Service Com- 
mission announces an examination on 
July 8 to secure eligibles for the position 
of engineer in the mint at Denver, Colo., 
at $4.25 per day. Application forms 1600 
and 1093 will be required. 




















June 23, 1908. 
A Southem Railway Plant 


By James F. MILLER 





Until recently the citizens of the old- 
est city in the United States have not had 
the convenience of electric light and trans- 
portation. The St. Johns Light and 
Power Company, of St. Augustine, Fla., 
has recently completed at that city an up- 
to-date power plant, the dimensions of the 
‘main building being 97 by 87 feet. This 
is of concrete and brick construction, with 
piling for foundations driven for all 
walls, engines, boilers and stack. 


ENGINE-ROOM EQUIPMENT 
The equipment of the engine room is 
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ST. JOHNS LIGHT AND POWER PLANT 
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FIG. 2. PLAN OF PIPING, STEAM AND WATER 


Corliss engine direct-connected to a 100- 
kilowatt Bullock railway generator, re- 
volving at 150 revolutions per minute; 
one 18x30-inch engine direct-connected to 
a 250-kilowatt, 2300-volt, 60-cycle, three- 
phase Bullock alternator with speed of 120 
revolutions per minute; one 18x36x30- 
inch Reliance cross-compound engine, di- 
rect-connected to a 350-kilowatt, 2300- 
volt, 60-cycle, three-phase Bullock. alter- 
nator at 120 revolutions per minute, and 
one 90-kilowatt motor-generator set. There 
is also a foundation for a 350-kilowatt 
cross-compound unit to be installed in the 
future. Excitation of alternators is ob- 
tained from separate direct-current gene- 
rators belted from the main shafts. 

In the engine-room basement is a 2400- 
foot surface condenser, and one 12x20x18- 
inch vacuum pump and a 16-inch G. M. 
Davis automatic relief valve gives free 
exhaust in case of breakdown of the con- 
densing outfit. Condensing water is sup- 
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plied by a 10-inch main from an artesian 
well 535 feet deep, with a 12-pound pres- 
sure and a flow of 3,000,000 gallons in 24 
hours. With condensed steam returned 
to the hot-well at 120 degrees Fahrenheit, 
26 inches of vacuum is easily maintained. 

Each engine has a Cochrane separator 
and Davis traps discharging condensation 
to the hot-well. 

The switchboard is of white marble, 
and was erected and wired by the Allis- 
Chalmers Company. Generators are de- 
signed to run in parallel, and the switch- 
board is equipped with the 
instruments for their control. 


necessary 


BoILER Room 


In the boiler room are three 325-horse- 
power Stirling boilers, with a foundation 
for a fourth. The boilers were given a 
cold-water test of 287 pounds per square 
inch. From the hot-well, the feed-water 
flows to an open exhaust heater, thence is 
taken by one of two 10x6x12-inch duplex 
outside-packed plunger pumps, and forced 
through a Green improved economizer to 
the boilers; the temperature of feed-water 
often reaches 260 degrees Fahrenheit at 
the boiler. 

The entire piping system was designed 
and erected by the writer, formerly with 
the Boston Elevated Railway Company. The 
main header and all fittings were supplied 
by the Crane Company, of Chicago, and 
are extra heavy malleable, no cast iron 
being used in the plant. The header is 
supported on roller brackets, bolted 
through the center wall, and condensation 
is drained through a Wright emergency 
trap. 

The main header is 12 inches, and the 
auxiliary header for the pumps is 4 inches, 
both being 76 feet long. The header is 
made up on the unit system, so that any 
one unit can be repaired, while others are 
in service, and both end units must be out 
of service at the same time before the 
are disabled. feed- 


feed-pumps For the 
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water the line is of extra-heavy solid-brass 
construction. The entire system has been 
under pressure for a year and the sound 
of steam cannot be heard. 

Pumps are so piped that they may take 
water from the exhaust heater, city water, 
artesian well, and rain-water tanks, of 
which there are two of 100,000 gallons 
capacity, which keep the plant supplied 
with all water losses. Pumps can also be 
used for supplying several hydrants about 
the plant for fire protection. 

The main damper is controlled by a 
Lawrence regulator, and the ash-pit doors 
by a Straight Line regulator. The stack, 
140 feet high, was built by the Alphons 
Custodis Company, of New York City. 
Fuel used is hard pine, or by the local 
name, “light wood.” It is first passed 
through a “hog” driven by a 50-horse- 
power induction motor, then steamed in 
retorts, where the turpentine is extracted, 
after which process it is even better for 
fuel than the natural wood, making a very 
hot and clean fire. 





The Safe and Effective Use of the 
Entropy Diagram 


By Pror. S. A. 


REEVE 





It is only within recent years that the 
engineering world has come into the habit 
of using the entropy diagram for portray- 
” its problems ; 
and a very good habit it is. But while the 
entropy diagram portrays excellently well 
thermal action which is already under- 
stood, yet for portraying that which is not 
understood—for “thinking out” obscure 
situations—it is a dangerous weapon. Its 
effectiveness with that of the 
indicator diagram much as does that of 
gunpowder with the bow and arrow, for 
if not properly handled it is equally de- 
structive to the user. 

For the safe and effective use of the en- 
tropy diagram the prime essential is an 
accurate idea of the nature of entropy. 
This statement The 
cepted attitude of the profession upon this 
point, to which the writer has hitherto 
constituted himself a lonely and lonesome 
exception, may be expressed in two sim- 


ing, and even for “thinking, 


compares 


is axiomatic. ac- 


ple statements, viz: 


(1) There is no physical reality to 
entropy. 
(2) As a mathematical abstraction it 


was completely and accurately defined by 
its originator, Professor Clausits. All 
that is necessary for its complete ind eff- 
cient use is to memorize this deir ition. 
Briefly quoted, this definition is t iat 
s @Q 
d (entropy) — a 
wherein the sign of equality refers to “re- 
versible” processes and that of inequality 
to “irreversible” ones. And as all natural 
processes are more or less “irreversible,” 
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in the sense contemplated by Professor 
Clausius, Professor Zeuner concluded 
from this equation that “the entropy of 
the universe is steadily on the increase.” 
This broad fact Lord Kelvin broadened 
into the general principle that the avail- 
ability of the energy of the universe for 
transformation is dying out. In other 
words, the universe is like some great 
clock, which was wound up “originally” 
once and for all, and is now engaged in 
gradually running down. 

In contemplating this aspect of our uni- 
verse the imagination is staggered, not so 
much by the picture of the ultimate uni- 
versal stagnation, ruin and desolation 
which must be the result of the “degrada- 
tion” of all availability and the end of all 
energy transformation—no motion, no 
(perceptible) heat, no light, no life, any- 
where—as it is by the attempt to grasp 
what must have been the terrific condition 
of the mainspring of the heavens when 
“originally” wound up tight. For 
tainly, for two billion billion years in the 
past, and perhaps for a few weeks more, 
it has already been engaged in running 
down. 


CceT- 


The writer breathes more easily 
to feel that what of cold-blooded mathe- 
matical philosophy he 
to master 


has yet been able 
rather an_ eternity, 
past and future, of indestructible, unde- 
gradable availability of energy, with its 
eternal conservation of all the present life, 
light and happiness of the world, beyond 
the peradventure of any imaginable heav- 
enly catastrophe to diminish 


indicates 


it, rather 
than this pessimistic degradation theory. 
Just see what problems are kindled by 
a little equation, of only six symbols, if it 
be inaccurate or incomplete! 
For the equation fails to answer two 
questions, viz: 


(1) What is meant by reversibility 
and irreversibility ? 
(2) What is meant by dQ? 


The first of these questions need not be 
discussed here. !t suffices to say that, to 
the author at least, the terms reversible 
and irreversible, after years of study of 
them, remain virtually meaningless. In 
so far as they mean anything they class 
themselves with such quantities as elas 
ticity and inelasticity, viz, as things which 
always occur together and 
there being no 
occurs alone. 

As to dQ, that is universally defined as 
any “addition of heat.” That is how it is 
defined in Professor Heck’s textbook, and 
in every other also, so far as I am aware. 


everywhere, 


instance where either 


3ut if this is the sole necessary definition, 
then the equation — stated 
transforms into 


above easily 


fdo= fran. 
r ar 

This equation, applied to the entropy 
diagram (which is itself nothing but a 
graphical means for illustrating the defi- 
rition of entropy), enforces the conclusion 
fiat in eny case where a heat process ts 
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portrayed by a curve on an entropy dia- 
gram, the “heat added” is measured by the 
area beneath the curve. And since the 
definition of entropy is a simple, funda- 
mental fact, this conclusion must rank as. 
a fundamental principle. 

Now comes the trouble. Two familiar 
engine-room processes give the denial to 
this “fundamental principle.” First, in 
wire-drawing occurs a rapid increase in 
entropy; yet there is no “addition of 
heat.” This trouble has been dodged by 
the writer, in the past, by the explana- 
tion that dQ meant the addition of heat 
from anything external to the molecule; 
for the latter is the thermal unit. Thus, 
even the inner surface of a steam pipe 
or throttle valve must be considered as 
external to the steam. Hence friction 
against these surfaces engenders heat, 
which heat is immediately thereafter 
“added” to the steam, to the increase of 
its entropy. And this fresh entropy is 
just as able to dc work, hammer-head 
fashion, as is any received from the fur- 
nace heat. 

Indeed, this wire-drawing process re- 
minds one much of the test of a canvas- 
trough fire escape which once occurred in 
a multiple-storied public school. Appar- 
ently the builders had a definite quantity 
of pupils to lower safely from each floor. 
But in practice they had not. The boys 
first down from the top floor found shoot- 
ing the chutes in the canvas trough so 
enjoyable that they re-entered the build- 
ing, climbed to the floor beneath the top, 
there joined the panic-stricken multitude 
awaiting chances to escape and so gained 
additional Nominally each pupil 
embodied only one unit of “extent” of 
sliding energy, just as each bit of entropy 
nominally embodies only a certain poten- 


slides. 


tiality for work performance as it drops in 
temperature. But let a given mass of en- 
tropy drop one degree, in wire-drawing 
fashion, and it will make of itself addi- 
tional recruits for dropping the next de- 
gree, schoolboy fashion. 

And herein d Q‘has picked up an addi- 
tional meaning to that first stated. It must 
be re-defined as the “addition of heat and 
work.” The not be 
omitted just because, in the particular case 


word work may 


cited, the work happens to have come 
originally from the steam heat itself; for 
in another instance of growing familiarity, 
the compression of air by turbo-compres 
sors, the increase in entropy comes from 
work which never was a part of the body’s 
fund of heat-at all. The case is purely an 
increase of entropy by the addition of un- 
disguised work. 

This is the shoe that fits the Knoblauch 
experiments. If @Q=heat plus work 
addition, then the heat addition must be 
dQ minus the work addition; and all is 
as plain sailing as Dr. Heck’s article 
would indicate. 
comes trouble from the 
How about adiabatic com- 


There work is added, yet no 


But now again 
other side. 


pression ? 
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increase in entropy occurs. 
dQ remains zero. 


The quantity 
Nor will the writer 
agree to crawl out of this quandary by the 
“irreversibility” knot hole. It is too small. 
The wire-drawing process is just as re- 
versible as is any other, though it be too 
long a story, just now, to prove it. 

Yet the easily stated. 
Adiabatic compressive or expansive work 
performance (with dQ and dN equal to 
zero) can occur only when motion occurs 
normal to the body's surface. On the 
other hand, entropy-begetting work (with 
dQ and dN positive quantities) can be 
done only when motion occurs parallel 
with the body’s surface. 


distinction is 


Here is the foundation, then: 

(1) As long as the hot body remains 
at rest relatively to its surroundings, dO 
is heat addition, and heat addition only. 
Such, for instance, is the case in the 
steam boiler. 

(2) When the hot body moves rela- 
tively to its surroundings, if the motion 
be normal to the surface the above still 
holds true. Such, for instance, is the case 
of the steam piston engine. 

(3) But when the hot body 
relatively to its surroundings and the mo 


moves 
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tion is parallel to the surface, then dQ is 
heat addition plus work addition. 
for 


Such, 


instance, occurs in turbo-compres 


sors, etc. 


In other words, radial motion relatively 
to the hot body (imagining it a sphere, for 
instance) has nothing to do with en 
tropy, or the “extent” of heat, as I have 
called it in my textbook, but only with 
temperature, or its “intensity.” Tangential 
motion, on the other hand, has nothing to 
do with intensity of heat, but everything 
with its extent. These two pairs of terms 

radial action with intensity of energy, 
and tangential motion with “extensity” of 
energy—will be found to compass the un- 
derstanding of heat, as well as of other 
forms of energy. 

Yet is the task of defining dQ com- 
the 
tions already known to him, the writer 


plete, even now? To meet condi 


several years ago formulated a definition 
of the sources of dQ, as follows: 


(1) Thermal conduction, 
(2) Absorption of radiation, 
(3) Exothermic chemical action, such 


as combustion, 


(4) Electrical resistance and 
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(5 ) Work parallel Ww ith 


the surface; but distinctly excluding 


performance 
(6) Work performance normal to the 
surface. 


But whether this definition be correct 
or complete or not, for all the problems 
which engineers may meet, as well as for 
those which they have already not only 


met, but tumbled over, the writer cannot 


say. Only the professional physicists 
and chemists can answer this ques- 
tion. But these gentlemen pay little atten- 
tion to these questions of fundamental 


definitions of basic quantities, such as 


heat, energy, ete. They seem to consider 


them beneath their dignity, as problems 


it to entrap only the humble engineer 


lhose who wish to read a complete 


statement of the views held by the “irre- 


versibility” school ef doctrinaires will do 


well io secure a copy of James Swin- 


burne’s book, “entropy; or Thermodyna 


utics for Engineers” (1904). It is most 


frankly and clearly stated, and in a style 
most encouraging in that it finds humor 
compatible with thermodynamics. If one 
could only accept the monstrous doctrine 
the 


all would be 


conclusions 


well 


of irreversibility, with 


which it enforces, 
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Catechism of Electricity 





704. How should a switchboard be 
wired for a shunt-wound dynamo which 
is to supply current to more than one 
circuit? 

Fig. 234 gives a switchboard-wiring 
diagram for such a case. Bus-bars are 
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FIG. 234. SWITCHBOARD WIRING FOR A 
_ SHUNT-WOUND DYNAMO FEEDING 
TWO WORK CIRCUITS 


now needed, or rather they are extremely 
convenient, if not absolutely necessary. 
The increase in the number of circuits 
also changes the plan of the ‘switchboard 
from that in Fig. 233. The positive lead 
is now represented by the line a’; the 
negative lead by b’, and c is the field rheo- 
stat connection. Instead of running from 
the switch r and the instruments directly 
to the out-going circuit, the dynamo leads 
are carried to the bus-bars. The differ: 
ence of potential between the positive bus: 
bar a and the negative bus-bar b is prac- 
tically the same as the voltage of the 
dynamo, and by making the proper con- 
nections they will supply as many circuits 
as desired. The two work circuits are 
shown at ee’ and ff’. Two double-pole 
switches g and hh are connected in the 
circuits, and by means of these, either or 
both of the circuits may be opened. The 
fuses ii’ and jj’ are also connected in to 
protect the circuits from short-circuiting. 

In Fig. 234 the locations of some of the 
apparatus have been changed from those 
in Fig. 233, for the sake of symmetry and 
convenience. The circuit-breaker s, for 
instance, has been placed directly over 
the main switch 7, to avoid the necessity 
of having to cross the board with the 
wire g. The ground detector lamps Pp 
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and p’ are located near the upper corners, 
where they are out of the way. The plug 
t in the ground wire of the detector lamps 
is near the center of the board and in a 
convenient place. 

In the wiring diagrams thus far pre- 
sented, the leads from the dynamo con- 
nect with the main switch before running 
to the circuit-breaker. This method has 


+ 
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This system is illustrated in the elemen- 
tary diagram, Fig. 235. The negative wire 
b of the dynamo m and the positive wire 
c of the dynamo m are connected to the 
wire e, which is called the neutral wire. 
The neutral wire, consequently, consti- 
tutes the positive wire of the dynamo n, 
and the negative wire of the dynamo m, 
thereby effecting a saving in the amount 
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FIG. 235. DIAGRAM ILLUSTRATING THE ELEMENTARY PRINCIPLES OF THE 
THREE-WIRE SYSTEM 


been followed in order to make the first 
diagrams as simple as possible; it is some- 
what safer, however, to run the leads 
from the dynamo directly to the circuit- 
breaker, and this method will be followed 
in subsequent diagrams. 
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FIG, 236. SWITCHBOARD WIRING FOR SHUNT- 
WOUND GENERATORS FEEDING TWO 
WORK CIRCUITS ON THE 
THREE-WIRE SYSTEM 


Tue THREE-WIRE SYSTEM 


705. When two shunt-wound dynamos 
are operated together, how are they 
usually connected? 

In isolated plants and low-voltage cen- 
tral stations, they are usually connected 
to a three-wire system. : 

706. Explain what is meant by a three- 
wire system. 


of copper required for the line. The two 
dynamos are in series between the main 
wires a and d of.the work circuit. If the 
electromotive force of each machine is 
110 volts, that of the two machines con- 
nected in series will be 220 volts, and 
there will be a difference of potential of 
220 volts between the wires a and d. 

A number of lamps, f and g, of I10 
volts each, are connected between the 
wires a and e, and between the wires e 
and d. If the number in the group f is 
equal to the number in the group g, the 
current supplied to them will go out from 
the dynamo m, on the wire a, pass through 
the lamps f and g, and return to the 
dynamo n, through the wire d; the cir- 
cuit is completed from nu to m through 
the wires c and Jb, and no current will 
flow in the neutral wire ¢ as long as there 
are equal numbers of lamps on each side 
of the neutral wire e. But when there are 
more lamps on one side of e than on the 
other, one of the main wires a and d will 
have more current passing through it than 
is flowing through the other one, and the 
difference will flow in the neutral wire. 
For example, with eight lamps connected 
on one side of the neutral and seven lamps 
on the other side, as shown in Fig. 235, 
the neutral wire will carry the current re- 
quired for the extra lamp between a and 
e, and the wire a will carry current for 
one lamp more than the wire d. It is not 
necessary, therefore, to make the neutral 
wire so large as the outside 
although this is frequently done. 

Lamps or motors requiring 220 volts 
each may be connected directly between 
the wires a and d, without connecting 
them to the neutral wire at all. 

707. How is a switchboard wired for 
the three-wire system? 

Fig. 236 shows the switchboard wiring 
for a three-wire system. In this illustra- 
tion, a and a’ represent two ordinary 
shunt-wound machines. Since there are 


wires, 
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three main wires, there are three bus-bars, 
v, wand x, of which w is the neutral bus- 
bar and connects the negative side of the 
dynamo a to the positive side of the 


dynamo a’. The lead from the positive 
side of the dynamo a runs through the 
circuit-breaker b, the ammeter 4 and the 
switch d to the bus-bar v. In the same 
manner the negative terminal of the 
dynamo a’ is connected with the circuit- 
breaker b’, the ammeter A’, the switch a’, 
and the bus-bar x. This makes the bar v 
positive and the bar + negative; since the 
dynamos are rated at 110 volts each, there 
is a difference of potential between the 
bus-bars v and x of 220 volts, while the 
pressure between the neutral bus-bar w 
and either one of the main bus-bars is 
110 volts. 

As many circuits as desirable may be 
connected to the bus-bars, two being 
shown in the _ illustration connected 
through the switches e and e’. Since each 
circuit from the bus-bars consists of three 
wires, three-pole switches are necessary. 














| de > h 


AR ART AR, 
) e\ U ) 
4@) or Ba 


J 
1 
1 





FIG. 


237. PLAN OF THE GROUND-DETECTOR 
CONNECTIONS IN FIG. 236 


The fuses are connected to the wires of 
-ach circuit as shown at u, vw and g, in 
each case. Each machine is provided with 
its own instruments and appliances, which 
are connected the same as if there were 
only one machine wired to the switch- 
board. 


708. Explain the method used in Fig. 
2360 of wiring the ground detectors in 
circuit. 


The ground detector connections are 
shown dotted so that they will not be con- 
fused with the other lines. The lamps 
are shown at 7, k and /, and m and n 
represent the plugs used to connect the 
apparatus with either one of the mains. 
The principle of the detector connections 
is more clearly illustrated in Fig. 237. 
Here, b is the neutral wire, and a and c¢ 
are the outside wires of the circuit. At 4 
the lamps are shown in the same relative 
positions as in Fig. 236; at B they are 
connected in the same manner as at A, 
but are differently arranged. The letters 
indicating the circuits and devices are the 
same in both parts of the diagram and 
the explanation which follows applies to 
both. 
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The three lamps are shown in Fig. 237, 
at d, e and f, connected in series with 
each other. One of the terminals is con- 
nected to the neutral wire, and the other 
terminal may be connected with either of 
the main line-wires, a or c, by means of 
plugs g and h. At k the ground wire i 
is connected through the plug /. So long 
as all plugs are out, the lamps will be 
dark; if there be no ground, the lamps 
will remain dark when the plug /7 is in- 
serted. If, however, there be a ground on 
either one of the main wires a or c, the 
lamp d will burn brightly when the plug / 
is inserted, leaving the lamps f and e 
dark. Knowing that there is a ground on 
one of the two main wires, the plugs g 
and h are tried, one at a time. When the 
grounded side is plugged, the condition 
of the lamps will remain the same, but if 
the side clear of grounds be tested, all of 
the lamps will light to candle-power. 
When there is a ground on the neutral 
wire b, it will be impossible to light the 
lamp d while the ground plug / is in, and 
the lamps f and e will be only red, or 
not up to candle-pwer, while either 
of the outside or main wires is being 
tested. 





Losing the Vacuum on a Steam 


Turbine 


By B. T. Epwarps 


In a power station that is nearing the 
hundred-thousand horse-power mark there 
are memorable days. An instance comes 
to mind of an experience in a great cen- 
tral railway station of particularly inter- 
esting character. 

It was a hot mid-summer day and the 
great turbines were roaring away with 
that deep, hollow, endless groan common 
to this type of prime mover. It happened 
to be the lot of “your humble servant” to 
be on duty in the capacity of second as- 
sistant and in charge of circulating en- 
gines, vacuum engines and general auxili- 
Ordinarily the job was an easy one, 
but with hundreds of things to watch. 
An unusual appearance, 
was an index of something abnormal. 

We had been annoyed for some days 
by low tide. 


aries. 


sound or smell 


It would come on periodi- 
cally about an hour later each day, and 
upon more than one occasion we lost the 
the make-up These 
pumps added enough water to the conden- 
for supply. On 
casions we would draw from the reserve 
tanks on top of the station. Conditions 
were, remedied later so that 
low tide did not affect us at all. 

On this day I was watching the water 
level in the conduit as usual. At about 
the prescribed time it began to sink and 
continued steadily to do so until the 
pumps lost out. The oiler was sent up to 


water in pumps. 


sation boiler such oc- 


however, 
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turn the reserve into the feed-water heat- 
ers until the rising tide should enable us 
to regain the water. Usually it took about 
an hour to do this, as the water could 
never be picked up at the point at which 
it was lost; it was necessary that it be 
several inches higher than this point. 
Imagine my uneasiness upon observing 
that 
mark and then starting to rise again, the 
water continued sinking steadily in the 
conduit. At the end of an hour, instead 
of being back to its wonted level, it was 


instead of going to the low-water 


far below the low-water mark and going 

Soon the circulating pumps would 
their water. were steam- 
engine-driven 18-inch centrifugal: pumps 
with a capacity of 20,000 gallons. Our 
chief was notified, and investigation dis- 
closed the fact that the big iron head-gate 
at the river had been dropped, and that 
no means were available for raising it at 
once. About this time the vacuum began 
to fall on account of insufficient cooling 
water in the condenser. 


lower. 


lose These 


As good fortune, or rather wise design, 
would have it, there was a provision for 
running city water into the steam space 
of the condensers for use in testing, and 
this is the way we “got out.” 

Finally the circulating engine lost her 
load and shut also the 
vacuum engine, as the big atmospheric 
exhaust valve automatically opened and 
turned the exhaust into the air. City 
water then turned into the steam 
space of the surface condenser, filling it 
to the bottom of the exhaust chamber. 
This was done to keep the empty tubes 
from being overheated by the hot 
haust, and also to provide water for boiler 
feed. From the condenser the water was 
passed on to the hot-well pump, which dis- 
charged into open heaters and from which 
the water gravitated to the feed-water 
pumps. All places where cooling water 
was used were curtailed as much as pos- 
sible, and so enough water was supplied 
to the boilers, though the amount required 
than usual on account of 


was down, and 


was 


ex- 


was much more 


the increased steam consumption occa- 
sioned by running non-condensing. 
Normal conditions were restored within 


a few hours, but no more attempts were 
made to pull up the vacuum that day, as 
the hot to 
make the 


condenser was already too 


attempt. 





The coal production of Michigan in 
1907 was 5I per cent. greater in quantity 
and value than that in 1906, and was the 
largest ever recorded for the State. The 
total for the year was 2,035,858 
short tons, value of $3,- 
660,833. 


output 


having a spot 





The gross production of all anthracite 
the for 1907 was 
4,784,862 tons, an increase of 678,554 tons 
over 1906. 


washeries in country 
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Burning Oil for Power and Heating 


Pertinent Discussion of Temperature, Draft and Smoke; Proper- 
. ties, Possibilities and Limitations of Fuel Oil; How to Buy Oil 





BY PROF WILLIAM D. 


BurninG O1t WitHouT SMOKE 


There is no difficulty in burning oil 
without smoke, providing the furnace is 
properly designed and the boiler is not 
too heavily overloaded in proportion to 
the capacity of the furnace. In practice, 
the. presence of an excess of air is more 
apt to be experienced than that of smoke; 
consequently it is considered good prac- 
tice to diminish the air supply to such a 
point that smoke just begins to appear. A 
low temperature of the oil, or any varia- 
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INSTALLATION OF “BEST” BURNER 


FIG. I. 


tion in its pressure or temperature is 
liable to result in smoke. 

Regulation of the air supply is particu- 
larly easy in the case of oil fuel, since 
there is no fuel bed to introduce varia- 
tions in the flow of air, and in view of 
the essential relations of air supply to 
efficiency of combustion, no pains should 
be spared, in operation, to have this mat- 
ter at all times under full control. For 
observations on this point, with relation 
to smoke production, peep-holes should 
be provided in the front and back walls, 
and elsewhere if possible. These should 
be so constructed as not to result in in- 
ward leakage of air. 


TEMPERATURES, DrAFT AND EVAPORATION 


For the reasons given, oil may be 
burned more readily at high efficiency 





than almost any other fuel. High effici- 
ency of combustion means high furnace 


temperatures, usually accompanied by 
rapid deterioration of boilers. Fire cracks 
on shells near the seams, leaks at 


the tube ends, and blisters on shells of 
horizontal boilers or on tubes of water- 
tube boilers are apt to be found. 

Fig. 1 shows a simple form of furnace, 
used with the “Best” burner under a 
marine boiler, and Fig. 2 illustrates the 
furnace of a Scotch marine boiler on the 
U.S.S. “Mariposa.” Fig. 3. illustrates 
the furnace of the Italian S.S. “Tebe,” 


using mechanical burners, while Fig. 4+. 


represents the furnace of a locomotive 
using oil fuel, Fig. 5 giving the details 
of the burner. All of these illustrations 
are taken from the report of the Naval 
Liquid Fuel Board. 

Efficient combustion with oil fuel in- 
volves low flue-gas temperatures and a 
small excess of air, corresponding in prac- 
tice to low intensity of draft. Operating 
at rated capacity, or slightly above, the 
Los Angeles tests gave flue-gas tempera- 
tures ranging from 438 to 517 degrees, 
with drafts in the furnaces of from 0.02 
to 0.15 inch of water. Thirteen tests by 
the writer gave temperatures from 447 to 


ENNIS 


tarders in the flues, the highest gas tem- 
perature was 484 degrees, evaporating 
3.88 pounds of water per square foot of 
heating surface per hour, and showing a 
boiler efficiency close to 83 per cent. 

Under forced draft conditions, in marine 
service, drafts as high as 3 inches of pres- 
sure have been maintained in the furnace 
with the closed ash-pit system, these de- 
creasing to a slight suction at the base of 
the stack, the rate of evaporation running 
as high as 16.7 pounds, with flue tempera- 
tures of over 1000 degrees. 


PROPERTIES OF FUEL OIL 


Fuel oil of commerce is stated to differ 
from crude oil only slightly, the sulphur 
having been partially removed, with a 
sufficient proportion of the volatile hydro- 
carbons to reduce the fire test to that re- 
quired by the various State laws. ‘The 
heating value of the oil is usually de- 
termined in a bomb calorimeter. Pro- 
fessor Blasdale advises inclosing the sam- 
ple of oil in a gelatine capsule, since com- 
plete combustion is not obtained when the 
oil is ignited in an open vessel within the 
calorimeter. The percentage of water in 
the oil is determined by fractional distilla- 
































FIG. 2. 


626 degrees, with rates of evaporation of 
from 3.3 to 4.4 pounds of steam per 
square foot of heating surface per hour, 
and equivalent evaporation per pound of 


FURNACE FOR OIL BURNING ON S. S. “MARIPOSA” 


tion. Sulphur may be determined by 
oxidation with fuming nitric acid in an 
open capsule. Professor Blasdale gives 
the following results of examination of 


oil of from 13.5 to 16 pounds. With re- eight samples of California fuel oil: 
Sample No.......... ear a 2 3 4 5 6 7 S 
Specific gravity.......... 0.9637 0.9407 0.9417 0.9629 0.9430 0. 9410 0.9529 0O. 9530 
Water, Per Cent. ...... 2.65% 8.71 0.42 1.06 8.82 1.06 0.74 4.62 4.93 
Sediment, per cent...:... 0.032 0.010 0.031 0.024 0.010 0.024 0.048 0.054 
B.t.u. per tb... ben 16905 18579 18428 16956 18479 18567 17888 17791 
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The average heating value of oil free 
from moisture is thus not far from 18,500 


B.t.u. The United States Naval Liquid 
Fuel Board gives the following results 
from one sample of California oil: Heat- 





FIG. 3. 


MECHANICAL SPRAY 


Kind of Oil. 
Ultimate Analysis: 
C. es 


H. 
_* 
= ' 
Heating value, B.t.u. per pound 
Specific gravity 
Flash point, deg. Fah. . 
Igniting point, deg. Fah... 


Calculated heating value (from Dulong’s formula)* 


Loss in 6 hours at 212 deg. Fah 


* The heating power of the carbon is that due to gas carbon (11,328 cal.), not that 


(8137 cal.). 


ing Value, 18,667 B.t.u. per pound; loss in 
six hours at 212 degrees Fahrenheit, 12.20 
per cent.; specific gravity, 0.966; vaporiza- 
tion point, 230 degrees Fahrenheit; flash 
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FIG. 4. 


BURNERS INSTALLED ON ITALIAN S. S. 


BURNING OIL 


eS 
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and burning point, 311 degrees Fahren- 
heit; ultimate analysis, C, 81.52; H, 11.01; 
S, 0.55; N+ O, 6.92; parts in 100. Two 
analyses of Beaumont, Texas, oil give, 
from the same source: 











“TEBE” 


Crude. Fuel. 

84.60 per cent. 83.26 per cent. 
10.90 per cent. 12.41 per cent. 
1.63 per cent. 0.50 per cent. 
2.87 per cent. 3.83 per cent. 


19060 

0.924 0.926 
180.0 216.0 
200.0 240.0 
18800 19481.0 


21.65 per cent 
of solid carbon 


The Texas oil is lighter and forms a 
thinner liquid than the California product, 
and may .consequently be handled and 
regulated with more facility. Wéith appli- 
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ances properly adapted to the nature of 
the oil, there is no difference the 
evaporative efficiency of the two oils. The 
California oil weighs almost exactly eight 
pounds per gallon. 


in 


Its flash point is never 














FIG. 5. LOCOMOTIVE BURNER WITH TWO 
ORIFICES FOR LIGHT OR HEAVY 
FIRING 
below 200 degrees Phe proportion of 


moisture and sediment, as the oil is now 
marketed, is guaranteed not to exceed 2 
per cent., and the heating value is of great 
uniformity. The coefficient of expansion 
about per degree Fahrenheit. 
The little the 
oxygen a little higher than in the Texas 
oils, and the heating value rather less 


is 0.0006 


carbon is a lower, and 
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POSSIBILITIES AND LIMITATIONS OF OIL AS 
FUEL 

To the power producer, the important 
question is the relative cost of power pro- 
duction from oil and the other fuels which 
are available. In New York and Eastern 
territory generally, the price of oil is too 
high to make it a serious competitor with 
coal as a fuel for steam boilers. As we 
approach the oil fields, this discrimination 

Date 


= 


y 


FIG. 6. OIL CONSUMPTION PER UNIT OF 
PRODUCT 








in price ceases to exist. With any com- 
modity as cheap as oil, the cost of freight 
is often the largest element in the price 
paid by the consumer. Cheap modes of 
shipment, as by tank steamers, extend the 
market for oil. Considerations of con- 
venience and rapid production sometimes 
lead to the use of oil in metallurgical 
operations, even in territories where the 
cost of oil is relatively high. The ease 
with which smokeless combustion may be 
secured renders it a popular fuel for use 
in tunnels. 

An additional reason for the extension 
of oil burning is found in the Pacific 
Northwest, which, although remote from 
the California oil fields, and having avail- 
able stores of coal low in quality and 
price, still receives fuel oil at a very low 
figure, distance of transportation consid- 
ered, and is to a constantly increasing ex- 
tent making use of oil as fuel. The low 
prices are undoubtedly due to the com- 
mercial policy of the oil producers. 

No great success has been obtained in 
the Northwest in the development of in- 
ternal-combustion motors for the use of 
California fuel oil, possibly on account of 
its asphaltum base and the interference 
with the action of valves, etc., due thereto. 
If this difficulty can be eliminated, Cali- 
fornia oil may yet displace coal wherever 
the producers desire to sell it; and it is 
not beyond the bounds of possibility that 
it may even displace the larger water- 
power developments which are so com- 
mon in that section of the country. With 
a consumption of less than one pound of 
oil per brake horse-power per hour, the 
engine using oil directly in its cylinder 
should supersede all other machines for 
power generation. 
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It seems reasonable to expect that these 
heavy oils will eventually be worked in 
internal-combustion engines. Even at the 
present time, certain grades of coal-tar 
oils have been successfully handled in this 
way; those from “brown coal” having 
been introduced in Germany, as well as 
treated oils from ordinary coal. The 
specific gravity, viscosity, flash point, fir- 
ing point and calorific value, according to 
Reippel, afford no basis for judging of the 
adaptability of oils for such engines. The 
determination of hydrogen by ultimate 
analysis is of prime importance. Pre- 
ignition is, of course, particularly to be 
expected with oils high in hydrogen. 


Or vs. ELEcTRICAL TRANSMISSION OF 
WATER POWER 


Eliminating internal-combustion motors 
from the present discussion, however, the 
figures given permit of intelligent com- 
parison between fuel oil and the electrical 
transmission of water power as the future 
competitors in power production in the 
West. Assuming 80 per cent. boiler effici- 
ency (perhaps more easily realized with 
oil than with any other commercial fuel), 
the evaporation of water per pound of dry 
oil from and at 212 degrees is 15.42. The 
possibility of producing an _ indicated 
horse-power per pound of oil per hour, or 
even of doing somewhat better than this 
in plants of the highest grade, is evident. 
At this rate, 24-hour, 6-day _ service 
throughout the year could be obtained on 
a consumption of about 22 barrels of oil 
per indicated horse-power, and these 22 
barrels could be laid down at the various 
water shipping points along the coast from 
Los Angeles to Seattle at a price ranging 
from $15 to $17.50. The price of oil at 
San Francisco has during the past five 
years ranged from 50 cents to $1.25 per 
barrel of 42 gallons. 

It is therefore safe to say that with a 
high-grade steam plant, the cost of power 
from oil fuel nearly anywhere along the 
western coast of the country can be ré- 
duced to as low a figure as is usually 
quoted in connection with hydraulic-power 
transmissions. 

In making comparisons in specific in- 
stances, due consideration should be given 
to the fact that a considerable amount of 
power is required, in the case of oil, for 
pumping, heating and atomizing the fuel. 
Probably from 5 to 6 per cent. of the 
entire output of the plant is required for 
these purposes. This is often offset when 
the difficulty of providing for domestic or 
other heating from electric power is con- 
sidered. 


O1t vs. NORTHWESTERN COALS 

Of the Northwestern coals, the heating 
value ranges from 6500 to 8500 B.t.u. per 
pound. Taking as an average value, 7500, 
with oil at 18,500, oil is 2.47 times more 
valuable, pound for pound, than coal. Oil 
is sold by the gallon of about eight 
pounds; coal by the ton of 2000 pounds; 
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so that to be equally economical with coal, 
the price of oil per gallon must not ex- 
ceed 1/100 the price of coal per ton. A 
rough figure in the Northwest is 100 gai- 
lons of oil=r1 ton of coal. Accurately, 
1or gallons of oil are precisely equal in 
heating value to one ton of the average 
Washington coal. This is from the stand- 
point of heating value only. Other points 
must be considered. 

With coal, a boiler efficiency of 70 per 
cent. represents good operation, as aver- 
age plants go. With oil, efficiencies of 7- 
to 80 per cent. are not unusual. One man 
can easily attend to the firing of 4000 
gallons of oil per shift, including water 
tending. No one man could possibly fire 
40 tons of coal per day. Oil can be stored, 
handled and fired with cheaper equipment 
and at less expense than coal. There are 
no ashes to dispose of. On shipboard, 60 
pounds of oil, containing 1,110,000 B.t.u., 
can be stored in one cubic foot of space 
Coal, even if filled in until the compart- 
ments are perfectly loaded (which is in 
practice impossible), would stow only 
about 55 pounds per cubic foot, or 413,000 
B.t.u. A saving of 63 per cent. in cargo 
space, therefore, attends the use of oil, 
even if no economy in fuel follows its 
introduction. 
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FIG. 7. DAILY AND WEEKLY LOAD CURVES 


Mush disappointment has followed the 
introduction of oil in some plants on the 
western coast, due to an under-rating o/ 


the heating value of the coal. There ha: 
been a general tendency to condemn these 
Western coals, and the heating values 
have been reported erroneously low. Fre 
quently no determination of heating valuc 
was made, and the results of rough tests 
have been taken to express the evapora 
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tive possibility of this fuel. 
substituted, the evaporation expected was 
in some cases obtained, but without the 


When oil was 


saving anticipated. In other cases, the 
condition of the plant has been so bad 
that, even with oil, 


reasonable evapora- 
tions could not be secured. This has led 
to a general improvement of conditions 


which will be of permanent benefit, no 
matter what kind of fuel is ultimately 
employed. 

In comparing the two fuels, it is im- 
portant to bear in mind the consumption 
of steam (or air) for atomizing, a net 
debit against oil. In some northwestern 
sections coal is sold by the ton of 2240 
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pounds. This affects the equivalence of 
gallons of oil to tons of coal. 


RESULTS OBTAINED WITH OIL IN ACTUAL 
PRACTICE 


Some results of actual operation are ap- 
pended. Fig. 6 shows the progressive 
decrease in fuel consumption per ton of 
product, from month to month, at one 
plant in which oil was substituted for 
coal. This plant exemplified the condi- 
‘ion already described, in which mechani- 
al conditions were so bad that the ex- 
pected evaporation per pound of oil was 
not realized. As soon as attention was 
forcibly called to the matter, systematic 


ALIGLLA 








na 


to Fuel Ta 


POWER AND THE ENGINEER. 


improvement was begun, with the results 
indicated, the average fuel consumption 
decreasing over 20 per from 
original figure. 

A considerable part of this 
no doubt due to the training of the men 
in the use of oil. The ease of hourly re- 
cording the oil consumption by each man 
led to planning for a bonus system based 
on consumption. In order to eliminate 
confusing technicalities, the basis was that 
of comparative consumption only. In 
other words, the man who burned the 
least oil during the period received the 
premium, regardless of modifying condi- 
tions. This made the matter somewhat 
of a “gamble,” but firemen, like their em- 
ployers, are sometimes willing to gamble 
in business when the game is a fair one. 
The premium was awarded at frequent 
intervals, this giving every man a fre- 
quent chance. One man, with his helper, 
received it six times, and another man 
four times, during the first 10 periods. 
The third man and his partner lost it 
every time. Sometimes his luck was bad, 
but he was admittedly not as good a fire- 
man as the other two. 

The objection is sometimes raised 
against such bonus systems in the fire- 
room, that conditions are too variable to 
permit of just comparisons, unless based 
on evaporation per pound of fuel, and that 
such a latter basis introduces calculations 
which the firemen do not understand. 
Certainly no difficulty like the former was 
experienced in this case, and that the 
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Saving was 
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1g Overflow to Fuel Tank \ 


Trap for Water 
and Sediment. 


METHOD OF REGULATING PRESSURE 


conditions were far from uniform may be 
appreciated by noting the typical daily and 
weekly load curves of Fig. 7. 

The results quoted as having been ob- 
tained, are by no means exceptional. In 
the Los Angeles tests, equivalent evapora- 
tions of from 13.85 to 16.02 were obtained 
per pound of oil, the evaporation rate 
ranging from 3.58 to 7.11 pounds per 
square foot of heating surface, and the 
steam used for atomizing varying from 
1.96 to 3.42 per cent. of the total steam 
generated. With crude oil and oil tar, 
evaporation rates of 13.57 and 12.36 have 
been obtained. In the navy tests, under 
forced draft conditions, boiler efficiencies 
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exceeding 71 per cent. were obtained, and 
the relative fuel pound for 
pound of oil against good steam coal, was 
calculated to be as 17 10. 


efficiency, 
to 


Buy O1L sy WEIGHT 

Contracts for the purchase of fuel oil 
should provide for delivery by weight, or 
if by bulk, then within stated limits of 
specific gravity. It is difficult to estimate 
accurately the bulk contents of oil-tank 
Where oil is sold by bulk, the best 
method is to weigh the car and accurately 
determine the average specific gravity of 
the contents. In buying by bulk, any 
change in the temperature of the oil varies 
the amount received. The purchaser pre- 
sumably wishes to pay on the basis of 
heating value, and if he must pay for bulk, 
he receives more or less than the heating 
value to which he is entitled every time 
the weather changes. Contracts should 
specifically provide for limiting percent- 
ages of moisture and sediment. 


cars. 


OiL, PuLverizeEp CoAL AND NATURAL OR 
INDUSTRIAL GAS 

Texas oil is low in refining value and 
must be practically all sold for fuel. A 
large part of the California oil must find 
its market in the way. Oil from 
the middle West, which is suitable for re- 
fining, will be sold as fuel only in terri 
tcries where the price of coal is such as 
to justify the consumer in paying a price 
for the fuel oil equal to the cost of crude 
plus that of transportation. 

In various metallurgical operations the 
use of fuel oil is steadily increasing. In 
proportion to its heating value, oil is about 
twice as expensive as coal in the vicinity 
of New York. For many applications, 
however, as in cement burning, heating 
furnaces, etc., the use of ordinary coal is 
out of the question, and resort must be 
had to oil, pulverized coal, natural or 
industrial gas. Pulverized coal is most 
popular in the cement works; oil is largely 
used for heating, forging, annealing and 
in other furnaces, and is also employed 
to a considerable extent under varnish 
kettles, in brass foundry crucibles, soft- 
metal melters, for shrinking on tires, etc. 
Many of these applications result in a high 
fuel cost, but the saving in other direc- 
tions is assumed to compensate for this. 

With the further development of equip- 
ment for coal-pulverizing and the manu- 
facture of industrial gas, the use of oil 
will no doubt be decreased. At present, 
a single works, not of exceptional size, 
uses for these minor metallurgical opera- 
tions 150,000 gallons of oil per month, 
worth nearly $6000, which might well be 
displaced by pulverized coal or gas at a 
saving in fuel of nearly one-half. The 
oil is distributed from a central tank sta- 
tion by means of motor-driven pumps 
with automatic relief returns to the under- 
ground-supply tanks. The oil is atomized 
either with steam or low-pressure air, I2 
ounces, or with high-pressure air, 40 
pounds. There is no provision for heat- 
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ing either oil or air. The use of coal was 
so entirely inadmissible in these applica- 
tions that city gas was employed prior to 
the introduction of oil. With oil, the tem- 
perature is under perfect control; very 
little labor or attention is required for 
firing; there is no dust or soot; and 
storage and handling requirements involve 
little or no complication of equipment or 
operation. 


STANDPIPE FOR REGULATION OF PRESSURE 

Fig. 9 shows a form of burner manu- 
factured by the Petroleum Iron Works 
Company for furnace work, and Fig. 8 
represents the method of regulation of 
pressure sometimes adopted, in which a 
standpipe is substituted for the relief 
valve previously described. 

The cut shows a vertical pipe as a pres- 
sure regulator, the pump taking its oil 
from the storage tank and forcing it 
through the pressure regulator to the 
burners. The pressure regulator is pro- 
vided with an overflow line back to the 
storage tank, which prevents the pressure 
from varying, as all oil handled by the 
pump in excess of that required by fires 
is by means of the overflow line carried 
back to the storage tank. It is also pro- 


Steam 


4 
4 
Sf. 











wky 








oil 


FIG. 9. FORM OF BURNER FOR FURNACE WORK 


vided with a trap at the bottom which col- 
lects the water, sediment, etc., which may 
be removed through the blow-off shown. 





The James Watt Memorial Building 


The new James Watt Memorial build- 
ing, located in Greenock, Scotland, which 
has just been erected on the site of the 
inventor’s birthplace from a fund sub- 
scribed to all over the world, will shortly 
be opened as a navigation and engineer- 
ing school, under direction of the school 
board of Greenock. 





The Schools of Mines, Engineering and 
Chemistry of Columbia University, New 
York City, announce summer courses ex- 
tending from July 7 to August 14, inclu- 
sive. There will be lectures on: “Rein- 
forced Concrete Structures,” by Dr. E. P. 
Goodrich; “Electric Train Movement,” by 
Prof. C. O. Mailloux; “Gas Engines,” by 
Prof. C. E. Lucke; “Metallography of 
Iron, Steel and Industrial Alloys,” by 
Prof. William Campbell. Also, chemistry, 
drawing, mathematics, mechanics, miner- 
alogy, physics and shop work. Address 
the secretary of the university. 
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Coal Pile Extravagance 


By Henry STANLEY RENAUD 


“The greatest possibilities for saving or 
wasting about a steam plant are undoubt- 
edly in the coal pile, but as it is a dirty 
proposition and many of its features not 
well understood, the subject does not re- 
ceive the consideration to which it is en- 
titled.” So spoke W. L. Abbott, chief 
operating engineer of the Chicago Edison 
Company, in a paper read before a meet- 
ing of the National Electric Light Asso- 
ciation. 

Many power plants, and the power de- 
partments of numerous manufacturing 
establishments, buy their supply of coal 
on the statement of the local coal dealer 
as to its quality, or on the strength of the 
name of a special kind of coal. The repu- 
tation of a particular mine, or the general 
integrity of the house handling it, is made 
the basis of most coal transactions. This 
state of affairs does not take into consid- 
eration the fact that the quality of coal 
in any given mine varies greatly as the 
mining goes on. This uneven quality is 
due to two causes: First, the natural 
change in the character of the vein; sec- 
ond, the care, or rather lack of care, of 
the miners in rejecting impurities, and 
in the further preparation, in picking out 
slate and other foreign substances. Nor 
does it allow for the possibility of actual 
substitution .before the coal enters the 
control of the consumer. 


Coat CAN BE BouGuHT SCIENTIFICALLY 


This antediluvian system of purchasing 
fuel is absurdly sentimental. Coal can 
now be bought on as scientific and accu- 
rate a basis as that which controls the sale 
of gold, silver, sugar, alcohol or ferti- 
lizet. Our manufacturers can, with ad- 
vantage to themselves, follow the example 
of the farmers of this country, who re- 
quire a chemical analysis of all the fer- 
tilizer they buy. 

When the subject is broached to the 
superintendent or manager of a power 
plant, that the coal consumed under his 
boilers should be contracted for on speci- 
fications and analysis, he immediately 
“goes up in the air’ and emphatically 
states that he cannot afford to waste 
money on chemical analyses and scientific 
tests. Usually he will not even listen to, 
or read about, an actual demonstration of 
the saving brought about by expert advice 
and assistance, but will greedily absorb a 
pseudo-scientific article in a popular maga- 
zine, or Sunday newspaper, on “How to 
Burn Ashes when Made into Cakes with 
Glue,” or about some wonderful(?) ap- 
paratus which will decompose water into 
its component hydrogen and oxygen, and 
make these elements available to re-com- 
bine to generate heat! 

“When we consider,” said Mr. Abbott, 
“that $100 saved is $100 added to the sur- 
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plus, which is as good as $500 increase in 
the gross receipts, and that to add $500 
monthly to the gross earnings would re- 
quire an investment of, say, $25,000—when 
we consider this, we may realize what a 
valuable asset is an engineer who is pro- 
lific in methods for keeping cost down, or 
is ready to adopt such methods from 
others.” 


RESULTS oF TESTS ON DIFFERENT COALS 


The present advanced methods of test- 
ing fuels as to their comparative and rela- 
tive values as heat producers afford sure 
means of getting what is paid for, and 
also of securing the best possible fuel for 
the particular type of furnace used, etc. 
By way of example, following are results 
of tests on three different coals which 
were tested in our laboratories, for com- 
mercial purposes : 

Heating 
Mois- Vola- Car-]~ JSul- Power, 
ture. tile. bon. Ash.” phur. B.t.u. 


. 3.72 39.27 45.61 11.40 0.49 
3.63 41.10 52.14 3.13 0.57 
0.58 16.80 77.00 5.62 0.62 


Sample. 


14,553 


If we take C as a standard, dividing the 
B.t.u. recorded for each by 14,553, would 
give the relative heating values thus: 


So that if C sells for $3 a ton, B is 
worth only $2.72, and A (on its merits) 
could bring only $2.47™%. 

If a contract called for a delivery of 
10,000 tons of coal C and one-half of the 
order were filled with coal A, where 
would the loss be shown? See the gain 
to the dealer: 


10,000 tons of coal as per contract at $3 $30,000 


5,000 tons of coal C, worth $3 
5,000 tons of coal A, worth $2.474 


15,000 


Gain to dealer 


Assume that the coal is delivered in 
lighters, holding 500 tons each (most 
lighters hold considerably more), and that 
a chemical analysis and a heating-power 
test are made on each lighter of coal. The 
usual charge of reputable chemical labora- 
tories for proximate analysis and determi- 
nations of sulphur and heating power is 
about $25 per sample; this includes samp- 
ling. For the 20 analyses and tests from 
20 lighters (10,000 tons) there would be 
a charge of $450. Then: 


Gain to dealer by substituting coal A for 
coal C, as per above 
III © Sraliealav8 0: 4 kara ken stare SS 


F Saved to consumer by scientific 


examination 
OTHER CONSIDERATIONS THAT AFFECT THE 
VALUE 
The above demonstration is based en- 
tirely on the heating power of the coals 
as exptessed in British thermal units. 
However, other considerations affect the 
comparative values of coals which may 
show slight differences in B.t.u. One of 


these is the cost of ash removal. Take 
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the following two analyses by way of 
example: 


Heating 

Mois- Vola- Car- Sul- Power, 

Sample. ture. tile. bon. Ash. phur. B.t.u. 
| ae 0.95 14.61 71.80 12.64 2.46 13,532 
ee . 4.69 38.06 54.23 3.02 0.59 13,390 


These two coals show little difference 
in B.t.u., with a small balance of 142 
B.t.u. per pound in favor of D. The de- 
termining factor here in the proper valua- 
tion of these two coals is the ash. Sup- 
pose both these coals to be offered at $3 
per ton, and the cost of disposing of the 
ashes to be 25 cents per ton. Then 
10,000 tons of coal D, at 

OO go ae 

1,264 tons of ash to be 


removed (12.64%) at 25 
Ore ee 


$30,000.00 


316.00 


Total cost of using 
10,000 tons coal D. 


10,000 tons of coal E, at 
) 4” eee 
302 tons of ash to be 
removed (3.02%), at 
FO DOUG ccc nsccssiane 75.50 

Total cost of using 
pene tons of coal 


$30,316.00 


$30,000. 00 


$240.50 


Let us now consider the coal from the 
standpoint of the moisture content. Since 
water is what is used to put out fires, it 
requires no great amount of argument to 
demonstrate that it is not a desirable feat- 
ure to have present in coal. And no 
manager or superintendent will knowingly 
buy water which he does not want at the 
price of coal. Without consideration of 
the amount of heat required to evaporate 
the moisture in coal, let us figure the cost 


of two coals on the “dry basis.” Take 
the following analyses: 

Heating 

Mois- Vola- Car- Sul- Power, 

Sample. ture. tile. bon. Ash. phur. B.t.u. 

a 4.69 38.06 54.23 3.02 0.59 13,390 

G....... 0.32 16.26 72.93 10.49 1.98 13,995 


Suppose both these coals to be offered 
at $3 per ton: 

Ten thousand tons of coal F carries 469 
tons of water (4.69 per cent.) at $3= 
$1407, leaving 9531 tons of dry coal for 
$30,000, i.e., raising the price per ton of 
dry coal to $3.15. 

Ten thousand tons of coal G carries 32 
tons of water (0.32 per cent.) at $3=— 
$06, leaving 9968 tons of dry coal for 
$30,000, i.e., raising the price per ton of 
dry coal to $3.01. 


In 10,000 tons of coal F, you pay for the 


469 tons of water, at $3............. ,407 
In 10,000 tons of coal G, you pay for the 
$2 tons of water, Ot SB... ...ccccccee 96 
Saved by not buying 437 tons of water 
hs 8hes saaads bees ee debe $1,311 


Other determining features as to the 
value of coals, while not capable of such 
accurate demonstration on paper in dol- 
lars and cents, may be readily seen from 
observation of the heavy, black smoke 
issuing from a chimney, the corroded con- 
dition of the grate-bars, the excessive 
amount of clinker, etc. These conditions 
can be foreseen by chemical examination 


POWER AND THE ENGINEER. 


of the coal and of its ash and these un- 
desirable elements also forestalled. 

Of course, it will be readily understood, 
that coal cannot satisfactorily be con- 
tracted for on fixed percentages of the 
constituents shown by chemical analysis, 
because, as was stated before, coal is a 
natural product and bound to vary some- 
what in its composition. The method giv- 
ing the greatest satisfaction to both buyer 
and seller is a specification stating the 
constituents of a “standard” coal at a 
fixed price, with a sliding scale of premi- 
ums for exceeding the standard and de- 
ductions for falling below it. This is the 
plan adopted by many large coal consum- 
ers and is being gradually adopted by 
many more to their pecuniary advantage. 





An Economical Boiler Furnace 


In this plan the distinguishing and all- 
important feature is. the arrangement of 
using a hot instead of a cold blast for the 
furnace. The openings in the side walls, 
marked “hot-air space,’ are the latest 
thing out. In these spaces the air is 
heated by entering at the register door 
shown in the side view, Fig. 1, and passing 
from the rear to the front of the wall in 
the space indicated by the dotted lines. 
Reaching the front it passes down, coming 
out into the ash-pit under the grate-bars, 
as indicated by the arrows, thence passing 
up through the bars, as indicated by the 
little darts. 

It is also intended for a part of the hot 
air to go through the bridgewall, a space 
being left lengthwise through it for this 
purpose, as indicated by A, and come out 
under the rear end of the grate-bars. The 
arrows show its course. 

An air space at the front end of the 
grate-bars can be made by a casting made 
in the shape of a box, as at B. Fig. 2 is 
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FIG. I. 


an enlarged view of this box and more 
clearly shows its shape. Bolts are also 
shown by which it may be fastened to the 
fire front, in case it is not cast with and 
made a part of the latter. If cast with 
the front, the top will form the front-end 
grate rest. If separate, it can be bolted 
to the front right under the grate rest, or 
can be made long enough to enter the side 
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walls, reaching into the air space at its 
center. In this case it need not be bolted 
to the front. Both ends of this casting are 
to be left open to admit the air from the 
hot-air chambers of the side walls. The 
lip C is intended as a cover, and, by pro- 
jecting, keeps ashes or cinders from falling 
into the chamber. 

It wiil be seen that air is admitted from 
both sides and both ends of this furnace, 
thus insuring a perfectly distributed blast 
under the entire grate surface; and this 








FIG, 2 


blast, being hot, is not as destructive to 
the bars as is the case when a cold blast 
is used. 

Fig. 3 represents a section of the ash- 
pit wall, the top row of bricks coming up 
to the bottom of the grate-bars. The open 
spaces marked “air” are formed by leav- 
ing out every other brick in this row, so 
as to admit the air from the hot-air spaces 
in the center of the walls to the ash-pit. 
The same applies to that section of the 
bridgewall forming the back part of the 
ash-pit, and in which the air is admitted 
in the same manner. By leaving in every 
other brick, a foundation is left on which 


to lay the back-end grate rest on the 
bridgewall. 
The side walls should be 20 inches 


thick, and solid up to where the dotted 
lines are shown. Between these lines, and 
running from the rear end of the boiler 
to the fire front, a 4-inch space should be 
left. An occasional brick can be laid 
across this space in order to tie the walls 

















together and _ still allow sufficient air 
space. 
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ELEVATIONS 


An opening must be left in the outside 
wall in which to place the register door 
marked D in Fig. 1, or a sliding door 
may be used. Either should be from 16 
to 20 inches square. The two named are 
better calculated for the purpose than a 
swinging door would be, and are more 
out of the way. 

In building the side walls and bridge- 
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wall, which should go up together, an shaft which is revolved by a rack and 
opening should be made in the side wall gear. The rack is attached to a piston in 
to connect the spaces in the side wall with the hydraulic cylinder L, the position of 
that in the bridgewall, for the purpose 
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ports the first diaphragm D. The dia- 
phragms E and G are supported by the 
casing on ledges F and H, against which 





set forth. With this furnace, keep the 
ash-pit doors closed at all times except 
when taking out ashes.—American Miller. 


















A Glimpse into the Curtis Turbine 





The photograph, Fig. 1, reproduced 
herewith, shows a partial view of a 3000- 
kilowatt 750-revolution per minute four- 
stage vertical Curtis turbine with one sec- 
tion of the casing removed. It shows very 
clearly the simplicity of construction and 
rugged mechanical design, also how read- 
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ily the interior may be inspected. This 


casing removed entirely for the purpose 
of having this photograph taken at our the piston being controlled by the operat- 
request. ing governor. 

At A is the first-stage valve casing, in In this machine, as in all four-stage 
which are located the steam admission machines, there are a high-pressure head, 
valves, opening successively to nozzles in M, and three diaphragms, D, E and G, 





machine was in test and the section of FIG. 2. INTERIOR OF A SECTION OF THE SHELL OF A 5000-KILOWATT CURTIS TURBINE 


they make a joint which is kept steam- 
tight by the greater pressure on their top 
sides. The intermediates are attached as 
shown at J, and in the last stage form a 
complete circle. In the other stages they 
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the nozzle plate B. These valves are oper- separating the different stages. The sec- 
ated in succession by a number of cams_ ond-stage nozzles are attached to the cas- 
located one in advance of the other on a_ ing on the lower side of a ring which sup- 
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FIG. I. PARTIAL VIEW OF 3000-KILOWATT CURTIS TURBINE, WITH SECTION OF CASING RE MOVED 


only extend for a short distance either 
side of the nozzles directly above them, 
as shown in the small photograph (Fig. 2) 
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of the interior of a section of the shell 
of a 5000-kilowatt unit. The arrows from 
the letters E and G indicate the bowls of 
the nozzles in the second and third dia- 
phragms. In the larger machines these 
nozzles consist of plates cast into the dia- 
phragms; in the smaller sizes the nozzles 
are made separate, and attached as shown 
on page gor of the June 9 number.* The 
bolts J extend through the casing and are 
threaded into the backs of the intermedi- 
ates; K is the base to which the turbine 
casing is attached; this in some cases is 
made to form a condenser shell, making 
an extremely compact arrangement, and 
commonly known as the condenser-base 
type. 





Internal Combustion Engines and 
Hydroelectric Power 





By Henry Docker JACKSON 





There are other sources of power than 
steam which may be justly compared to 
hydroelectric power, particularly in places 
where power is required for only short 
periods of time or in small units, and 
even when in large quantities and for con- 
siderable periods of time, if conditions 
be favorable. These are the internal- 
combustion type of engine, such as the 
gasolene, gas and oil engines. For very 
small powers used intermittently, the gas- 
olene engine, in spite of its effect on the 
insurance, is probably cheaper than the 
power could be generated some distance 
away by water power by the electric com- 
pany. There are several instances well 
known to me where gasolene engines 
have replaced electric motors with a sav- 
ing of more than 50 per cent. during the 
year, although the gasolene is quite ex- 
pensive and the electric power is sold 
at a low rate. The reason for this is 
very largely ‘the service charge of the 
electric company, as this charge is made 
on 80 per cent. of the power capacity of 
the plant and runs whether or not the 
power be used, whereas with the gaso- 
lene engine, the only charge is the in- 
terest on the investment when the engine 
is shut down. 

For the intermediate sizes using power 
continuously, a small gas-producer en- 
gine is very effective, the cost of operation 
being comparatively small and the original 
cost of the investment not excessive. 
Here again, however, it may be of de- 
cided advantage to concentrate all the 
power in one large station; and here, also, 
there is a possibility of using the exhaust 
gases for heat, although this has not the 
possibilities of the steam plant. In very 
large units of from 2000 to 5000 horse- 
power, the gas engine is very efficient. 
It can be used direct-connected to 60- 





*Article on “An Additional Safeguard on 
the Curtis Turbine.” 
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cycle generators, and these units oper- 
ated in parallel without trouble. These 
engines can be installed in or near the 
coalfields where coal is cheap, and the 
power transmitted for long distances, 
competing very favorably with the best 
developments of water power. In the 
natural-gas regions these engines could 
also be developed to good advantage. 

An enormous possibility for develop- 
ment lies among the blast furnaces, where 
large quantities of gas are generated in 
making iron. A central plant supplied 
with gas from these furnaces could be 
operated at a very low fuel cost; in fact 
it might be possible to operate these in 
connection with the steel plant so that the 
fuel cost was nothing, as these gases are 
at present a waste product. 

This power could be distributed over 
long distances the same as water power; 
and as the original cost of development 
would be small compared to some of the 
larger water-power developments, the re- 
turn would be greater. 


THE GAs ENGINE 


The gas engine itself, for use in 
single industrial plant, offers many ad- 
vantages. The cost of the plant is not 
excessive, its operation is certain, the 
maintenance charges are comparatively 
low, and the attendance need cost no more 
than for an equal-sized steam plant. If 
the load be a constant one, as is usual in 
most manufacturing plants, the cost for 
fuel, if of the same character as used in 
a steam plant, would be reduced to at 
least one-third. As the power required 
in most manufacturing establishments is 
far greater than is necessary to supply 
the steam for heating, it is probable that 
the exhaust gases from the gas engine 
could be utilized to furnish all of the 


heat necessary for the greater part of the” 


manufacturing plants in which it would 
be advisable to use it. 


OPPORTUNITIES FOR CRUDE-OIL ENGINES 


There is, too, an opportunity for the 
use of a crude-oil engine in the fields 
in or near the localities where crude 
oil is found. The establishment of a cen- 
tral station operated by oil engines would 
allow of the generation of power at a 
price very closely approximating that of 
the water-power plant; and as in this 
locality water is not to be found in any 
great quantity and coal is exceedingly 
expensive, these plants serve the pur- 
poses for industrial development, also for 
supplying the light to the surrounding 
territory. 

It has been claimed that the cost of gas 
engines is excessive, and that the cost of 
power generated is very largely affected 
by the first cost of the installation. This 
is doubtless true. It is also true to a 
certain extent, that the operation of a gas 
engine of any considerable size requires 
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a more skilled man than the same-sized 
steam plant, not only in the engine room, 
but in the producer room. 
is very largely counterbalanced by the de- 
crease in the number of men required, 
as the producer is very largely automatic, 
and with the installation of a compar- 
atively small amount of machinery the 
labor of handling the coal is very 
largely done away with. The repairs 
and the maintenance charges against the 
gas engine or the producer plant are no 
greater than in a steam plant of the same 
size. This applies to the larger plants. 
In the smaller plants the repair items 
and maintenance charges are oiten less 
in the gas plant than in the steam plant. 

Bids for two 75-horse-power gas en- 
-gines and producers were $90 per horse- 
power. This included all of the necessary 
gas piping, water piping and the services 
of the erecting engineer. The total cost 
of this plant erected will probably ‘not 
exceed $120 per horse-power. One man 
could probably handle this plant on a 
watch, although it would probably be ad- 
visable and good economy to use two 
men on a watch, so that under most cir- 
cumstances, unless the load is a con- 
tinuous one, five men would handle this 
plant for a 24-hour load. The coal con- 
sumption would be less than one-third of 
that required for a steam plant of cor- 
responding size. The difference in price in 
the plant was less than $3 per horse- 
power. The number of men required was 
the same, and the saving of coal was a 
very large item. A 240-horse-power en- 
and producer delivered 


This, however, 


gine could be 
and erected for approximately $100 per 


horse-power, including the building. 


Cost oF BLAST-FURNACE GAs INSTALLATION 
TION 


The cost of a gas installation using 
blast-furnace gas, with all the necessary 
scrubbers and cleaners, a plant of 12,000 
brake horse-power or 8300 kilowatts, 
erected and in operating condition, was 
$89.50 per kilowatt, this to be operated 
on the waste gases of one 400-ton fur- 
nace. The yearly power charge for a 
24-hour day, including fixed charges, was 
$18 per horse-power. For a 12-hour day 
this was made approximately $28 per 
horse-power-year. This is considering the 
gas as a waste product of no value. A 
plant of this character established in the 
districts near the iron furnaces could de- 
liver power at long distamces at rates 
very closely approximating those of the 
best-located water plants. In the natural- 
gas regions a very large amount of the 
cleaning and scrubbing machinery can be 
done away with, and a corresponding re- 
duction made in the first cost of the gas 
plant. 

For smaller isolated plants, results have 
shown that the cost of power per horse- 
power-year for 24-hour service would be 
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approximately $35, including all charges 
against the plant. This plant is composed 
of three 150-kilowatt units, and the cost 
per horse-power, $115. On 10-hour ser- 
vice, this power would probably cost in 
the neighborhood of $60 per year. This 
with coal at $2.50 per ton. 

The small-sized plants could probably 
be operated at the same charge down as 
low as 100 horse-power. These plants 
have the advantage of practically no 
stand-by losses when the plant is idle, 
are prompt and sure in starting, and the 
service charge is only the interest on 
the investment. These charges are not 
the results of full-load tests, but results 
from actual service of gas-power plants 
under conditions where the load on the 
engine varied over considerable ranges 
and the load factor was in the neighbor- 


hood of 50 per cent. With a better 
load factor, the power charge would 
probably decrease materially. It might 


also be added that on these smaller plants, 
the charge per horse-power also includes 
the coal used for heating the factory. If 
this coal cculd be s:pirated out con- 
veniently, it would doubtless be found 
that the power charge alone would be 
considerably lower than the figures given. 


1 
Usinc ExHAust GASES FOR HEATING 


In order to use the exhaust gases from 
these engines to good advantage for heat- 
ing purposes, there is still considerable 
study to be made, as so far the primary 
object of the engine is to develop power, 
and the heat of th: exhaust guses, as 
well as the heat in the water jacket, has 
been in most cases allowed to go to waste. 
These should be utilized as much as pos- 
sible in order to get the full benefit of 
the installation. It is, therefore, wise to 
examine carefully the possibilities of 
utilizing the waste gases of a gas or oil 
engine, as well as the exhaust steam of a 
steam engine, and to figure the value of 
these gases before investigating too 
decply into the value of water power. 
It may be and doubtless is in many cases 
cheaper, as far as the power alone is 
concerned, to install a water-power plant 
or to buy power from the water-power 
development; but when the heating is 
taken into consideration these items make 
a change in the situation. 

Another point equally important is the 
shipping of the finished product and the 
receiving of the raw goods. There are 
many plants scattered through the country 
deriving their motive power from water- 
wheels and utilizing coal to heat the 
buildings. The coal has to be teamed a 
considerable distance and the cost of this 
teaming is added to the original cost of 
the coal, this coal comirg also consider- 
able distance by rail, making it somewhat 
expensive. The cost of the heating, there- 
fore, is probably in excess of what the 
cost of power and heat would be if the 
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plant were located near the coal supply; 
and the water power, instead of being a 
help, has led to the establishment of a 
factory in the location where, although 
the cost of power is low, the actual cost 
of manufacturing of the material is high, 
and to this is added the cost of shipping 
the finished goods and receiving the raw 
materials, 

Another competitor of the power plant 
of considerable importarce for units up 
to and including 500 horse-power is a 
crude-oil engine. These engines are ex- 
pensive in first cost, but where oil does 
not cost more than 3 cents a gallon, the 
operating charges and fuel charges are 
exceedingly low; and even where oil costs 
more than 5 cents pr gallon, the cost 
of the power is very small. There are 
plants in cperation producing an electrical 
horse-power at the switchboard for $25 
per horse-power per year of €500 hours. 
This includes interest on the cost of the 
investment, maintenance and depreciation 
charge, attendance,. fuel, lubrication, etc., 
of both engine and generator. The units 
are of 500 horse-power installed in a 
comparatively cheap building. The total 
costs of the installation are in the 
neighborhood of $70 per horse-power, in- 
cluding engine generator, piping, building, 
etc. This plant probably could not be 
duplicated at the present for less than 
$90 per horse-power. The fuel charges 
are the interesting points. These 
engines gave an electrical horse-power 
at the switchboard for 08 of a gallon of 
oil, and this oil cost 2% cents a gallon. 
It is doubtful if many water-power com- 
panies could afford to sell power at any- 
thirg like this rate even for continuous 
service. Here again, it is possible to use 
the exhaust gases for heating purposes. 
and thereby reduce to a considerable ex- 
tent the charges against the plant. 

A consideration of the facts outlined 
in this and a former article will show that 
cheap power does not necessarily mean 
water power, but that it is advisable to 
make a careful and systematic study of 
all the conditions existing before deciding 
upon what type of power plant to install. 
For manufacturing purpcses alone, the 
question of the type of power is often 
secondary to the question of skilled labor, 
or again to the question of receiving the 
raw material; but even although these 
matters may settle the Ice tion of the 
plant, the cost of the power generation 
and the heating of the building are items 
which require careful consideration. 





The United States Civil Service Com- 
mission announces an examination on 
July 22, 23 and 24 to secure eligibles for 
the positions of electrical engineer and 
mechanical draftsman in the Reclamation 
Service, at entrance salaries of from $100 
to $200 a month. Application form 1312 
will be required. 


June 23, 1908. 


Tests of Concrete and Reinforced 
Concrete Columns 





The University of Illinois Engineering 
Experiment Station has recently issued 
Bulletin No. 20, “Tests of Concrete and 
Reinforced Concrete Columns,” Series of 
1907, by Prof. Arthur N. Talbot. This 
bulletin records experiments upon con- 
crete and reinforced concrete columns, 
which have already become quite notable 
and which will have a marked influence in 
fixing the standing of certain types of con- 
struction. A feature of reinforced con- 
crete in which engineers and architects are 
much interested is the column having the 
concrete hooped or bound with steel bands 
or spirals. Tests on this form of column 
reported from France and Germany indi- 
cate great strength, but the results have 
not been considered conclusive and many 
questions have been raised concerning its 
applicability to general construction. Engi- 
neers have wanted to know more of the 
action of this new combination of ma- 
terial. 

The tests go to show that in hooped 
columns the steel hooping does not come 
into action to any great extent before a 
load equivalent to the ultimate strength 
of plain concrete, or a little below, is 
reached, and that up to this point the 
action of the column is very like one of 
plain concrete. Beyond this load the col- 
umn shortens rapidly and the deforma- 
tion becomes very marked. The extreme 
amount of shortening is a great disadvan- 
tage. The amount of strength added by 
the hooping before ultimate failure is 
reached, is two to three times as much as 
the effect of an equal. amount of longi- 
tudinal reinforcement. 

A discussion of the French and Ger- 
man experiments is made, and observa- 
tions on Poisson’s ratio and data on the 
phenomena accompanying tests of plain 
concrete columns are given. The work of 
Professor Talbot in reinforced concrete 


‘is well known, and this investigation is a 


further evidence of the importance of the 
work of the Engineering Experiment 
Station. The bulletin contains 60 pages. 

Copies of this bulletin may be obtained 
gratis upon application to the director, 
Engineering Experiment Station, Urbana, 
Illinois. 





In an address before the Schenectady 
section of the A. I. E. E., recently, Albert 
G. Davis said: “If I invent a certain 
thing and patent it, and someone else 
makes an improvement tomorrow, he can 
patent his improvement, but cannot use 
my patent. The mere fact that the patent 
office has granted him a patent does not 
mean that he has a right to use that thing, 
but merely that he has the right to keep 
other people from using it. A _ patent 
grants the exclusive right to make, use 
and sell an invention; it excludes others 
from the use of a certain thing” 
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from Practical Men 
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WE PAY FOR USEFUL 


A Job of Heavy Repairing 


The gas engine was far too small to do 
its work properly, so the owner conceived 
the idea of getting about twice the normal 
power from it by increasing the speed 100 
per cent. He knew enough about an en- 
gine to know that the fly-wheels would not 
stand such an increase of speed, so he re- 
placed them by a pair taken from a worn- 
out high-speed engine. 

There was no trouble 
speed. All that was was to 
tighten up the spring back of the gov- 
ernor; ard as the valves were of ample 
size there was practically no limit to the 
speed obtainable. For a while the ex- 
periment bid fair to be a success; but 
while some parts stood the strain under 
the new conditions, others could not, and 


in getting the 
necessary 








FIG, I. 


one kind of trouble 
rapid succession. 


followed another in 

First, the main bearings began to give 
trouble, and the crank-pin bearing soon 
followed their lead. Nearly all of the 
bolts about the machine showed a decided 
tendency to unscrew. Finally the crank- 
shaft became slightly bent and in the end 
broke. 

With great risk of his life the engineer 
shut down the engine. 
it was found that besides 
crank-shaft, one of the bearings 
cracked almost entirely through. 
necting-rod 


On examination, 
the broken 
was 
The con- 
bent and several teeth 
were stripped from the governor gear; in 
fact all but the owner declared the engine 
to be a hopeless wreck. 


was 


3ut the owner was a man who would 
back up his beliefs and he believed that 
the machine could be repaired. 


A new crank-shaft was ordered, with 


its ends lengthened for out-board bear- 
ings, and in the meantime he set 
repairing the other damaged parts. 

The connecting-rod was heated in the 
blacksmith shop, and straightened as nearly 


about 


as possible with straight-edges. Then the 
lathe and 
turned, the point of a tool just grazing it 
to find bends. 


rod was placed in a slowly 
This operation and subse- 
quent bendings by means of clamps and 
blocks were continued until the rod was 
practically straight. 

To facilitate repairing the governor, the 
bevel gear on the tumbling-rod was taken 
off. Small holes were drilled along the 
length of the stripped threads and the 
holes tapped Threaded rods were 
screwed in the holes, the ends of the rods 
clipped off even, and the stubs filed down 
to the shape of the teeth in the gear. 

The next job was not so simple. A 2 


out. 








CRACK IN MAIN BEARING OF ENGINE 


inch hole was drilled through the bottom 
of the bearing into the inside of the en- 
gine-bed and countersunk. A 
bolt with a large head was heated red 
hot, run up through the hole by means of 
the hand-hole, and held in place with a 
sledge as shown in Fig. 2. It would have 
been a simple matter to have blocked up 
the engine bed to get at this job, but it 
was not 


casting, 


It took nice work to 
get the bolt thoroughly riveted before it 
had cooled much, but it was successfully 
done, and on shrinking, the bolt drew the 
casting at the crack tightly together. 

A piece of %4x3-inch iron was then fitted 
arourd the bearing and down the sides.of 
the bed and clamped in place. Holes were 
bored at intervals, and stud-bolts inserted. 

The out-board bearings were then put 
up, and after the crank-shaft had 
arrived, all four main bearings were new- 
lv babbitted. 


necessary. 


new 


IDEAS 


Although the speed of the engine was 
cut down a little on starting, it still re- 
mains very high, and gives continual satis- 
faction. 

R. WELLINGTON. 

Cincinnati, Ohio 


Water in the Low Pressure 
Cylinder 


In the April 7 number, page 543, H. A. 
Hickman the 


fly-wheel 


inquires about condenser 
mentioned at the accident at 
Dover, N. J., and how it is possible for 
a low-pressure cylinder to draw a dose 
of water from a condenser while in oper- 
ation 


Stud Bolts 


\ 


2 3 New Babbitting 
lrou Strap 


Shaft in lace 


Handhole 





FIG. 2. RIVETING INACCESSIBLE BOLT 


The condenser in question had a hor 
izontal, single-cylinder, double-acting 
pump and was placed in the cellar at a 
lower level than the engine. In the ex 
haust pipe was a balance valve with the 
weight so arranged that a gallon of water 
going back would close it and throw the 
weight. Of course, if the engine were 
with load the 
hold the valve open. 


running would 


exhaust 

The engine was 16 and 30 by 42 inches 
in size and ran at 80 revolutions per min 
ute. The condenser had very little lift, the 
supply being about on a level with the 
gump, 
vacuum it 


and as long as there was any 


would continue to fill with 
water should the pump stop. 

This is a frequent cause of getting water 
in a cylinder; the pump stopping itself, 
or being stopped by an attendant without 


shutting off the injection water. I have 
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known a cylinder to fill from a condenser 
that was stopped, the condenser being 
below the cylinder with a 15-foot lift and 
the engine in operation. 

W. E. CRANE. 
Waterbury, Conn. 





Nominal and Actual Size of 
Shafting 





On looking over a recent specification 
for a lot of mill gearing prepared by a 
consulting engineer of New York, I 
found that all shafting of 5-inch diameter 
and under was to be 1/16 inch below the 
nominal size, that is, 5-inch would be 
415/16 inches, 4-inch would be 315/16 
inches, andsoon. Will some of the readers 
kindly tell me if such be the regular prac- 
tice in America, and give a reason for 
same? 

I remember that years ago some such 
practice was usual with some firms in 
England, the reason given being that the 
mills rolled the material to the nominal 
size, and the difference represented what 
was taken off in the lathe. This has long 
since been rendered unnecessary by the 
obvious improvement of rolling the stuff 
large enough to permit of turning to dead 
measurements. 

MATTHEW ENGLISH. 

Manchester, England. 





Wiring Valve-stems 





In an article on “Restoring a Disabled 
Pump,” in the April 14 issue of Power, 
W. H. Wakeman explains how he fast- 
ened the water valve-stems of a pump 
together so that they could not unscrew. 
The way Mr. Wakeman does it is rather 
complicated compared with the way I have 
done it and have always seen it done. 


Bored 
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No, 10 or 12 Wire 





WIRING VALVE-STEMS 


I would drill 3/16-inch holes through 
the heads of the water valve-stems as pér 
diagram, and in screwing in the valve- 
stems I would leave them in such a posi- 
tion that a No. 10 or 12 brass wire 
would pass through one valve-stem and 
on through the other, and then bend both 
ends of the wire up. 
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It is usual to drill through each side of 
the valve-stem head and then in screwing 
it in, it can be stopped at almost any de- 
sired position. If the valve-stems are in 
a close place, as they nearly always are, 
the wire can be bent and straightened as 
it is put in. I have had charge of four 
pumps for four years that have had the 
valve-stems wired in this manner, and 
they have not given any trouble except 
renewing a wire occasionally. 
Percy A. SHAW. 
Newport, Ark. 





Design of a Grinding Machine 





The accompanying sketches show a 
grinding fixture which the writer was 
called upon to design, the circumstances 
of which may be interesting to readers. 
We had some long shear blades to grind 
and had been in the habit of having the 
job done by outside parties. The bills for 
this work caused quite a stir in the man- 
ager’s office, and it was decided that 
henceforth our own force would attend to 
the matter. 

A drawing was, of course, the first 
thing required, and was made and turned 
in for approval; but here the trouble be- 
gan. One of the firm was of the opinion 
that the wheel should be run at right 
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angles to the feed of the blades, thereby 
cutting across them. The foreman of the 
press room was of the opinion that the 
wheel should be parallel with the blades. 
Fig. 1 will illustrate their respective ideas 
and the relative position of the grinding 
wheels. . 

As each man was “set in his way,” and 
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had plenty of precedent to back him, it 
looked like a deadlock. However, in 
order to give each one his inning, the de- 
sign shown herewith was brought out. 
The grinding wheel was of the open- 
ring pattern, shellacked to a cast-iron 
body as shown in Fig. 2. The shaft was 
pinned to this body and ran through steel 


Direction 
of Feed ~ 
| ee 














— 
Shear Blade | 
Wheel 
Direction of Feed ——_» 
| eR A AO Wheel 
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FIG. 2. RELATION OF GRINDING WHEEL TO 


DIRECTION OF FEED 


bushings in the two prongs of the cast- 
ing in the usual well-known manner, be- 
ing operated by a belt over the small pul- 
ley in the center. 

As will be seen by the sketch, the upper 
part of the casting is square and was 
finished at the sides f,f, and also on the 
small bosses surrounding the bolt holes. 
The object of this was to allow the cast- 
ing to be bolted to the cross-rail of the 
planer, either with the wheel parallel to 
the shear-blades as they were bolted to 
the planer table, or at right angles to 








FRONT AND SIDE ELEVATIONS OF GRINDER 


them; the bolts passing through both 
walls of the casting and screwing into 
threaded holes in the carriage on the 
cross-rail. Needless to say it would work 
as well one way as the other, and every- 
body was satisfied. 
F. W. Bostwick. 

Nashville, Tenn. 
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Lubricator Connections 


I notice that engineers have had more 
or less trouble with their lubricators, so 
would like to give my experience with 
them. 

Eight years ago I was sent to start up 








FIG. I. CONNECTION WHICH FAILED TO 


GIVE GOOD SERVICE 


a new plant. On the main engine I con- 
nected the lubricator with a condensing 
pipe 36 inches long. On the smaller en- 
gine the condensing pipe was only 14 
inches long, and the latter worked the 
best. The only trouble with the other was 
that the sight-feed valve could only be 
cracked open; it would feed all right for 
a while, but would soon slow down and 
stop. I believe that the condenser pipe 




















FIG. 3. OIL“-PUMP CONNECTION FOR VER- 


TICAL ENGINE 


should not be over 
good many cases less. 
A few days ago IJ noticed that the sight- 
feed glass on one of the lubricators was 
slowly filling with oil, so slowly that in 
four hours’ time it had only backed down 
about I inch. I examined it carefully, but 
could find no leak around the glass or 
anywhere else. When shutting down the 


18 inches and in a 
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engine, and also the condenser, I noticed 
air bubbles going up the sight-feed glass 
so fast that you could see three of them 
in the glass at the same time. I tight- 
ened up on the bottom gasket and the 
bubbles stopped. Why did 25 inches of 
vacuum show such a big leak and 150 
pounds pressure apparently none? 

The plant that I am now in has four 
condenser pumps and the lubricators were 
attached as shown in Fig. 1. I noticed 
that they did not work good and asked 
the oiler, who had been there some time, 
what the trouble was with them. He said 
they were no good and that they never 
worked any better. I, of course, got 
curious and began to investigate. They 
looked all right, but with the sight-feed 
valve wide open, all the coaxing you could 
do would not make those lubricators feed. 
I felt of the condenser pipe and I found 
it cold as far back as the ell at A. This 
solved the mystery—we had a balanced 
column of water in the condenser pipe. 
This was changed as shown by the dotted 
lines and we had no more trouble with the 
feed after that. 
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FIG. 2. USUAL POSITION FOR CYLINDER 


OIL PUMP 


It is noticeable that the oil pump is 
gradually taking the place of the old lubri- 
cator, and most of these pumps are placed 
down low where they are convenient to 
fill and attach to the valve-gear (see Fig. 
2). When engineers are asked how they 
like the pumps in this position they are 
more or less dissatisfied. 
not work good, or they cannot be 
pended on. Others are placed on top of 
the cylinder (dotted lines, Fig. 2) and in 
every case that I have seen are perfectly 
satisfactory. 

We have a pair of pumps on a large 
vertical cross-compound engine, attached 
as shown in Fig. 3. These pumps have 
worked nearly every day for over three 
years, and I have never known them to 
fail. I believe that all pumps should be 
so placed that they will discharge either 
on a level with the pump or downward. 
It may be more work to attach them with 
the valve-gear or you may have to climb 
to fill them, but I think it will give bet- 
ter satisfaction. 


The pumps do 


de- 


T. C. WILLIAMS. 
Springfield, Mass. 
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Engineer Should Be 
Prejudiced 


A Good 


In Power, April 28, Mr. Baker refers 
to Mr. Noble’s questions on water-tube 
and fire-tube boilers. He says in his 
article that a good engineer can have no 
prejudice. Here is where he makes a 
grave mistake, because if an engineer is 
not prejudiced against a host of inferior 
appliances and supplies, he is not a good 
engineer. It is very from 
his article, that 
he is prejudiced in favor of shell boilers 
of 80- to 100-horse-power capacity. He 
says he would not install a boiler of 
greater diameter than 66 inches, or greater 
length than 20 feet. I agree with him on 
the length, but all engineers, and many not 
engineers, but in a position to judge, will 
not agree with him on the diameter. 
There are thousands of 72-inch shell boil- 
ers in the United States giving satisfac- 
tion, and do not blow up oftener than 
those of less diameter. 

Personally 1] battery of 
twelve 84-inch horizontal tubular boilers 
installed three years ago that are giving 
the best of satisfaction. They have shells 
%-inch thick and carry 150 pounds pres- 


also evident 


several statements in 


know of a 


sure, this being based on an 84 per cent. 
joint and a safety factor of five. 

Of course, it is true that any boiler may 
be abused and be short lived and give out 
without notice. It is absolutely impos- 
sible to build a boiler or anything else in 
the mechanical line fool-proof. 

Mr. Baker then ends his article by say- 
ing that if anyone wants a boiler of about 
80-horse-power 200 
pounds pressure, he would recommend a 
tubular of standard dimen- 
sions with butt-strap joints and plates 
15/32 inch thick. He doesn’t say whether 
the joints shall be double- or triple-riveted. 

I do not think his boiler will get by at 
that Take the ordinary steel 
plates of 60,000-pounds tensile strength 
and 


capacity to carry 


horizontal 


pressure. 


a first-class double-strap butt-joint, 
triple-riveted, as designed by the Hart- 
ford Steam Boiler Inspection and Insur- 
ance These have an 
efficiency of 86 per cent., which is based 
on a tensile strength of 60,000 pounds for 
strength of 


Company. joints 


the plates and a_ shearing 
38,000 pounds for the rivets. 
Now an 8o0-horse-power boiler would be 
Calculate the 
strength by the following formula: 


Tx2txX ££ 
D 


60 inches in diameter. 


bursting strain, 
-the tensile strength of the 
plate, f = thickness of the plate in inches, 
E = efficiency of+joint, D—diameter of 
boiler. 


where T: 


Substituting, we have: 


60,000 * 2 x } 
60 


» KX 0.86 
L_xXoes = 806.25 pounds, 


which is the bursting pressure. Using a 
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safety factor of 4.5, which the Massa- 
chusetts Board of Boiler Rules lays down 
for boilers of the butt and double-strap 
construction, gives us a working pressure 
of 179.1 pounds—call it 180 pounds. 

If we use a safety factor of 5, which 
some city ordinances require, we have a 
working pressure of 161 pounds, far short 
of the 200 pounds recommended. I men- 
tion this for the benefit of some who 
might be misled by the article as stated. 

FRANK W. Carey. 

Warren, Mass. 





Is the Game Worth the Candle ? 


I have watched with. interest the com- 
ments brought out by the editorial in the 
March 10 number, “Is the Game’ Worth 
the Candle,” hoping that the question 
would be taken up by engineers whose 
experience with both saturated and super- 
heated conditions would enable them to 
furnish data obtained in every-day work. 

Mr. Fisher, while citing a number of 
instances where superheat effected a sav- 
ing, fails to throw much light on the ques- 
tion as asked: “How highly should steam 
be superheated to obtain the best results, 
either in a turbine or reciprocating en- 
gine, and does anyone really know enough 
about superheat to diagnose and prescribe 
for any set of conditions in a power 
plant?” 

My experience with superheat is con- 
fined to one central station, in which 
were installed three 350-horse-power 
Stirling boilers, with superheaters in the 
middle pass, designed to superheat to 200 
degrees Fahrenheit and to operate as sat- 
urated-steam boilers with superheaters 
flooded, if desired. 

The boilers were connected to a 10-inch 
header through a 6-foot-radius bend, and 
24 feet of 7-inch pipe. Two 500-kilowatt 
Curtis turbines were supplied from this 
header through about 35 feet of 6-inch 
pipe. 

The turbines were designed for con- 
densing service, and the exhaust from the 
auxiliaries passed through a closed feed- 
water heater, which, in combination with 
a Green fuel economizer, raised the tem- 
perature of the water from about 80, to 
220-245 degrees Fahrenheit. All valves 
and fittings were extra-heavy, built for a 
working pressure of 250 pounds, and cor- 
rugated copper gaskets were used 
throughout. Draft was obtained by a 
reinforced concrete stack, 8 feet inside 
diameter and 200 feet high. Altogether, 
the plant was considered a model of up- 
to-date engineering practice on a small 
scale, and great results were expected. 

The condensers not heing ready we 
started up non-condensing, carrying 150 
pounds pressure, with superheaters in 
use. The showing made under these con- 
ditions was far from satisfactory, and the 
turbine builder’s representative suggested 
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higher pressure; so I set the safety valves 
at 185 pounds. This change resulted in a 
better showing, and he suggested 200 
pounds. We carried the pressure around 
200 pounds regularly, working superheated 
steam altogether, for six months, owing 
to the delay in getting the condensing 
system installed, and also lack of cooling 
water. 

On several occasions during this time, | 
flooded the superheaters and worked satu- 
rated steam at 200 pounds. I would make 
the change under light load, and would 
allow the operating force to change 
watches without those coming on having 
any knowledge of the changed conditions. 
The fireman was not long, however, in 
informing me that the boilers were steam- 
ing hard, and the engineer on watch was 
very soon calling my attention to the 
fact that the turbine did not seem to hold 
up as it usually did; in fact, the result of 
the change showed a consumption of about 
I5 per cent. more coal. 
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ter well in the line, at both boiler and 
throttle, to determine the degree of super- 
heat at each place, and to experiment with 
different degrees of superheat and note the 
results ; but I never had the opportunity of 
carrying it out, as I left the employ of the 
company at this time. 

Let us hear from engineers who have 
done what I proposed to do, and can give 
results of different conditions, and degrees 
of superheat. 

Y. NEUMAN. 

Pittsburg, Penn. 





Trouble with a Hot Water Pump 


Herewith I give description and rough 
sketch describing a trouble with a hot- 
water pump. Referring to the sketch the 
steam pump is used for night and special 
services while the plunger (belt-driven) 
pump supplies the day service. For some 
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CONNECTIONS OF THE TWO FEED-PUMPS 


During these six months, no ill effects 
resulting from this high pressure and tem- 
perature could be detected, save gasket 
troubles; practically all of the sheet-rub 
ber valve-bonnet gaskets blew out in spite 
of my following them up several times 
after steam was turned on, and whenever 
one let go I would replace it with 1/32- 
inch wire-inserted asbestos sheet. I do not 
know what degree of superheat we ob- 
tained, but believe that at the boilers it 
was pretty near what the builders specified, 
for when a gasket let go the steam blow- 
ing out- was like transparent flame. The 
change from superheated to saturated 
steam and back, had no apparent ill effects 
on the turbine, although on one or two 
occasions the change from non-condens 
ing to condensing caused the 
bucket-wheels to (apparently) dish and 
rub the stationary buckets so slightly that 
it could barely be detected, and this for 
a short interval only. 

It was my intention to put a thermome- 


service 


time I had noticed that the plunger pump 
was each day gradually handling less wa- 
ter. Recently its capacity became so de- 
creased that I set about to find the trouble. 
It was quite plain that the plunger pump 
did rot get a cylinder full of water at each 
stroke, so I took out some of the suction 
piping thinking it might be badly scaled 
up, choking the supply off. But to my 
surprise the pipes were clean and free. 
Still the trouble continued and the thought 
struck me that the water was leaking back 
from the boilers through the steam pump. 
Such I found to be the case. The very 
hot water and steam backing up from the 
boiler, mixed with the water flowing from 
the heater to the plunger pump, with the 
result that the latter was not getting solid 
water. A new disk in the globe valve at 
A cured all the trouble and new checks 
and disks will be the order all along the 
line next washout. 
R. Manty Orr. 
Brantford, Ont. 
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Has Seen the First Watt Engines 


I have had the pleasure of seeing both 
the original steam engine built by James 
Watt and his second engine, both on ex- 
hibition at the British Museum in London. 
Alongside of these old engines is the sec- 
ond locomotive built by Stevenson. They 
are good to leok at, and when you pass 
from them to the latest types of engine 
you will see a great many of Mr. Watt's 
ideas in the latter, especially those of the 
beam type. The second engine built by 
Watt only been out of commission 
since 1885. 


has 


W. H. Goopwin. 
Kent, Eng. 





An Oiler for Overhead Shafting 


Herewith is shown the sketch of a de 
vice for oiling overhead shafting. It con- 
sists of a cylinder A, Fig. 1, about 2%4 
inches inside diameter and 12 inches long, 
provided with a piston B. To the opposite 
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FIG. I, OILING DEVICE FOR OVERHEAD BEARING 
end of the cylinder is connected a small 
pipe with its end bent in the form of a 
hook E E. To operate, the piston is 


pushed to the end of its stroke, the bent 
pipe is immersed in a vessel of oil and the 
piston is drawn back, drawing the oil into 
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the cylinder. The end of the pipe can 
then be inserted in the oil hole of a bear- 
ing, the piston pushed up and the oil 
forced out onto the shaft. Where drip 
pans are used, the oil may be drawn from 
them by this device. I think this arrange- 
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FIG. 2. REMOVING OIL FROM OVERHEAD 

DRIP PAN 


ment would be an improvement on the 
ladder and oil can method. 

Fig. 2 shows a modified arrangement 
for removing oil from drip pans of over 
head shafting. It has been tried 
found to work satisfactorily. 

JoHn SWEENEY. 


and 


Dedham, Mass. 





Cylinder Oil for Gas Engine 


In answer to A. Charter’s question on 
how to remove carbonized oil from the 
valve bonnets and cylinder covers, would 
say that the best way I have found for 
removing deposits of any kind in gas-en- 
gine cylinders is with an ordinary scraper 
made from an old file, and 
cases when the deposit 


extreme 
burned very 
hard, with chisel and hammer. 

I have never been 


in 


is 


de- 
Mr. 
Charter; in fact have had but very little 
trouble with carbonized oil, and then only 
on the pistons under the rings. 


with 
the parts mentioned by 


troubled 


posits on 


It was 
only necessary to clean them about once a 
year or even less frequent. 

I do not wish to criticize Mr. Charter, 
as possibly the design of his engine is such 
that it cannot be avoided, but it may be 
that he is using too muth oil, or that he 
is using an oil that is not suitable for gas- 
engine cylinder lubrication. 

A number of years ago I was induced to 
try an oil which 
pounded for gas-engine cylinder lubrica 
tion, and apparently worked all right, ex- 


was especiaily com 
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cepting that a large amount of it was 
burned to the pistons and under the rings. 
Needless to say, I am now using a lighter 
oil and have little trouble with cylinder 
lubrication. 

Bert H. Gerorce. 
Findlay, Ohio. 





Development and Use of Formula 
for Indicated Horse-power 


In the May 5 number, page 692, there 
occurs an error that is often made. This 
error is in the answer to question No. 21, 
in regard to the horse-power of a 20x20- 


minute, 
formula 


inch engine, 120 revolutions per 
mean effective pressure, 60. The 
as submitted by the author is: 
PLAIN 
33,000 


or numerically : 


60 2.5 314.16 & 120 
= 169 
33,000 
horse-power 
This answer is slightly inaccurate, but 


of far greater importance is the error in 
the of the for 
estimating the indicated horse-power of 


fundamental use formula 
an engine. 
\ knowledge of the derivation of this 


the of 


this error even when applied to the more 


formula will prevent occurrence 
complex problems of gas-engine practice. 
This formula is developed by direct sub- 
stitution in the general formula for esti- 
mating horse-power. 

The British and American unit of work 
is the quantity of work required to raise 
one pound one foot against the force of 
gravity, and the unit of power is the quan- 
tity of power required to raise one pound 
one foot in one second against the force 
of gravity. The most commonly used unit 
of power is the horse-power, which, as 
arbitrarily defined by early English engi- 
neers, is the quantity of power required 
to raise 550 pounds one foot in one second, 
a formula it 1s: 


or aS 


Feet per minute « Pounds resistance 


33,000 (1) 
In the formula 
> 7 . 
2PLAN (2) 
33,00 


where P is the mean effective 
is the area ot 


pressure on 
one side of the piston, 4 
the piston in square inches, L is the stroke 
in feet, and N is the revolutions per 
minute, P & A is the average pressure in 
pourds per square inch on the piston 

the area of the piston in square inches, or 
formula 


the total pounds resistance in 
(1): 2L is the feet of piston travel 
in one revolution; 2. N is the feet of 
piston travel in one minute, or the feet 
per minute in formula (1). 

Substituting these values in formula 
(1), we have: 
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2LNXPA 
33,000 


AP, = 





, 


or writing this in a form more easily re- 
membered: 





This is, of 
cylinders; 


course, for double - acting 
for single-acting cylinders the 
factor 2 is omitted. The mean effective 
pressure is usually given, as used here, 
for one end of the cylinder and the aver- 
age of both ends is known as the mean 
effective pressure of the engine. If their 
sum is taken, which is neither common 
nor good practice, the formula is the same 
as for a single-acting cylinder, that is, the 
2 is omitted. The use of this formula in 
the example proposed by Mr. Darlington 
gives an answer of 343 indicated horse- 
power, as against his 169 indicated horse- 
power. 

This value, as found, is theoretical only, 
as the developed horse-power of an engine 
is always less than the indicated horse- 
power. For conversion of one of these 
values to the other, or knowing both of 
these values to find the mechanical effici- 
ency of the engine, substitute the known 
quantities in the rule: 

Developed horse-power equals indicated 
multiplied by mechanical 


horse-power 
efficiency. 

The indicated horse-power of a com- 
pound or duplex engine is the sum of the 
indicated horse-power for each cylinder. 

Formula (2) holds not only for steam 
engines, but also for gas, gasolene and 
hot-air engines, air and ammonia com- 
pressors and reciprocating pumps. In the 
case of a compressor or a pump the re- 
quired horse-power is greater than the 
indicated horse-power, and the rule for 
conversion is: 

Required horse - power 
mechanical efficiency 


horse-power. 


multiplied by 
equals indicated 


In gas-engine practice, especially for 
small and medium powers, it is practically 
impossible to find the mean effective pres- 
sure with an indicator. The speed of 
these engines is often in the neighborhood 
of rooo revolutions per minute, and no 
indicator is fast enough to take an ac- 
The in- 
tense heat of combustion is transmitted to 
the delicate working parts of the indi- 
and, without special construction, 
this will lead to serious error. The high 
pressure directly following ignition, often 
about 400 to 500 pounds to the square 
inch, requires a very stiff indicator spring. 
Error is apt to occur in a four-stroke- 
cycle engine by not correctly deducting 
the compression area of the card from the 
power area. Because of these difficulties 
in actually determining the mean effective 
pressure in a gas engine, it has become 
customary to assume values for the dif- 
ferent types of engine and nature of the 
fuel used. One of the largest and most 
progressive builders of high-power, slow- 


curate card at these high speeds. 


cator 
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speed gas engines in this country uses the 
following : 

Mean effective pressure with blast-fur- 
nace gas, 60 to 65 pounds per square inch. 

Mean effective pressure with producer 
gas as fuel, 75 pounds per square inch. 

Mean effective pressure with rich natu- 
ral gas as fuel, 100 to 110 pounds per 
square inch. 

For two-stroke-cycle medium-speed en- 
automobile and mofor-boat engines with 
gasolene as fuel the mean effective pres- 
sure is 60 to 80 pounds. 

For two-stroke cycle medium-speed en- 
gines with gasolene fuel, 40 to 60 pounds 
per square inch is a common figure. 

Care must be taken when applying for- 
mula (2) to note the number of cylinders 
of the engine, whether they are double- or 
single-acting and if of two-stroke-cycle or 
four-stroke-cycle type. If the engine has 
more than one cylinder, compute the indi- 
cated horse-power for one and multiply 
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Knock in Valve Gear 


I am running an Atlas automatic side- 
crank engine, cylinder 11x16 inches, mak- 
ing 200 revolutions per minute, and there 
is a knock in the eccentric; as the col- 
lar appears to be perfectly tight, there is, 
seemingly, no reason for the knock. Will 
someone familiar with this type of engine 
please give his opinion as to the cause 
of this knock, and the remedy for it? 
When the engine is running a little under 
the regular governor speed there is no 
knock. 

WILLIAM INGRAIN. 

Denver, Colo. 





Preventing Walls of Boiler Settings 
from Cracking 





I have two large return-tubular boilers 
to set and have decided to use the follow- 























PLAN OF SETTING FOR RETURN-TUBULAR BOILERS 


the result by the number of cylinders for 
the total indicated horse-power. If the 
cylinders are double-acting, apply for- 
mula (2). If single-acting, omit the fac- 
tor 2 from formula (2). If the engine 
is four-stroke-cycle, divide the result by 2. 
If two-stroke-cycle it receives its impulses 
like a steam engine, that is, one every 


stroke, and formula (2) is correct. For 
example, a three-cylinder single-acting 
four-stroke-cycle engine takes the for- 
mula: 
PEAN< 3x % 
33,000 
A four-cylinder double - acting two- 


stroke-cycle engine takes the formula: 
2PLANxX4X2 
33,000 - 
C. G. PETERSON. 





Buffalo,. N. Y. 


ing method: The walls will be built in 
sections from 8 to 10 feet long, leaving a 
space of about % inch between sections, 
as shown in the sketch. The spaces will 
each have an enlargement in the center 
about 2x4 inches in size, running vertical- 
ly, and this will be packed with mineral 
wool. Fire-brick will be laid integral 
with the other brick, not having the cus- 
tomary air space between. 

I have tried the conventional form of 
boiler setting and used all possible pre- 
cautions, still the walls cracked; therefore 
it seems to me one might just as well 
build the walls with the cracks already in 
them, and properly calked. 

I shall be glad to have the opinion of 
readers with regard to the plan. 

W. F. Suutrt. 


Darwin, Texas. 
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Simple Method of Coal Distribution 





I often see descriptions of up-to-date 
coal-handling machinery for the power 
plant, but the fellow who has a back- 
number outfit usually keeps it to himself. 
Nevertheless the description of some old- 








FIG. I. 


SIMPLE CONSTRUCTION OF WHEEL 
AND RAIL ; 
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FIG. 2. METHOD OF SWITCHING CARS 


fashioned method is liable to bring out 
points which may be a help to some other 
fellow in like circumstances. 

In the plant where I am employed, the 
different boiler rooms are scattered 
around in different buildings over an 
area of 30 acres. Our cars are simply 
square trucks with detachable boxes. Over 
half a ton of coal can be handled on each 
truck by one man with ease, as the ground 
is all fairly level. The track is half-round 
iron, 7%-inch wide, fastened down to a 
plank bed with common wood screws. 

Fig. 1 shows the construction of the 
wheels, and Fig. 2 will give an idea of the 
track; the square shown is %-inch iron 
plate. A pull on the car to either side, 
on the front end, is sufficient to guide 
the wheels on to either side track. The 
track is laid on an ordinary plank walk, 
and it answers the twofold purpose of a 
track bed and sidewalk. 

About 3000 tons of coal per year is run 
over this track, and the only cost for re- 
pairs is when a plank must be renewed. 

JosepH NEwrTON. 

Binghamton, N. Y. 





How Was the Vacuum Formed? 





Regarding J. W. Power’s question, in 
the March 31 number, “How was the 
vacuum formed?” I would answer it by 
Saying that water in the horizontal pipe, at 
the point of fracture, caused water- 


hammer. 
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In the sketch of the piping no drain is 
shown at the foot of the vertical exhaust 


riser at A. The draft of the steam from 
the engine through the coil to the atmos- 
phere would carry the condensed water 
around as near the exhaust opening as 
the force of the back-pressure could hold 
it. This accounts for the rupture being 
on the side nearest the exhaust opening. 
Had a small opening been left at A, the 
condensed water would have been carried 
off; or had the pipe been much smaller, 
and the back-pressure been high enough, 
possibly the water might have been car- 
ried out with the steam. But as it takes 
one pound pressure to raise water two 
feet, and as the exhaust riser was proba- 
bly 12 to 14 feet high, it would take from 
six to seven pounds back-pressure to 
throw the entrained water out, and more 
or less water-hammer would occur. 

The 8-inch pipe provided a splendid 
place for the suspended moisture in the 
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LOCATION OF BREAK IN PIPE 


exhaust to separate and, with the con- 
densed steam, to collect near the exhaust 
opening. If the pipe graded back from 
A toward B in the accompanying sketch, 
the water would lay in the pipe where the 
collapse occurred. This would cause 
water-hammer in the pipe that ruptured, 
even if there was an outlet at A. 

I think the term “collapse” is a mis- 
nomer, for had a vacuum caused the 
break, as Mr. Power seems to believe, the 
air would have rushed into the break with 
a hissing noise, which is nothing to be 
afraid of, but the terrific report, and 
clouds of steam accompanying the rupture 
of an 8-inch pipe from water-hammer, 
would make the best of men “duck for 
cover.” 

G. H. KE occ. 

Syracuse, N. Y. 

In the March 31 issue, page 499, Mr. 
Power asks how the vacuum was formed. 

In my opinion, a portion of the pipe be- 
tween the collapsed joint and the outlet 
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end of the pipe was full of water, and the 
steam that Mr. Power says was issuing 
freely from the end of the pipe was in 
reality escaping from the free surface of 
the hot water. 

Steam coming into contact with this 
water would condense and form a partial 
vacuum. The vibration in the pipe sug- 
gests the presence of water. 

As a remedy, I would suggest a drain 
at the first bend from the outlet, and that 
the whole length of pipe be given a fall 
toward this drain. 

D. Krew. 

Palmer’s Green, London. 





Trouble with a Heating System 

I had charge of a steam-heating plant 
some time ago and when the weather was 
at the zero mark I often found my boiler 
flooded, especially in the morning, and 
tried every way to locate the cause. One 
day I was up at the tank, shown in the 
accompanying sketch, and heard steam 
blowing in the water. I followed up the 
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HEATING SYSTEM WITH STEAM CONNECTION 


TO TANK 


pipe which was concealed between the 
walls, and found it to be from the steam 
riser of the heating plant. The valve had 
been left slightly open and when steam 
went down at night there was a vacuum 
formed which sucked the water over the 
top of the tank and flooded the boiler. I 
suppose the pipe was put in to keep the 
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tank from freezing, but never was used as 
it was not needed. After closing the valve 
I had no more trouble. 
Fevttx HaGAn. 
Florisant,’ Mo. 





Connecting Field-magnet Coils and 
Reversal of Polarity 


There are several methods of correct- 
ing reversed 
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In connecting up a set of coils the series 
and shunts are connected so as to help 
each other, and this is accomplished by 
connecting the same end of the shunt 
and series coils, that is, if the O end of a 
series coil comes out on the terminal 
board, the same end of a shunt coil must 
also be the outside end in order to have 
the coils work together. 

In correcting a reversed machine, it is 
an easy matter if there are more machines 
in the station to remedy the trouble. If 


machines, but the method not, a few batteries will answer the pur- 
given in this article will be sufficient to pose just as well, only it will take lon- 
Nc z 
%, SERIES. COILS- - 3\5 
- - als 
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CONNECTIONS OF 


help any engineer to determine how to 
correct the trouble. 

When the polarity of a machine is re- 
versed it can always be told by two things, 
and these are the voltmeter and_ pilot 
lamps on the switchboard. If the arma- 
ture is reversed, the machine will not pick 
up until the leads are changed on the 
brush studs, and, of course, this reverses 
the series and shunt fields. A certain type 
of voltmeter will read backward, and the 
pilot lamps show the machine to be gen- 
erating. 

If the field coils are reversed on a two- 
pole machine, it will not pick up; with a 
four-pole, a faint spark will be seen by 
short-circuiting the brushes, and machines 
with more than four poles will pick up, 
but will not hold the load. 

The sketch shows the connections of the 
field coils. The terminals marked O mean 
the outside of the while those 
marked /7 are the inside terminals. The 
O terminals should connect together, as 
should also the J terminals. The reason 
for this is, most makers wind the coils in 
the same direction, and if all 


coils, 


the coils 
were put on the same way, it would result 
in the failure of the machine to pick up 
or generate, as it would cause all magnetic 
lines to be in the same direction, and in- 
stead of north and south poles, all would 
be of the same polarity. 
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Commutator 
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FIELD-MAGNET COILS 


ger. The batteries are connected in series 
with the shunt coils. The first thing to 
determine is whether the machine is 
generating, and the voltmeter should tell 
this, or the pilot lights, if the machine is 
up to voltage, as the voltmeter and the 
pilot lights should be connected up ahead 
of the generator switch. If the machine 
is up to voltage, the voltmeter will read 
backward, and if there are no other ma- 
chines connected to the same bus-bars, the 
trouble may be corrected by going behind 
the board and changing the leads on the 
switch studs. Now if there are no arc 
lights on the circuit, this would change the 
polarity, but the machine would be liable 
to reverse back at any time. 

If the machine is running in parallel 
with others, the method of correction is 
not so quick, but as simple as the first 
case. On most modern types of machine 
the equalizer and negative switch are 
located on a pedestal near the machine, 
and they are of the single-pole type, while 
the positive located on the 
switchboard. 

Throw in the equalizer and the posi- 
tive switches, being sure that the nega- 
tive switch is open as well as any other 
connections that would give a negative 
current. This will allow part of the cur- 
rent from the other machines to go 
through the series fields of the reversed 


switch is 
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machine. After a few minutes start up 
the reversed machine and bring up to a 
little more than half speed. Take a com- 
pass and go over the fields to make sure 
they are O. K. To do this, hold the com- 
pass near the field and if the blue end of 
the needle points toward the pole, mark 
the field B, and if the white end is at- 
tracted mark it W, and this will be just 
the same as marking them N and S, which 
means one is a north pole and the other 
is a south. 

After determining that the polarity is 
all right, bring the machine up to speed 
and notice the ammeter on the machine 
that is doing the charging and see if the 
load has increased. If it has, the reversed 
machine is “being worked on,” and is 
now O. K. If there is no increase in the 
load on the other machine, there is an 
open circuit, and it should be looked up, 
for until it is found the reversed machine 
cannot be “cured.” Before throwing the 
machine in with the others, pull out the 
positive switch and bring the corrected 
machine up to voltage, and then throw it 
in service. 

C. R. STrRorHer. 

Charleston, W. Va. 





Is This Perpetual Motion? 


The illustration represents a _ hollow 
ring, true and uniform in curvature, rest- 
ing free on a smooth horizontal plane in 
the manner shown. Within the hollow of 
this ring we fill just sufficient mercury to 
stop off a column of water reaching to 
the top of the circle on one side of the 
ring while the other side remains empty. 








HOLLOW RING 


CONTAINING 
AND WATER 


MERCURY 


In the illustration X Y Z is the ring: X 
the empty portion, Y the water, and Z 
the mercury, in the relative positions as 
found when the ring is properly filled, 
CDE the horizontal 
which the ring resis. 

Now the question is, will the mercury 
unbalance the water, or the water unbal- 
ance the mercury side of the ring and 
produce motion? Or will they remain 
stable and unbalanced, and if so, why? 

O. A. BENKENDORF. 


being base upon 


Belen, N. Mex. 
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Packing Economy 


In a certain pumping plant there is a 
6,000,000-gallon, low-duty pumping engine, 
an old Hoily quadruplex piston pump; it 
took originally 14-inch square packing 
for the plungers. This being quite an item 
of expense, sleeves of cast iron were made 
to fit on the plungers, reducing the size 
of the packing to 34-inch square. The 
pump works just as well, and the expense 
of packing is reduced one-half. There is 
also a 3,500,000-gallon Gaskell pumping 
engine, inside packed, which formerly used 
2-inch square packing. The same methods 
were employed on this pump, a bushing 
being made which reduced the size of the 
packing to I inch square. 

















FIG. I. 


CONVENIENT 


Much of this packing taken from the 
pumps can be used again in feed-pumps. 
so in order to trim it in good shape and 
in quick time a saw was rigged up in the 
manner shown. 

A small table, probably 3x2 feet, was 
made, well braced, with the shaft A car- 
rying a circular saw B, 6x8 inches in diam- 
eter, as The teeth of the saw 
project through the top of the table a 
couple of inches. Collars CC against the 
bearings take up end play of the shaft. 
The wooden strip D can be adjusted any 
required distance from the face of the 
saw, and held by bolts and nuts E E. The 
power is delivered to the shaft by pulley 
F, the size of which is governed by the 
desired speed of the saw. 
three views. 


shown. 


Fig. I gives 





HANDY 


FIG. 2. TOOL TO CUT PACKING 

handy tool 
for cutting packing. It consists of a 
short board A upon which is mounted 
at one edge the strip B. One end of B 
is sawed at an angle of 45 degrees, or any 
other desired angle, and carries a sharp, 
knife C, which is operated by 


In Fig. 2 is shown a 


thin the 


ARRANGEMENT OF 
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handle E. The knife works on pivot D. 
To use, lay the packing in the angle 
formed by A and B and cut with knife. 
If the edge of B is graduated, as shown 
at F, in fractions of inches, time will be 
saved Note 


in the measuring. can be 
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TABLE AND SAW TO TRIM PACKING 
boxes around the plant, to avoid measure- 
ment each time packing is to be cut. 
GEORGE GIBBS. 
Milwaukee, Wis. 





Horrible Example of Indicator 
Diagram 


In regard to the indicator diagram sub- 
mitted by “Electrician,” in the April 28 
number, I say that valve is in 
bad condition, leaking badly and 


would 
very 
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no steam line, and the expansion curve 
falls far what it ought to. The 
point of release is also late, much too late 
for any high-speed engine. 


below 
The wavy 
condition of the expansion and compres- 
the valve leaks or 
then 


sion lines shows that 
lifts off the 
normal position. 


recovers its 
result from 
The engine 


and 
This may 
the binding of the valve-rod. 
is also much under-loaded. 

B. G. HANSON. 


seat 


Brooklyn, N. Y. 





Current Consumption of Induction 
Motor 


Will some interested reader kindly ex- 
plain the following problems which I have 
had occasion to note in connection with 
the operation of our air and circulating 
pumps? with turbines we 
have Edwards air pumps on the conden- 
sers and centrifugal pumps for circulation. 
These pumps are driven by three-phase, 
370-volt induction motors. 

I have observed that when the air pump 
is operating with the turbine under full 
load the but 20 am 
peres. Now if we start the air pump on an 
idle unit, all drips motor 
will take about 35 
one explain 


In connection 


motor requires 


open, ete., the 
amperes. Can some- 
why it takes 
rent to operate this pump on an idle ma 
chine than it 
full load? 

Another 


motors is as follows: 


more cur 


does on a machine under 
loads on 
The sketch shows 


the pipe connections from the circulating 


case of different 


pump to condensers. The condensers are 
of the Wheeler surface type and we have 
considerable trouble with the tubes being 
stopped up by shellfish, etc. I have noticed 
that when the free 
from all obstructions to the flow of water, 
the motor on the pump takes about 
65 amperes and under these conditions the 
gage shows a slight vacuum. Now re- 
versing the conditions, that is, having the 


condenser tubes are 





Centrifugal 
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The 


diagram shows excessive and early com- 


needing re-setting and overhauling. 


pression, caused by the exhaust closing too 
early in the stroke, compressing the en- 
trapped steam to a pressure exceeding 
that of the boiler. The cut-off is much 
too early, the diagrams showing little or 


\ND CONDENSER 





Suction 


ARRANGEMENT 


condenser tubes plugged and the water 
flow very much obstructed, the gage will 
show a pressure of about four pounds and 
the will about 
30 amperes. 


motor current drop to 
L. A. THOMPSON. 


Quincy, Mass 
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A Steam Am Repair 


The accompanying sketch shows a 
repair made on the steam arm of a Cor- 
liss engine. 

The arm became broken on the line 
shown, but by a fine bit of forging a steel 
strap was shaded and welded, then heated 











STEAM-ARM_ REPAIR 


and shrunk in place, the result being such 
a neat job that it is seldon noticed. 
Joun L. Jones. 
Philadelphia, Penn. 





Replacing Piston Rings 





Usually when repair rings are ordered 
they come cut, but should always be tried 
in the cylinder before they are put on the 
piston. See that a small space is left be- 
tween the ends; this allows for expansion 
of the ring, and inequalities in the bore of 
the cylinder. If the ring is not cut, saw it 
with a hack-saw in the thinnest place, if 
the ring is eccentric, and then place it in 
the cylinder with the ends overlapping 
each other; mark them, saw out the ring 
and file it. Have no sharp edges, and 
see that the ring will move freely in the 
slot or groove in the piston. 
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CLIP FOR ENTERING PISTON RINGS 


If the piston is of the built-up type the 
rings are easily placed; if of the solid- 
head type more care is needed. In this 
case the rings must be sprung over the 
head and into place, and the best and 
safest way is to heat them considerably 
hotter than the bare hand can touch, place 
against the head, with one man expanding 
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by means of a pair of tongs, and another 
man to force the ring into position. Great 
care must be used, and the expansion of 
the ring must be gradual, or it will 
break. 

When one of these solid-head pistons 
is to be placed in the cylinder, make six 
or eight clips or pieces of thin iron of 
the shape shown. The length A should 
reach from the face of the cylinder just 
to the end of the counter-bore; the bent 
part B is to keep it from being pulled up 
into the cylinder. These clips are spaced 
around the piston at intervals, and by this 
means the rings are closed enough to en- 
able the piston to enter the bore without 
undue trouble. 


GEORGE GIBBS. 
Milwaukee, Wis. 





Compressed Air Tank 





In the setting and arranging of air 
tanks or receivers, some engineers cause 
themselves considerable annoyance by not 
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PROPER ARRANGEMENT FOR AIR TANK 








observing a few fundamental principles in 
making a selection and installing same. 
In the accompanying sketch will be seen 
the proper setting and piping of an air 
receiver of the vertical type, which is 
mostly used for small plants. 

It will be noticed that the inlet pipe 
enters at the top, and the outlet pipe re- 
ceives its air from the bottom of the tank. 
This is the proper arrangement for such a 
tank, as the compressed air carries con- 
siderable moisture and enters the tank 
somewhat heated. This hot air will rise 
to the top, and the cool air, which will be 
more dry, will go to the bottom, and by 
this means the air is forced to remain in 
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the tank longer and impart more of its 
moisture. 
C. R. McGaney. 
Lynchburg, Va. 





Criticism Wanted 





Accompanying diagram was taken from 
a Corliss engine running very unsatis- 
factorily. I would like to see criticisms 








DIAGRAMS FOR CRITICISM 


of it. The engine was direct-connected to 
a 100-ton, wet-compression, ammonia com- 
pressor. 
WALTER C. RADDANT. 
Brownsville, Penn. 





Oil not Injurious to Boilers 





Mr. Stanfield asks the opinion of your 
readers as to whether oil from the lubri- 
cator of his Marsh pump will have any 
deleterious effect on his boilers. My 
answer to his question is that it will not, 
other things being carefully considered. 

The Marsh pump was designed with 
the object of heating the feed-water with 
its exhaust steam, thus making it as 
economical as an injector and at the same 
time warming the feed-water. The idea 
is not new, old engineers on the river 
claiming that the exhaust from the 
“doctor” pumps was disposed of in the 
same way, and any engineer with a globe 
valve, check-valve and enough fittings and 
pipe to connect the exhaust and suction 
pipes of his pump can try the experiment, 
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APPARATUS FOR THE EXPERIMENT 


provided he is not pumping water at or 
near 212 degrees. The arrangement is 
shown in the figure. 

The check-valve opens outward. In 
starting the pump, the globe valve is closed 
until the pump works smoothly, and then 
opened slowly; the check seats and the 
pump increases its speed slightly, owing 
to the relief of part of the atmospheric 
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pressure. Obviously the water must not flow 
to the pump, and the greater the suction 
lift, the more the water will be warmed. 

With 20 feet of suction lift, indicator 
diagrams from the steam end show a good 
vacuum effect, and a contrast from the 
cards taken while running non-condens- 
ing. The advantages are not many. The 
water is only warmed slightly by the con- 
densed steam and the disposal of the ex- 
haust steam is only an advantage in a 
shaft or a pump pit where it would other- 
wise have to be piped out. 

As to the objection of cylinder-oil in 
the boilers, opinions are divided. If the 
cylinder-oil is a pure mineral oil, with 
only enough tallow compounded with it to 
keep the cylinders in good condition, it 
can do no harm, as every engineer knows 
of the common practice of adding coal oil 
or black oil to boilers either before or 
after cleaning. I got my first training 
in steam engineering from an old head, 
who read the technical journals and ad- 
vised me to do the same, and from the 
two sources was taught never to return 
any water of condensation to the boilers 
if it contained the least trace of cylinder- 
oil. Since then I have often seen con- 
densing plants where the oil from the en- 
gines accumulated in the boilers until a 
brown ring was formed at the top of the 
water in the glass, yet never have I had 
personal knowledge of any bad results. 

In one plant we had a Stilwell-Bierce 
open heater which was cleaned every two 
weeks, and fresh hay or excelsior substi- 
tuted for the old in the filter chamber. I 
was away for a month and during that 
time the hay was omitted, so that the 
boilers had been getting a quart of capital 
cylinder-oil every 12 hours, but no bad 
results happened, nor did the boilers show 
any effect from it. 

Oil has the effect of sometimes loosen- 
ing the scale in a boiler, in which case the 
scale may pile up in a heap over the fire 
sheets and cause a bag. Boiler com- 
pounds, sal soda, japonica and other 
methods of loosening scale will do the 
same, sO some precaution need be taken 
in returning oil to a dirty or badly scaled 
boiler. At least the blow-off valve should 
be exercised frequently until cleaning day. 

In Mr. Stanfield’s case, he will only re- 
turn the cylinder-oil from his Marsh 
pump, which ought not to use more than 
Y% pint of oil a day. This will be dis- 
tributed between two boilers; it ought not 
to cause any trouble. In practice, I never 
use more oil than enough to keep the 
cylinders and valves from groaning, and 
I have found that all oils are about the 
same net price if so used. I have no 
favorite brand. There are a number of 
good cylinder-oils on the market, and con- 
scientious men selling them. It takes 
about one gallon of 7o-cent oil to do the 
work of two gallons of 35-cent oil and 
leave the cylinders in good shape. 

LeRoy BAKER. 


St. Louis, Mo. 
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Mineral Veins in Switchboards 





It is not very often that a mineral vein 
will show up in blue Vermont marble on 
low-tension work, but the experience that 
I ran into some few days ago shows that 
there are veins.in marble as well as slate. 
I installed a generator, engine and two 
panels in an old plant where an engine 
and generator were already running, and 
the new machine was run in parallel with 
the old one. So after fixing the board 
up for parallel work and getting the ma- 
chinery set, I started the new generator 
up and after running it for an hour or 
so, I shut it down to feel it over to see if 
anything had got hot or was warming 
up. When I put my hand on the com- 
mutator, I got a shock that would have 
raised a layman’s hair. 

Of course, I began looking for a ground, 
and as [ could see nothing, considered it 
time to go to testing, which I did, but 
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ground wire and the other on the marble 
I soon located the vein. I tried to cut it 
out, but it went in so deep that I could 
not reach it without running the risk of 
breaking the marble, so I just took out 
the studs, reamed the holes larger in the 


marble, slipped a rubber tube over them, 


put them back in place and then the ma- 
chine tested clear 
C. R. STROTHER. 
Charleston, W. Va. 





Trouble on Trolley Circuit 





In a street-railway power house we 
have three generators each having its own 
circuit-breaker on the negative side, and 
ammeters on the positive side, with a 
wattmeter on the negative side of the 
line. Our load would average from 3500 
to 3600 kilowatts per day of nineteen 
hours, which we carried with one ma- 
chine, the breaker of which is set to blow 





of Ve; 

cottta——— <2 

+. ‘? ~~? 
-—---——--+-------) -O, O- . 

B 


Voltmeter 


‘a . ira 
fuse ! oo 

a. ae j} | ‘D.P.D.T. Volt. 

) ! meter Switch 1 |} 

Fuse | 

} 


T 
Marble Swit 
| 


chboard 














Leads from Old Machine 


LOCATION OF MINERAL 


after taking off one terminal at a time I 
found I could only get a ring on the posi- 
tive and rheostat side, so by this time I 
begin to think it was a leak. Around 
mines the wires from the generators most 
generally run to the board in a box, and 
as the old box was large I ran the wires 
from the new machine in this same box. 
The top was taken off, but after testing 
here I was still in the air, and I began to 
wonder what was the trouble, because | 
had looked behind the board and I could 
not see a thing. 

On the new board was a double-pole 
double-throw switch for showing the volt- 
age of either machine with one voltmeter. 
When I went over to the board I pulled 
the voltmeter switch out, just for what 
reason I don’t know, and when I tried the 
machine this time, I found the ground had 
vanished. 

By the illustration the course of the 
vein can be traced, which I tested by run- 
ning a ground wire to the ground (one 
side of the machine is grounded in mining 
work), and by putting one hand on the 
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VEIN IN SWITCHBOARD 


at 550 amperes. But the rail bonding be- 
gan to get poor and our load began to in- 
crease, so at last we had to run all three 
generators, while our kilowatt output con 
tinually decreased to about 3000 kilo- 
watts per day. 

The circuit-breaker on the large ma- 
chine will blow at 550 amperes yet if the 
cars are near the station, but when out 
on the line a ways it takes as high as 
700 amperes, and if ney are all at the 
end they will pull the engine down be- 
fore the breaker goes out. 
that we are sending out 


We believe. 
more current 
than returns on account of the great line 
loss. But a neighbor stepped in and said 
this was not true; that you must receive 
back the same amount you send out; if 
you send out 
ceive back 


100 amperes you must re- 
100 amperes. This does not 
agree with our conditions. 

Will some reader kindly decide who is 
right and why? 
correct 


Our instruments are all 


M. A. HAMILTON. 


La Crosse, Wis. 
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Methods and Means for Loosening Pulleys 


A Practical, Heart to Heart Talk, with _ Illustrations 


of Various 


Methods, Some: Old and Some New, which the Author has Used 





BY 


Sledging pulleys to “smithereens” is 
rather an unsatisfactory way of loosening 
them, and is a method not to be strongly 
recommended. Some obstinate cases have 
given way to the forcible logic of per- 
sistent moral suasion used by the writer, 
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and, mayhap, it will be of interest if we 
“moralize” in detail. 

We had a solid pulley of 60-inch diame- 
ter, 20-inch face, and 7-inch bore to re- 
move, at the bearings, from its old and 
worn-out shaft in order to substitute a 
new shaft for the old. Two hours of 14- 


HER 


pound sledging by four able men taking 
turns, with two striking in unison at 
diametrically opposite points of the hub, 
plainly demonstrated that “main strength 
and brute ignorance” were out of place. 
All hands, but one, went off to Henscratch 


RMAN 


Even going to the extreme of cutting off 
the shaft length has, in several instances, 
been well repaid by the invariable and 
reasonably speedy success that has _ at- 
tended this method. 

Koblitzky says: “Don’t marry until you 
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FIG, 2. REMOVING 
park to dig for ideas. ‘His Lonesome” 
went off on an independent exploring tour 
to the cellar and brought up a five-ton 
screw-jack, likewise a bright idea. “Boys,” 
said he, use this.” Millwright 
chorus: “How?” 

His answer was as per Fig. 1. Having 
thus suitably rigged the job, a man was 
put at the jack handle. He reported prog- 

but the said: “Nothing 
So observing Lonesome remarked 
that the roof was being raised to the 
moon, and sure encugh the jack was play- 
ing hob with the ceiling. A flood of kero- 
sene oil and equally inflammable remarks 
coupled with a shower of sledge blows 
caused the shaft to start and the trick was 
done. Some will say the jack did it; 
others will maintain that it was due to the 


“we can 


ress, hub-man 


doing.” 


FIG, 


sledges and the kerosene, but in Lone- 
some’s opinion the remarks—heartfelt and 
sincere—did a world of good. 

With all respects to Fig. 1, a favorable 
opportunity offering, the writer had re- 
course to the combination of available 
jack, gateway and pipe shown in Fig. 2. 
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PULLEY IN GATEWAY 


are old enough. When you are old enough 
you will know better.” Similarly let me 
remark: “Don’t laugh at a job being a 
cinch until you are done with it. When 
you are done with it—if not too tired— 
that’s the laughing time.” 

In a certain plant alteration and partly 
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4. RAMMING PULLEY OFF 


new installation, when tightening up a 70- 
inch diameter, 20-inch face split pulley, the 
all too common mistake of sledging the 
key home resulted in cracking the hub at 
the keyway and at the same time turning 
what had seemed a comparatively easy 
job into a pretty tough proposition. 
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The old solid pulley, which the new, 
ruined pulley was intended to replace, had 
been adjudged so bad a case of “stuck” 
as to call for the new split pulley—and 
here we were up against it. Luckily for 
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take the ram’s weight, a much more effec- 
tive blow could be struck. Fig. 4 shows 
the idea. Note the support given by the 
wall, also the slant in favor of both the 
ram and driving off the pulley. 
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FIG. 5. AN EFFECTIVE METHOD OF REMOVING PULLEY 


us, the boss millwright, a positive thinker 
and direct worker, lost no time in vain 
regrets or futile efforts. Under his orders 
four of us, two at a time with a large 
hack-saw frame, cut through the 6-inch 
shaft in about five hours—not so long a 
time when you consider that the cut was 
made close up to the pulley’s hub and 
while partly cramped in the pulley. 

Two %-inch holes were then ratcheted 
into the shaft, parallel with its axis, 90 
degrees from each other and just about 
1/16 inch away from the pulley hub, as in 
Fig. 3. Though the hub was 14 inches 
long, 8 inches was all we could drill down, 
owing to the shortness of our available 
drill. These two relief holes, as I might 
call them, so loosened up the grip of the 
pulley, that after laying a couple of heavy 
timbers across the elevator well and plac- 
ing the pulley down on them, with the 
shaft hanging downward to help along our 
blows, twenty minutes of sledging drove 
the shaft out. 

Having had occasion several times to 
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ram a pulley off, for the reason that a jack 
was lacking, I found that, given a posi- 
tive guide to the hub, a check to prevent 
the ram jumping up off the pulley hub and 
breaking a spoke and a good support to 


In Fig. 5 is shown a method, which | 
fear was in use long before my time, even 
though Mr. Opper’s “Stone Age” depic- 














FIG. 7. TO AVOID 
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tions fail to record this particular antique. 
Where mere strain on the bolts is insuffi- 
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When the job is such as to call for I- 
inch bolt rods, and other circumstances 
permit, it is best to use a finer thread than 
eight to the inch with longer nuts (to 
compensate for finer-thread weakness) so 
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FIG. ©. WRENCH-ON-RIM METHOD OF 


MOVING PULLEY 


RE- 


as to multiply the power by reducing the 
rate of pull. With Fig. 6 we are all con- 
versant. Here two screw wrenches can 
be used, exerting the pull of one against 
the other, or holding the shaft by clamp- 
ing it with packing in its bearing. If this 
method proves insufficient, try Fig. 7. 
Here it is best to tie the rope’s end X 
to another pulley’s hub. In using these 
two methods, where the pulley rim is 
light, great care must be used not to over- 
do the matter. Such over-zeal as putting 
a pipe on the wrench for greater leverage 
would in all probability result in a strained 
wrench or broken pulley rim. Fig. 7 
eliminates the possibility of a broken rim. 

When it comes down to real, deadly 
earnest, an 8-foot chain tong on the pul- 
ley hub and a similar grip on the shaft 
means business, and generally gets there. 

Whenever it is possible to get heat, such 
as a gasolene torch, bunsen burner, char- 
coal, or kerosene-soaked waste, into play, 
do so; its help, moderately applied, is in- 
valuable. Too much heat is apt to re- 
sult is cracked spokes, rim and even hub 
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FIG, 9Q. 


cient to start the pulley, try sledging at 
X, as it will injure neither shaft nor pul- 
ley. In obstinate cases, sledging at X and 
Z and drawing simultaneously at nuts 
AA is a very effective process. 
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when cooling off, owing to uneven metal 
contraction. 

In twisting a pulley loose which im- 
parted motion to the shaft, always back it 
up, as in operation it must have cut a 
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groove forward in the naturally-inclined- 
to-be-stationary shaft. If, as in Fig. 8, the 
shaft imparted motion to the pulley, the 
forward motion of the shaft must evi- 
dently have scored it, starting at Z toward 
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10. ADJUSTABLE-ARM DRAW-CLAMP 


FIG. 


X, and the shaft must be backed up, or 
what amounts to the same thing, the pul- 
ley must be turned forward in its regular 
direction of rotation. 

If it appears that too much stress has 
been laid upon Fig. 8, just bethink of that 
blind rule invariably given and wrongly 
used, “back the pulley.” Occasionally 
“front the pulley.” There’s a reason. 

Several opportunities presented them- 
selves to thoroughly try out Fig. 9, and on 
every occasion it proved itself a winner. 
The 7-inch circular plate has three %- 
inch chains to take hold of every other 
spoke of a six-spoke pulley. Each chain 





FIG. 12. 


BE CAREFUL OF THE UPWARD TILT 


is given a double turn about its spoke 
close down to the pulley hub, so as to 
relieve the cast-iron, double-chain clamp, 
with which it is locked about the spoke, 
from as much of the pulley strain as pos- 
sible. Three-quarter-inch eye-bolts, which 
are used to adjust the chains to an even 
tension, are also used to firmly maintain 
the set of the draw-screw in line with the 
shaft. 

To avoid bending the eye-bolts, the 
plate holes are taper-reamed and in addi- 
tion concave washers A and convex nuts 
B are used. The draw-screw is 13@ inches 
diameter, only 6 inches long, and has 10 
threads to the inch. The small center teat 
C is a useftil feature, and a ratchet forms 
an efficient aid. The eye-bolts themselves 
must not be used for drawing, as individu- 
ally they are far too weak. 

Fig. 1o is self-explanatory. This ad- 
justable-arm draw-clamp is very handy 
for motor and generator pulleys. Centers 
X should, whenever possible, be given a 
hold, as this greatly relieves clamp- 
bends Z. 

We had a case of two 48-inch diameter, 
12-inch flat-face pulleys, which had been 
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placed together to make up one pulley, as 
per Fig. 11. Their rims touched, while 
their hubs were 1% inches apart. They 
had been keyed up keys against each 
other, and with a vengeance, or rather, it 
must have been a sledge, for all our 
attempts to coax the keys out only re- 
sulted, despite our greatest care, in break- 
ing both key-heads off. 

We packed in space X and sledged at A 
to satisfy one man; then we sledged at B 
to satisfy another. Neither end of our 
argument seemed to feaze the pulleys. 

As a last resort we improvised six 
jacks of 3%-inch diameter by 34-inch long 
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FIG. II. A TOUGH JOB 
set-screws and nuts. For a better hold 
the screw-heads were point-center ground 
as at C, Fig. 11, and the flats behind the 
keys at D D were filed down. The easier 
flats, well strained set-screw jacks and a 
hefty sledge on shaft E helped us win the 
day. 

Figs. 12 and 13 are cases of how not 
to take pulleys off. In taking off loose 
pulleys D, Fig. 12, assuming that your 
working partner is sitting on the counter- 
shaft end A and hanging onto cone C to 
keep the shaft from turning, watch out, 























Floor 


FIG. 13. A TRAP FOR TOES AND FINGERS 
for when you do finally get the pulley off 
(probably with a sudden give), the shaft 
pivoted at C and weighted down at 4 will 
tend to fly up at B and cause you grievous 
injury. 
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When up-ending a countershaft and 
slamming it down endwise on the floor, 
as in Fig. 13, it is a good plan to watch 
out for your toes as regards the edge X ; 
but far more serious, because unappre- 
hended, is the danger lurking in the sud- 
den give of the cone. Its own weight, 
even if it originally be moderate, is so 
vastly increased by the momentum of the 
blow, that before you have time to realize 
it, you are fortunate indeed if you have 
any fingers left to nurse. 

This is no exaggeration. It is a posi- 
tive fact as several unfortunates of my 
acquaintance can testify. A simple little 
wooden box similar to the one tied at A 
costs little and does much. Use it. 





As to Vacua 





By F. WEBSTER 





Carl drifted into the engine room occa- 
sionally, not only because it was a relief 
to get away from the heat and dust about 
the furnaces, but also because he had an 
in-growing desire to learn to operate the 
big engines and mysterious dynamos. On 
this particular occasion he was studying 
the gage-board, when Schoéner, the big 
chief, came up from the condenser pit. 
The engineer was built on good-natured 
lines and kindly received Carl’s inquiry 
about the vacuum gage. 

“A vacuum, my boy, is a place mit 
notings in it,” said Schéner, as he gently 
pressed his finger on the crown of Carl’s 
head. “If there was two places, then they 
was called vacua, and -when only a little 
bit of pressure was there, it was a partial 
vacuum. 

Carl then inquired if a place was empty 
when he could not see anything in it. 

“No, not by a steinful,” replied the 
chief. “The world is full of things we 
cannot see in broad daylight either with 
our eyes or our fingers. First thing, there 
is the big atmosphere all over and about 
us, and nobody ever saw it. The atmos- 
phere is heavy, too, and it has a pressure 
of 14.7 pounds per square inch on the level 
where the sea comes in. I learned about 
a vacuum when I was a slender little boy 
mit my father. Two barrels of good cider 
with the open bung-holes on the top lay 
on the barn floor. With a nice long rye 
straw stuck into the cider, I lay on my 
stomach across the barrels and sucked the 
end of the straw. This made a partial 
vacuum in the straw, and the cider was 
forced by the air pressure into my mouth. 
With a perfect vacuum water will rise 34 
feet. If the liquid is heavier than water, 
like mercury, which is a liquid metal 13.6 
heavier than water, then it will stand up 
30 inches for a perfect vacuum. The 
water tube is too long to be handy for a 
vacuum gage, so the mercury tube is 
used. The mercury tube is also used for 
a barometer for measuring the pressure of 
the atmosphere, as you see on the wall at 
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the right of the gage-board. The space in 
the closed tube above the mercury is a 
vacuum, as it contains no air, vapor, gas, 
or bad odors, only pure daylight that 
makes no pressure. The pressure of the 
atmosphere on the surface of the mercury 
in the cup holds up the column of mercury 
in the tube, the weight of this mercury 
in the tube being equal to the pressure of 
the atmosphere on the same area. When 
the air is heavy, and the smoke goes 
straight up high, then the barometer 
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“4 PLACE MIT NOTINGS IN IT” 


stands high; when the air is light, and 
the smoke hangs low and blows into the 
house, then the barometer is low.” 

Carl looked the barometer over care- 
fully, and the chief showed him how to 
make the adjustments and a correct read- 
ing. The screw in the lower end of the 
case was used to raise or lower the bottom 
of the chamois-skin sack of mercury until 
the top surface of the mercury would just 
come in contact with the point of a pin on 
the under side of the cover. This adjust- 
ment located the surface of the mercury 
in the cup at the same hight for all read- 
ings. At the top of the mercury column 
there was a double slide having a vernier 
on one edge worked by a screw. By this 
device it was possible to locate the ver- 
nier exactly on top of the column and the 
hight could be read off to the one-hun- 
dredth of an inch. The thermometer at- 
tached to the side of the barometer must 
be read, and a correction made to the 
barometer reading for temperature. A 
table printed on a card is used to make 
this correction. Also, a special correction 
must be made for instrument error. This 
is a fixed amount marked on the case by 
the makers, and is either added to or sub- 
tracted from every reading. 

“T don’t see how the barometer has any- 
thing to do with running an engine,” said 
Carl. 

“Oh, there was many things besides a 
smoke-stack to make a power house,” con- 
tinued the chief. 
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“If we use a barometer tube open at the 
top and put on a piece of rubber tube so 
we can suck out the air (see illustration), 
just like the boy using a rye straw to get 
the cider out of the barrel, the mercury 
will rise in the tube and show how much 
pressure has been taken off. To measure 
the reduction of pressure in a condenser, 
the upper end of the open mercury tube 
is connected to the vapor space of the 
condenser. If a perfect vacuum could be 
made in the condenser, then the mercury 
column would stand at the same hight in 
the gage as it does in the barometer, but 
this hight is too good for practice, as 
there is always some pressure in the con- 
denser. You see the vacuum gage on the 
board now stands at 22 inches, and the 
barometer on the wall at 29 inches, thus 
showing that the condenser still has some 
pressure in it.” 

“But,” interrupted Carl, “I don’t see 
where you have any connection to a mer- 
cury tube, as the vacuum gage on the 
board looks just like a steam gage, ex- 
cept that the graduations are in inches.” 

The chief continued right on, without 
derailing his train of thought: 

“This nickel-plated dial gage is made 
just like a steam gage, but is graduated in 
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“SUCK OUT THE MERCURY LIKE CIDER FROM 
A BARREL” 


inches so as to give the same reading as 
the mercury tube we have just talked 
about. This kind of a vacuum gage is 
handier and looks nicer on the board than 
the mercury tube.” 

“That is all very clear, but tell me, 
chief, why the vacuum gage is graduated 
in inches, when the steam gage shows 
pounds? The vacuum gage don’t tell the 
pressure in the condenser, either.” 

“Just so, my boy. In the olden time, 
when the smart men made tthe first con- 
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densing engine, they did not have 


nickel-plated steam gages with figures on 


nice 


the face, so they had to use a mercury 
tube until the gage was invented, and the 
habit of reading inches of reduced pres- 
sure got so firmly fixed that the makers 


had to graduate the vacuum dials in 
inches to suit their customers. But it is 
easy to learn how to read a gage that 


tells what you don’t want. It is just like 
telling the time by the clock you got at 
the stamp store. Your clock strikes six 
when the hands stand at four-thirty, and 
you then know that it is time to wash up 
for supper.” 

“My clock is much easier than that,” 
said Carl, “but how can these inches that 
you don’t want on the vacuum gage be 
calculated in pounds of back pressure in 
the condenser ?” 

“In the first place,” the chief continued 
good naturedly, “as the boy sucking the 
end of the tube shows, the hight of the 
column is the amount of pressure that in 
the condenser has been reduced from that 
of the atmosphere. Hence, subtract the 
reading in inches on the vacuum gage 
from the inches on the barometer in order 
to get the inches of pressure in the con- 
denser, and then multiply the difference 
by 0.40, which is the weight of a cubic 
inch of mercury, and you have the con- 
denser pressure in pounds. Thus, if the 
vacuum gage inches and the 
barometer 29 the difference is 
29 — 22 =7 inches, and the absolute pres- 
sure in pounds in the 
7K O40 = 3.43: approximate 
where no barometer is 


reads 22 


inches, 


condenser 1s 
For work 
used, the atmos 
pheric pressure is sometimes assumed as 
30 inches. So you must always remember 
that with a vacuum gage graduated in 
inches a high reading means low pressure 
in the condenser, and a low-pressure gage 
reading means high condenser pressure 
and bad business.” 





To Clean Files 





Files clogged with tin or lead should be 
cleaned with strong nitric acid. For iron 
filings blue vitriol should be used first, 
then the file should be rinsed in water and 
dipped in nitric acid. Dip the file several 
times in nitric acid for copper or brass 
Diluted sulphuric acid should be used to 
cleanse a file clogged with zinc. After 
cleansing, the files should be rinsed in 
water, thoroughly brushed and dried in 
sawdust or by burning alcohol on them. 





The Association of Electrical Engineers 
of the Iron and Steel Industry will meet 
at Philadelphia, June 24 and 25. G. H 
Winslow, 559 Frick annex, is secretary 
and treasurer of the association 





The man who is always complaining 
abcut the machines and tools he is work- 
ing with either has unconsciously drifted 


into a bad habit or needs watching 
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Mechanical Production of Low Temperatures 


The Part the Temperature of the Refrigerant Plays; How the Tem- 
perature of the Cooling Water Affects the Work of the Engine or Motor 





BY 


Refrigerants, such as ammonia, carbonic 
acid or sulphurous acid, have to be com- 
pressed, after having been allowed to ex- 
pand, before they are passed to the con- 
denser to be re-converted to the liquid 
condition. For condensation from the 
gaseous to the liquid condition, it is neces- 
sary, first, to bring the molecules of the 
gas as closely together as possible by com- 
pression, and then to deprive them of the 
heat by reason of which they are able to 
maintain the condition. The 
power required in any compressor will, 
therefore, be dependent upon two principal 
factors, the quantity of the gas that has 
to be handled and the amount of com- 
pression to which it is to be subjected. 

The quantity of the gas to be handled 
depends upon the amount of cooling that 
is to be done by the plant. As previously 
mentioned, each cubic foot of the refriger- 
ant in expanding from the liquid to the 
gaseous condition absorbs a certain num- 
ber of heat units, and will, therefore, ex- 
tract that number of units from the cold 
store, the brine, the ice tank or the air, 
as the case may be, and as each cubic foot 
of the gas has to come to the compressor 
after passing through the evaporation 
coils, the number of cubic feet of the gas 
to be handled by the compressor will de- 
pend upon the amount of refrigeration 
that is being done by the plant. This is 
one portion of the problem. The com- 
pressor must be sufficiently large to han- 
dle the whole of the gas that is made in 
the working of the system. 


gaseous 


TEMPERATURE OF REFRIGERANT HAS AN 
IMPORTANT BEARING 


Equally important is the other part of 
the problem relating to the power re- 
quired by the compressor. Cold _ stores 
are held at different temperatures, and the 
temperature required for the formation of 
ice is usually different from that required 
in cold stores. Some substances, such as 
the carcasses of sheep and rabbits, butter 
and other foodstuffs, frozen hard, 
the atmosphere of the cold store in which 
they are placed being held at from 15 to 
17 degrees Fahrenheit. Ice is usually re- 
duced to a temperature of 15 degrees 
Fahrenheit, or thereabouts, in order that 
it may be stable. On the other hand a 
large number of substances, fruits, vege- 
tables and in particular chilled beef, must 
Beef which has been frozen 


are 


not be frozen. 


is worth several cents a pound less than 
beef which has not been frozen, and hence 


SY UNE YT 


oe 


the process known as ‘chilling’? has been 
introduced for the carriage of beef, the 
temperature of the store in which 
chilled beef is carried being held at about 
34 or 35 degrees Fahrenheit. 

It should be mentioned here, that while 
the freezing temperature of water at stan- 
dard pressures is 32 degrees Fahrenheit, 
the freezing temperatures of liquids in 
which salts or other substances are dis- 
solved is lower than 32 degrees Fahren- 
heit. The freezing temperatures of the 
juices of fruits and of the blood, lymph, 
ete., forming the liquid portions of meat, 
are below 32 Fahrenheit, and 
hence holding the air of the cold store in 
which they are carried at 33 to 35 degrees 
keeps them well above freezing point. 


cold 


degrees 


Temperatures at which the air or the 
water are to be held by the cooling agent 
have a very important bearing upon the 
power required by the compressor. It 
will be understood that the cooling of any 
substances, either air, water or produce, 
can only be carried on by means of a cool- 
ing agent if its temperature is below that 
of the substance to be cooled. Heat flows 
from a higher to a lower temperature, and 
for a continuous passage of heat from 
produce, air or water to the refrigerating 
agent, the temperature of the latter must 
be maintained continuously below that of 
the substances to be cooled, and this is 
accomplished by the continuous circulation 
of the refrigerant. 

It is usual to keep the refrigerant at 
about Fahrenheit below the 
temperature at which the produce, the air, 
etc., are to be held. It will easily be under- 
stood that when low temperatures are to 
be produced, as in the case of complete 
freezing, the temperatures of the refriger- 
ant must be lower than when the higher 
temperatures only are employed, and in 
addition that more must be done 
by the refrigerant in expanding to the 
lower temperatures than to the higher 
temperatures. 


10 degrees 


work 


In the case of ammonia, for instance, at 
5 degrees Fahrenheit, which would be the 
temperature enabling the plant to main- 
tain the air or other substances at a tem- 
perature of 15 degrees Fahrenheit, the 
volume of vapor occupied by one pound 
of the liquid ammonia is 6.49 cubic feet. 
At 25 degrees Fahrenheit, which is the 
temperature that would enable the ex- 
panding ammonia to maintain the air at 
35 de&rees Fahrenheit, the vohime of the 
vapor is only 5.26 cubic feet per pound. 
That is to sav, where the temperature of 
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the cold store or the ice tank is to be 
maintained at 15 degrees Fahrenheit, the 
compressor has a larger volume of gas to 
deal with than when it is to be maintained 
at 35 degrees Fahrenheit, in the propor- 
tion of 5.26 to 6.49. Similarly in the case 
of carbonic acid or sulphurous acid, the 
volume of gas passing through the com- 
pressor is larger for the lower tempera- 
tures. 

This applies to every size of apparatus 
and to, every form of plant. The lower 
the temperature at which the produce is 
to be held, the greater is the work the 
compressor has to perform, and the larger 
must be its capacity for handling the gas 
in the proportions represented by the dif- 
ference in the densities of the gas at the 
higher and lower temperatures. 

At the other end of the compression 
process a similar set of conditions govern 
the amount of power required in the com- 
pressor, the amount of power depending 
on the temperature of the cooling water 
available for the It will be 
understood that in order to have the water 
passing over the pipes in the condenser 
convert the gas to the liquid, it must be 
at a lower temperature than the gas from 
heat, or the heat 
cannot pass; and again the practical rule 
is, the temperature of the cooling water 
of the condenser is about Io degrees 
Fahrenheit than that of the gas 
which is delivered to it. 

All refrigerants have their different 
temperatures corresponding to the differ- 
ent pressures to which they are subjected. 
Thus, with ammonia, a temperature of 
o degree Fahrenheit corresponds to an 
absolute pressure of 30.37 pounds per 
square inch; 5 degrees Fahrenheit corre- 
sponds to 34.17 pounds per square inch, 
absolute; and 180 pounds absolute, which 
is a common pressure for the gas to be de- 
livered to the condenser, corresponds to 
the temperature of about 89 degrees 
Fahrenheit, while a pressure of 198 
pounds absolute, corresponds to a tem- 
perature of 95 degrees Fahrenheit. 


condenser. 


which it is extracting 


lower 


LIFTING THE HEAT 


The matter may be looked upon in an- 
other way. It was pointed out that in all 
refrigeration work the heat has to be 
transported from the object to be cooled 
to the cooling water of the condenser, or 
to the air in the case of atmospheric con- 
densers. It may be taken that the com- 
pressor performs the office of raising the 
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temperature of the refrigerant from the 
point to which it is reduced in the expan- 
sion coils to that ai which it enters the 
condenser. Physicists express this as 
“lifting the heat” from the lower to the 
higher temperature. Professor Siebel gives 
the following formula for the work done 
by the compressor on the refrigerant: 


t—f, 


W= Fr 


“Ay, 

where W is the work in thermal units 
performed upon the gas by the compres- 
sor in lifting the quantity of heat /, from 
the temperature ¢; in the evaporating coils 
to ¢ in the condenser, the temperatures f 
and t; being in degrees Fahrenheit. The 
degrees of absolute temperature of the 
gas in the evaporating coils is expressed 
by 7, and hy is defined as the latent heat 
of vaporization of one pound of the re- 
frigerant in thermal units at the tempera- 


ture t; in the evaporating coils. Obviously 
‘a ee ote 460, 
so that the formula may be written: 
t—z 
W, —_ hy, 
t,; + 460 


W being in thermal units. Taking the 
British thermal unit to be equal to 778 
foot-pounds, according to the latest de- 
terminations of Professor Rowland and 
others, the formula becomes 


778 (¢ — 4,) 
~#+ 460 " 


where lV2 is the work 
pressor in foot-pounds 
refrigerant. 

Carrying the formula a bit farther with 
Professor Siebel, if K is the number of 
pounds of the refrigerant circulating 
through the system per minute, the theo- 
retical horse-power required in the com- 
pressor, omitting all sources of loss, will 
be given by the formula 


778 (¢ — 4,) 


done by the com- 
per pound of the 


* “33,000 (¢; + 460) ©’ 
or as 
778 os 
joan = 0.0234, 


written, 


f—tf >. 
W; = 0.0234 reo K. 


the formula may be 


A little explanation is here necessary of 
the quantity Mi, the latent heat of vapori- 
zation of one pound of the refrigerant at 
the temperature of the evaporating coils. 
The latent heat of vaporization of any 
substance that can be converted from the 
liquid to the gaseous condition, varies 
with the pressure at which the conversion 
takes place. Steam engineers are familiar 
with the fact that the latent heat of steam 
decreases steadily as the pressure at which 
the steam is produced increases, the tem- 
perature of the steam increasing at the 
same time. Similarly, the latent heat of 


the substances used in refrigerating ap- 
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Thus, the latent heat 
of ammonia at o degree Fahrenheit and 
at an absolute pressure of 30.37 pounds 
per square inch, which is the pressure 
corresponding to c degree Fahrenheit, is 


paratus also varies. 


555-5 Btu. per pound; at 5 degrees 
Fahrenheit and the corresponding pres- 
sure 34.17 pounds per square inch abso- 
lute, the latent heat falls to 553.43 B.t.u. 
per pound; at 15 degrees Fahrenheit and 
corresponding pressure 42.93 pounds per 
square inch absolute, the latent heat is 
546.26 B.t.u., and so on. 


ForMuLAS Must Be QUALIFIED 


In estimating, therefore, the power re 
quired for the compressor, the quantity of 
the gas that has to be dealt with, either in 
pounds or cubic feet per minute, must be 
determined, also the temperature to which 
the gas is to be expanded, and that to 
which it is to be compressed before enter- 
ing the condenser. It is then time to 
the formulas given. It will be 
understood that these formulas only deal 
with the work actually done upon the gas 
itself, and even then do not include all the 
work that would have to be done upon the 
gas in practice. They do not include the 
energy absorbed in overcoming the fric- 
tion of the compressor itself. 


apply 


When a gas is compressed, it is heated 
by the act of compression, and the heat 
liberated 
done in 


is an exact measure of the work 
this 
given by the formulas referred 


compressing. It is work 
which is 
to. The formulas are based on the sup- 
position that the gas is compressed adia- 
batically, that is to say, that it receives no 
heat from during the 
process of compression, and that it loses 
none of the heat liberated in the gas. 

In practical work, neither of these con- 
ditions actually exist. 
comes heated, delivers a portion of its 
heat to the walls of the cylinder in which 
it is being compressed, and the heat de- 
livered to the cylinder walls, the cylinder 
cover, etc., is conducted through the metal 
to the outside surface and some of it is 


outside sources 


The gas, as it be- 


lost by radiation and convection and a 
small quantity by conduction. But as this 
loss lowers the temperature to which the 
gas is finally raised, the formula becomes 
that 
it otherwise 


inaccurate to because it is 
lower than 
heat were lost. 

Further, the operation of a gas com- 
pressor or an air compressor is two-fold. 
During a portion of its stroke the piston 
is graduallly increasing the pressure on 
the gas, and at the portion of the stroke 
when the delivery valvé opens the pres- 
sure usually falls to a certain extent, also 
This tends to make the 


extent, 


would be if no 


the temperature. 
formulas inaccurate. 

On the the 
quire a certain amount of qualification, be- 
cause the gas heated 
pands as far as it is able to do so in con- 
sequence of the heat, and further, in all 
compressors there is a certain amount of 


other hand, formulas re- 


which is also ex- 





.temperature at which the 
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clearance at the end. 
ployed in 


In compressors em- 


refrigerating apparatus, the 


clearance has been reduced to its very 
smallest limits by various devices, such as 
making the cylinder ends in the form of a 
dome and making the piston in the form 
But in all cases there 
is a certain small quantity of the com 
pressed the cylinder 


after the delivery valve closes and when 


of a hemisphere. 


gas remaining in 
the piston commences its suction stroke 
As the piston recedes this compressed gas 
expands, the and par- 
tially filling the space into which the fresh 


following piston 
charge of gas is to pass, and thereby re 
ducing the actual quantity that is han 
dled, thus tending to introduce another in 
accuracy in the theoretical formula. 

As usual, practice has determined the 
best sizes of compressor for a_ given 
An examination of the 
the work 


quired to be done by the engine or motor 


amount of work. 


formulas will show how re- 


driving the compressor is affected by the 
water available 
It will be noticed that 
as t, the temperature at which the gas is 


temperature of the cooling 
for the condenser. 


delivered to the condenser, rises, so does 
W, and as previously explained, the tem 
perature at which the gas is delivered to 
the condenser necessarily rises with the 
increase of the temperature of the cooling 
water. Obviously, water cannot cool th« 


substance from which it is abstracting 
heat to a lower temperature than it is at 
itself. 


the temperature of the gas in the process 


Obviously also, it can only lower 


of liquefaction to some few degrees higher 
than its own temperature. Better lique 
faction is obtained by a more rapid cir 
culation of the cooling water, but obvi 
ously there must be a limit to the tem 
perature to which the liquefied gas can be 
reduced, and this limit is some degrees 
above that of the cooling water, the con 
denser temperature being usually taken as 
10 degrees above that of the cooling 
water. 

As indicated at different portions of this 
article, go 
together. The temperature rises with the 
pressure, just as in steam, though at dif 
ferent rates with the different gases. Thus 
the pressure to which the gas has to be 
compressed is ruled by the temperature 
to which it can be cooled by the cooling 
water, and this rises or falls with the tem- 
perature of the cooling water available. 
Hence, it will be seen, whichever way the 
matter is looked at, whether by way of 


temperatures and_ pressures 


the temperatures and the work done in 
the the 
higher temperature or by way of the pres- 


lifting the heat from lower to 
sures, that the work required to be put 
into the compressor piston increases when 
the temperature of the condensing water 
is higher, and it also increases when the 
object to be 
cooled is held, is low. It will easily be 
understood that more work must be done 
in compressing ammonia gas, say from 25 
pounds absolute to 198 pounds absolute, 
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than from 65 pounds absolute to 154 
pounds absolute, and it is also easily 
understood that more work must be done 
in lifting the heat from, say, —5 degrees 
Fahrenheit to -++95 degrees Fahrenheit 
than is lifting it from + 25 degrees Fah- 
renheit to + 80 degrees Fahrenheit. 

As regards the absorption system, the 
same work has to be done by the steam, 
or whatever agent is employed, to raise 
the temperature of the liquid ammonia in 
the generator, as is done by the mechani- 
cal power delivered to the piston of the 
compressor, only the losses are different. 





Corliss versus Straight Line Air 
Compressors 





By L. L. WILitarp 


A great many times the selection of 
machinery is intrusted to parties who, 
while accustomed to purchasing usually to 
the best advantage, have not the time to 
get thoroughly posted as to the best types 
to meet the requirements. It is frequently 
the case that such persons are obliged to 
rely upon what is told them by salesmen, 
who sometimes in a spirited competition 
make statements thoughtlessly which later 
are not always possible to fulfil. Several 
such instances having come to the writer’s 
notice in reference to purchasing machin- 
ery for ‘compressed-air plants, a few re- 
marks in line with the above may not be 
untimely. 

The price at which an air compressor 
can be bought will vary largely, but there 
is only one price at which a well-designed 
and constructed machine can be sold by 
the builder with a reasonable profit. Of 
course, one builder may have a shop bet- 
ter equipped than another, and _ conse- 
quently is able to build more cheaply. In 
such case, others must meet his price un- 
less their trade is well established, with 
strong connections. With few exceptions 
the purchaser will get the grade of ma- 
chine he is paying for. To make a fair 
comparison, machines built on the same 
basis or of equivalent make must be 
selected. Keeping this in mind, the rela- 
tive cost of two or more types depends 
upon their speeds and efficiencies. Short- 
ening the stroke, increasing the speed and 
simplifying the valve-gear reduces the ma- 
terial, labor and efficiency of the Corliss 
machine, resulting in other types which 
can be bought at a lower figure. 

Considering two plants, one for 4000 
cubic feet of free air per minute and the 
other for 50 cubic feet of free air per 
minute, there should be but little doubt as 
to what type of compressor to select: A 
slow-speed Corliss-driven machine in the 
first case, and a straight-line self-con- 
tained, or similar type, for the smaller 
plant. As the capacity of the Corliss ma- 
chine decreases and the straight-line in- 
creases, it becomes less clear as to the 
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proper type to select and there will be 
reached a capacity where only careful con- 
sideration of the conditions will enable 
the purchaser to make a right choice. It 
is at this time that a full knowledge of 
what each can accomplish is necessary. 

As a basis upon which to work, it can 
be assumed that the cost of the buildings 
would be the same in each case. The 
Corliss machine will require greater space, 
but the boilers less space than in the 
straight-line plant, due to the decreased 
steam consumption. A machine of 1200 
cubic feet capacity can also be assumed 
as a size frequently met with. The fol- 
lowing, then, would comprise the necessary 
apparatus with prices that are considered 
reasonable for a fairly good grade of ma- 
chinery, and operating under average con- 
ditions; steam pressure to be 125 pounds; 
air pressure, 100 pounds, and vacuum of 
26 inches: 


COST OF PLANT. 


Compressor, 1200 cu.ft.......... $9300 $4800 
Boiler, stack, settings, etc...... 2000 2400 
RN ahd ete cab oat baile 4 isc is a one 100 125 
Condenser and piping.......... 650 800 
| ee SE AOR ree 1010 1100 
ee Ce ee 600 450 

Total cost of plant............ $13,750 $9675 

Cost per cubic foot of air..... $11.50 $8.06 


COST OF OPERATION. 
Steam required per 100 cu. ft. of 
OS eae 4.25 6 
Total steam required per hr. by 


COMPPORROT, TD... 5 65s oc seeiee 5100 7200 
Total steam required per hr. by 

boiler feed pump, Ilb......... 175 250 
Total steam required per hr. by 

Ree eae 0 600 
Total steam + wee per hr. by 

ee ®  eeeere 5705 8950 


Assume I pound of coal will evaporate 


7 pounds of water. Then: 
Pounds of coal required per 

ER ear 815 1150 
Pounds of coal per year of 

300 days, 10 hr. each...... 2,445,000 3,450,000 
‘TOMS Gf O00 ID... ..... .. 6:600 1222.5 1725 
Fuel cost, coal at $3.50 per 

RRA a re een $4300 $6050 

FIXED CHARGES. 
en SERS aT ee EE $13,750 $9675 
Depreciation at..... 6 percent. 
Interest at......... he = 
Maintenance at..... 1“ fs 
Taxes andinsurance. 2 “ 42 
14 percent. $1925 $1350 

Total DOWEr GOGE . 56. oes ee 6225 $7400 


Yearly saving due to Corliss machine.....$1175 


Extra investment required for Corliss 
2 EEG RTE RR pela $4075 
Per cent. earned on extra investment.... $34.6 


In making this comparison, boilers of 
125 horse-power have been figured upon 
for the Corliss machine and 150 horse- 
power for the straight-line. The straight- 
line compressor would require a larger 
condenser, as 6 pounds of steam instead of 
4% pounds are required for each 100 
cubic feet of air compressed. Also, a 
somewhat larger feed-pump would be re- 
quired for the boiler. The foundation for 
the Corliss machine would cost more than 
the straight-line as a greater depth is re- 
quired as well as more length and 
breadth. 

In buying the Corliss compressor it will 
be seen that a saving of $1175 per year 
can be made, which would easn 34.6 per 
cent. on an increased investment. With- 


out doubt there will be criticisms of the 
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estimate, but if such is the case, it is only 
necessary to substitute different values. In 
different locations the cost of the plant 
may vary by as much as 25 per cent., due 
to inaccessibility, scarcity of labor and 
other local causes. The cost of the build- 
ings should be included in the estimate, 
as well as operating charges such as labor 
and necessary supplies. These items have 
been omitted purposely and should be de- 
termined entirely by local conditions. 

A comparison may be accurately made 
by getting from each of the builders sup- 
plying material statements as to what 
their machinery will do and the cost of 
installing to meet each special case. 





Gasification of Low Grade Fuels* 





By L. G. Finpitay 


One of the most interesting problems 
of the future, from both industrial and 
domestic viewpoints, deals with either the 
replenishment of our fuel supply, or its 
conservation, and inasmuch as the former 
is practically impossible, owing to the time 
necessary to convert present plants, trees, 
etc., into peat, lignite, coal or other fuel, 
it is the intent of this paper to deal with 
the latter and more interesting subject, 
the utilization of low-grade fuels, accord- 
ing to modern practice and with economy. 
It is a well-established fact, although not 
universally known,.that over one billion 
tons of coal is used every year, of which 
not more than 5 per cent. is utilized in the 
form of light, heat or power—the re- 
mainder being returned to the atmos- 


. phere, there to exert an influence on tem- 


perature conditions which is hard to 
estimate. 

It is also a fact that there are many 
beds of fuels which are difficult to use in 
boiler furnaces; in fact, with some it is 
an impossibility; yet a number of these 
fuels are being successfully gasified in 
various gas producers with varying suc- 
cess. 

Despite numerous attempts to adapt the 
suction producer to the use of such fuels 
as lignite, blast-furnace coke, wood, peat 
and bituminous coal, the fact remains that 
at present the pressure type is almost 
universally used, even though it occupies 
more space, because it possesses far 
greater elasticity in meeting variations in 
quality of: fuel and in ability to utilize 
these cheaper grades of fuels. Under the 
head of pressure producers, should be 
classed the so-called suction-pressure type, 
in which the generator is under suction 
and the balance of the plant under pres- 
sure. 

The ideal method of treating hydro- 
carbons is undoubtedly by converting them 
into fixed gases by passing them through 





*Abstract of paper read at the seventeenth 
meeting of the Ohio Society of Mechanical, 
Electrical and Steam Engineers, May 22-23, 
1908. 
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an incandescent zone; but in actual prac- 
tice, the producer operating on the re- 
entrant principle, as it is termed, does not 
show any greater efficiency than the ordi- 
nary pressure producer which extracts the 
tar by means of centrifugal washers. 

The problem of gasifying these low- 
grade fuels by the re-entrant method has 
produced a number of theories of design 
which are rather interesting. Some pro- 
ducers are built with two incandescent 
zones in one shell, one operating on the 
down-draft principle and the other on the 
up-draft principle. This design has been 
worked out by several well-known pro- 
ducer builders, but so far it has proved 
too delicate for the ordinary producer 
attendant to manipulate, although there 
was no difficulty in getting cool, clean gas. 

Another design is where two shells are 
used and all the hydrocarbons and gas 
made in the first, for instance, are passed 
through the second. This is simply the 
practice just mentioned, carried out in 
another design which is not as delicate, 
but is more costly. In nearly all pro- 
ducers of this type, the hydrocarbons are 
drawn from the first zone by means of 
induction blowers which carry them to the 
point of introduction into or near the 
second zone where they meet a fresh sup- 
ply of air and are burned. 

Nearly all of the large installations of 
bituminous and lignite producers are of 
the pressure type with centrifugal tar ex- 
tractors, and I hear that a number of 
those originally built on the re-entrant 
principle are now having these centrifugal 
washers attached to them, owing to the 
fact that it is extremely hard to maintain 
an absolutely clean gas, so essential for 
gas engines, under the varying load con- 
ditions of the average power plant. 

The reasons for the delicacy of opera- 
tion in the re-entrant type of producer are 
the temperature of the incandescent re- 
ducing zone, the duration of contact and 
the intimacy between the volatile gases 
and the incandescent material, all of which 
are in turn affected by the speed of gasi- 
fication, the characteristics of the fuel and 
the operating conditions. 

Probably the only producer of this type 
which has met with complete success is 
that designed by Jahns, a German engi- 
neer. A plant of this type has been oper- 
ating for six years at a German mine us- 
ing mine refuse which contains only 20 
per cent. of coal. 

Probably the greatest agent for the gasi- 
fication of lignite, peat, mine culm and 
bituminous is the by-product oven from 
which the by-products such as sulphate of 
ammonia, etc., are simultaneously recov- 
ered. The oldest of these was designed 
by Dr. Mond and built in Northwich, 
England. 

In Staffordshire, England, a company is 
supplying Mond gas to a number of towns 
over an area which will ultimately com- 
prise 123 square miles. This gas is being 
used by the iron, steel, glass, fire-brick 
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and other industries. Such plants indi- 
cate the future progress of the gas-pro- 
ducer industry in this country, as, besides 
obtaining a supply of cheap gas for both 
industrial and ‘power purposes, a number 
of other advantages are secured, such as 
the elimination of the smoke nuisance, 
which is more to be desired than its 
abatement, and the dirt and cost of sup- 
plying coal and removing ashes from a 
number of independent steam plants as is 
the case today. In fact, I believe the time 
is not far distant and will probably be 
coincident with the failure of natural gas, 
when producer gas be supplied 
through mains to an even greater area 
than is now supplied by natural gas. 

Besides the anthracite coals of pea and 
No. 1 buckwheat sizes, which nearly every- 
body knows are gasified, all of the cheaper 
grades, such as No. 3 buckwheat, bitumi- 
nous, slack, coke breeze, lignite, peat and 
hard woods can be gasified by some type 
of producer. 


will 





Cutting Lubricator Glasses 
By Georce P. PEARCE 


Many lubricator glasses were broken 
every year in a certain manufacturing 
plant, and the cost of buying these ready 
cut amounted to quite an item. To save 
this, it was decided to buy 2-inch diameter 
glass tubing and cut off the lengths as 
wanted. The glass tubing was purchased, 
but cutting in short lengths proved to be 
a problem. There were plenty of infal- 
lible methods suggested, but they all 
failed to give satisfactory results when it 
came to the test; scratching the outside 
with a diamond and rapping the inside, 
occasionally gave a good cut, as did dip- 
ping the tube to the required length in oil 
and then suddenly thrusting in a red-hot 
piece of iron; but the writer eventually 
devised the method shown in the sketch, 
which gave excellent results. 

The length of glass tube A was sup- 
ported on the bent wires F F. A piece of 
broomstick C was thrust in one end to 
catch the piece as it was cut off, then a 





100; 





through a suitable resistance, the switch 
thrown, and in a few the 
was white hot; the was 
opened and a cup of water thrown on the 
glass, when the piece would crack off with 


wire 
then 


seconds 


switch 


quite a snap, as accurately as could be 
wished. The writer, without any effort, 
cut off half a dozen glasses in three min- 


utes by this method. 





Peculiar Break in Boiler Fitting 


By G. L. FALes 

The accompanying photograph is a fit- 
ting that failed on one of our Aultman & 
Taylor water-tube boilers. The boiler 
has three drums and is rated at 550 horse- 
power. A cross on the center drum con- 
nects to a fitting on each outside drum 
similar to the one shown in the photo- 

















THE 


BROKEN FITTING 


graph. The outside drums have pop 
valves mounted on these fittings, while 
the top outlet of the cross on the center 
drum leads to the auxiliary header through 
a long-sweep branch pipe. 

As a small crack on the under side the 
fracture first started and in the course of 
a half-hour had run clear around and let 
go with 160 pounds pressure on. No dam- 
age was done and all parts stayed in their 
respective positions, the crack hardly 
opening more than 1/16 inch. 

On removal of the broken piece, a small 
place was observed on the bottom where 
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CUTTING GLASS TUBE WITH ELECTRI( 


piece of iron wire was made in the shape 
shown in the enlarged sketch and sprung 
on the glass at the distance it was re- 
quired to cut off. The ends of this iron 
were connected to the electric-light mains 


CURRENT 


the fracture started that looked as if it 
were a sand-hole; the rest of the iron 
showed good and clean. The fitting was 
under no strain apparently and was suffh- 
ciently heavy for the pressure. 
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What Does an Employer Require 
of an Engineer ? 


Many employers are not backward in 
requesting their engineers to do odd jobs 
about the plant, such as lacing belts, re- 
pairing machinery, attending to shafting 
and kindred other employments, often 
causing discontent which may or may not 
be justified, depending upon the agreement 
which may have been entered into. Gen- 
erally speaking, a busy man is more con- 
tented than the man who has time to get 
so lazy that he finds it an exertion to at- 
tend to the duties which he ought to at- 
tend to. A point often lost sight of is that 
the more work a man does, the better 
workman he becomes; it matters not what 
the calling. 

A small manufacturer has a steam plant 
of fifty-horse-power capacity. One boiler, 
an engine and a feed-pump comprise the 
plant, and the coal consumption would be 
less than one ton a day. Under such cir- 
cumstances a fireman would not be re- 
quired; consequently, the engineer, who 
receives, say, fourteen dollars a week, 
is expected to attend to the _ boiler 
as well as the engine. The duties 
necessary to keep such a plant in opera- 
tion would keep the engineer busy only 
a small portion of the day, not more 
than three hours at the most, and in such 
a case the engineer should not complain 
if some extra work were required of him. 
If the manufacturer's business were of 
sufficient magnitude to warrant engaging 
a machinist to attend to outside work, the 
conditions would be vastly different. One 
cannot expect to find the same conditions 
existing in all plants. Where the manage- 
ment of one may be hampered by lack of 
means to conduct the business, another 
may have every facility for so doing. 

We do not countenance an engineer 
leaving a boiler or engine to take care of 
itself while in operation. If the plant is 
such that the engineer has duties in the 


factory, arrangements should be made for 
having some trustworthy man to take 
charge during his absence. There is 


scarcely a manufacturing plant of any de- 
scription where there is not some work- 
man, who at one time or another has oper- 
ated steam plant of some description, 
and who knows about as much regarding 
steam-plant operation as many engineers. 

In the small plants, little if any attention 
is given to the cost of operation. The coal 
is ordered and paid for as it is wanted; 
likewise the other supplies. 
draws his wages 


The engineer 
Saturday night, and that 
constitutes the entire financial operation of 
the plant. In the larger plants, such loose 
methods would not be tolerated. A strict 
account is required of all supplies and fuel 
used. Everything is accounted for, and 
the engineer is required to know the why 
and wherefore of changes to be”instituted, 
and the savings to be gained. The better 
informed the emplover may be regarding 
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the more sane 
will be his requirements affecting the engi- 
neer. This will also apply to the engineer, 
for if he demonstrates that he knows his 
business, and is willing to attend to it, the 
less likely will his employer be inclined to 
dictate what he shall or shall not do. Very 
few employers demand anything out of 
reason. 


steam-engineering practice, 





As to Cribbing 


That there is “nothing under the 
sun” is frequently illustrated by the con- 
tributions to Power AND THE ENGINEER, 
which as closely copy some existing litera- 
ture on the subject of engineering and 
engineering ethics as certain of President 
Roosevelt’s speeches said to para- 
phrase Thucidides. Simultaneous inven- 
tions and poems have been produced by 
contemporaneous authors and inventors 
unknown to each other, but these instances 
rarer than those where an invention 
or a thesis seems to have been copied 


new 


are 


are 


from one of an earlier date. Some 
contributors appear to be singularly 


gifted in thinking into a single article the 
same thought that a number of earlier 
writers, at different times and in different 
countries, have spread through several 
chapters, and often this thought is so iden- 
tical with those that have preceded that 
the very words of one writer will fit with 
those of another. Nearly every book that 
has been written has been read by some- 
one, and the man who deliberately takes 
paragraph and sentence from a_ book 
which has some really stuff in it 
may be sure that he is not the only appre- 
reader that author has, and that 
if his mosaic has any value, it will be due 
to the inlay and not to the second-hand 
bed of words holding it together. It goes 
without saying that no one of the editors 
of Power AND THE ENGINEER has read all 
that has been written about engines, power 
plants, engineers’ associations, engine- and 
boiler-room practice, etc., but they are as 
a whole a fairly well read lot of men who 
appreciate good stuff, and anything cribbed 
from early writers by contributors is liable 
to be some one of them, 
after it is published, if not before. 

The man who cribs does not rise to the 
dignity of a plagiarist. He is simply 
guilty of petty theft because he lacks the 
courage to commit grand lar- 
and the mental caliber to understand 
that others will see through the hollow- 
ness of his pretensions to originality. 

The man who does these things is not 
amenable to the law. He is a mild sort 
of a fraud who is tolerated because in fol- 
lowing the lines of least resistance, as 
most do, it is easier to be buncoed once 
in a while than to build and maintain the 
additional jails and asylums that would be 
needed if all these offenders were to be 
deprived of liberty. 


good 


ciative 


recognized by 


necessary 
ceny 
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A Chief Needed in the Boiler 
Room 


Proper supervision of the boiler room in 
any steam plant is absolutely necessary, or 
else there will soon prevail conditions det- 
rimental to the economical operation of 
the plant. In some large boiler rooms the 
care of the boiler, method of firing and 
all other matters pertaining to this section 
of the steam plant are under the direction 
of a chief fireman. This condition, how- 
ever, does not prevail in many so-called 
up-to-date boiler rooms, where the chief 
engineer assumes the burden of looking 
after all detail work, instead of assembling 
assistants who can be depended on to at- 
tend to the routine work themselves. 

In large power plants it is essential for 
each department to be under the direct 
supervision of someone in authority. In 
many instances where this requirement 
has not been met 
tion has resulted. 

In a fire-room where firemen 
work hour after hour without supervision 
by a chief, with the exception of an oc- 
casional visit from the chief engineer, the 
shirk has plenty of opportunity to indulge 
in his favorite occupation. Naturally, the 
other men resent doing his work, with the 
consequence of discord. Not only this, 
but a battery of boilers cannot be operated 
economically either with an overload or 
an underload, which very 
likely to exist where one fireman does 
not make his boilers do their quota of 
work. With a chief fireman these 
ditions disappear and harmony prevails; 
if not, the discordant member should be 
discharged. 


unsatisfactory opera- 


several 


condition is 


con- 


There are so many sources of loss in 
the boiler room that it is imperative that 
the responsibility of preventing them be 
placed upon some one man. Keeping a 
boiler clean is disagreeable work at best. 
Few firemen will clean a boiler as often 
as safety and economy demand, if left to 
their own inclination. To many, the clean- 
ing of tubes and blowing down of boilers 
are useless tasks, or duties which require 
only occasional attention. A constant wa- 
ter level does not appeal to them as be- 
ing an important item in steam-plant 
operation; consequently, it is permitted to 
hover anywhere between the low- and 
high-water alarms, blowing first one and 
then the other. Many fireman never think 
of replenishing the furnace with new fuel 
until the steam pressure begins to drop. 
The ashes are allowed to accumulate in 
the ash-pit, showing little regard for the 
effect upon the grate. The appearance of 
the ash pile usually whether 
careful operation prevailed in the 
boiler room. Many ash piles contain a 
large amount of partly consumed coal, and 


indicates 
has 


even coal which has found its way to the 
ash-pit through carelessness. Neglect in 
attending to these details means money 
uselessly spent, and money uselessly spent 
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means poor management. With the proper 
marshalling of forces under an efficient 
chief, these’ faults can be minimized and a 
more healthful condition brought about. 





Mr. Rushmore’s Gas Engine 
Troubles 


On page 415 of Power for March 17 we 
published a letter from S. W. Rush- 
more containing some criticisms of a cer- 
tain gas engine to which the builders of 
that engine have objected. 
tions are, briefly, as follows: 

1. The piston head, with its projecting 
compression lug, was not 


The objec- 


into 
the barrel as shown by Rushmore’s draw- 
ing; nor was it a makeshift, “doctored” 
especially for Rushmore’s engine. 

2. As the engine was operated on a 
producer which “just 
sustaining a load of 50 horse-power,” it 


screwed 


was capable of 
could not be expected to run satisfactorily 
at full load (75 horse-power). 

3. Rushmore’s complaint about piston 
heating was not answered with the state- 
ment that “all gas-engine pistons got red 
hot under full load.” 

4. The that 
pected a gas engine to carry an average 


statement “nobody ex- 
load of more than 60 per cent. of its rated 
capacity” was not made by the builders 
of the engine under discussion. 

As soon as practicable after receiving 
the complaint from the engine builders, 
we inspected all of the correspondence 
between them Mr. and 
investigated the piston construction and 
producer conditions with respect to the 
specific objections cited, in which inves- 
tigation we had the hearty codperation of 
both the engine builders and Mr. Rush- 
more. The results are as follows: 

1. The piston-head was not screwed in 
nor made especially for the Rushmore en- 
It is the builders’ regular practice 
to use, for producer gas, the type of pis- 


and Rushmore 


gine. 


ton sent to Mr. Rushmore. 

2. While the producer would not carry 
more than 50 horse-power without being 
cleaned out at prohibitively frequent in- 
tervals, it would readily supply 85 horse- 
power by dint of the frequent cleaning. 
The engine would easily develop 75 horse- 
power, but when run at that load for sev- 
eral hours the piston-head became over- 
heated and the engine back-fired and pre- 
ignited badly. 

3. What the wrote 
Mr. Rushmore was the following: “Your 
observation that the head of the piston be- 
comes red hot jn running is not new, for 


builders actually 


all large gas engines, either with high or 
low warm enough 


te make the piston have a perceptible glow 


compression, become 


at night.” 
4. We were unable to find any letter 
containing the statement criticized. 


1000 





The Gas Engine in the Steam 
Plant 


Engineers of steam-driven central sta 
the 
of the gas engine as 
handling the peak 


load; one large station has in use for that 


tions are beginning to wake 


_ 


up to 
peculiar advantages 
a prime mover fo1 
purpose a four-thousand-horse-power gas 
illuminating 
The beauty of the proposition lies 


engine running on ordinary 


gas. 


in its applicability to stations of any size, 


small or large, by reason of the high 
efficiency of small gas engines and the 
readiness with which even the largest 
sizes may be put into action when a 


The 


of the gas engine at 


reliable supply of gas is available. 
superior efficiency 
partial loads is also an important factor 
and one which makes it practical to oper 
ate the steam units of a station right up 
to full load, not the peak 
period, but during the approach to it and 


only during 


the decline after it. The gas engine can 
carry the surplus load, even though it 
may drop to a relatively small fraction of 
its fuel 
pense that would be considered excessive 


rating, without entailing a ex 
from a steam standpoint. 

Another attractive possibility for gas or 
oil engines in steam stations is the carry 
ing of the load during periods when it 
even a 


is so small that carrying it on 


single steam unit would be wasteful. For 
example, there are hundreds of plants in 
which the units are of from two hundred 
to five hundred horse-power capacity each 
ands which have periods of several hours 
per day when the load is less than one 
half the capacity of any one unit. In 
such stations it would usually pay to in 
stall a gas- or oil-engine unit to handle 
the light-load period, thereby increasing 
the operating economy of that period and 
also permitting the shutting down of thx 
entire steam plant once a day for inspec 
tion and repairs. 





Self Glazing Fire Proof Clay 


According to a recent patent specifica 
tion, a self-glazing fire-proof clay is com 
posed of a mixture of dried and pow 
dered common clay, finely ground sand, 
and rock salt, in or about the proportions 
of 66 pounds of clay, 46 pounds of sand, 
and g ounces of rock 
Water is added to the mixture in order 
that it may be molded into crucibles or 


powdered salt. 


retorts, or used as a lining for furnaces 





Considerable interest continues to be 
evinced in the cultivation of rubber-pro 
ducing trees throughout the Dutch East 
Indies, and the suitability of the climate 
and soil, coupled with undoubted labor 
Java over 
most other tropical countries, has resulted 
in a steadily increasing trend of European 


capital toward rubber enterprises in that 


advantages which 


possesses 


country. 
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Power Plant Machinery and Appliances 
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MUST BE NEW OR 


The Austin Rotary Steam Engine 





A new rotary steam engine has been 
designed and is being manufactured by the 
Austin Rotary Engine Company, Second 
avenue and Eighth street, Brooklyn, N. 
Y. Fig. 1 shows an external view of one 
type of this engine, which combines a 
high-, an intermediate- and a low-pressure 
cylinder, each composed of one whole sec- 


are connected through the hub and shaft 
which pass through the bushing shown at 
G, Fig. 2. The ends of these bars are in- 
serted in sockets in the inner side of the 
opposing pistons. On the end of each pis- 
ton an oscillating face-plate is hinged, 
shaped like the frustum of a wedge in 
cross-sections, having a _ face-bearing 
against the wall of the cylinder curved 
by means of two or more connecting-bars 


INTERESTING 


of the cylinder a tight fit would seem to be 
obtained, regardless of wear, which is 
said to be very slight. 

Fig. 3 shows the head of the half-sec- 
tion of the low-pressure cylinder removed, 
and also the position of the piston-heads 
and piston, which are likewise shown in 
Fig. 2 in the sectional view through the 
whole or primary section of the low-pres- 
sure cylinder, which is designed exactly 








tion and two half-sections, so arranged 
that the two half-sections are located on 
each side of the whole section, as shown 
at A and C, the whole section being shown 
at B. The object of this arrangement is 
to obtain an equal balance of pressure in 
the cylinder, both diametricallly and longi- 
tudinally. 

The special feature of the Austin engine 
is in the construction of the pistons, which 








FIG. I. THE AUSTIN ROTARY STEAM ENGINE 


convexly to about the same radius as the 
arc of the cylinder. This face-plate is con- 
nected to the end of the piston by means 
of a rolling joint, as shown at J, Fig. 2. 
As the hub rotates, the angular position 
of the piston to the walls of the cylinder 
constantly changes, because the piston is 
eccentric to the cylinder. Owing to the 
oscillation of the face-plates H, and their 
curved faces, which bear against the wall 


» 


=); 
& ~ z 


— } 
> i | 


‘ ‘So 
s 





the same as the high and intermediate 
cylinders. The width of the half or sec- 
ondary cylinder A, Fig. 2, is one-half that 
of the primary cylinder B, A and one- 
half of B being shown in section. It will 
be seen that the piston C of section A is 
in a directly opposite direction to the half 
of the piston D shown in the whole cylin- 
der B. The position of the piston in the 
half-section E is the same as C in A. 
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The heads of the cylinders are each 
provided with a segmental groove or 
channel, as shown in Fig. 3 and at J and 
K, Fig. 2. The end of the piston hub 
covers these grooves, except at their ex- 
treme ends, which open into the steam 
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in a reverse direction, the steam acts from 
the opposite side of the cylinder. By this 
method the piston face-plates H are forced 
out against the cylinder walls by steam 
pressure alone, no dependence being placed 
upon springs, etc. 
































FIG. 2. 


space on opposite sides of the cylinder. 
These slots are for the purpose of per- 
mitting steam to enter through the port 
C, down through J to K, and thence be 
hind the piston L, which forces it out 
toward the wall of the cylinder, the pis- 

















FIG. 3. HEAD REMOVED FROM HALF-SECTION 


ton taking the position shown at M and 
N, the space O and P being filled with 
steam. 
steam ports R and S are reached, when it 
is exhausted. If the engine is revolving 


This steam escapes as soon as the 





SECTIONAL VIEWS THROUGH THE CYLINDER, 





IOL! 


than the steam chest. The steam passes 
to the steam space B, where it enters the 
ports C, D and E in succession. If the 
engine is to revolve toward the left, the 
valve is thrown into an opposite position 
from that it occupies when the engine is 
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SHOWING STEAM PORTS, PISTON AND FACE-PLATES 
The steam for the power stroke begins revolving to the right, and the steam 


to act upon the piston through the port D, 
but the main source of power is through 
the port E, the piston H just beginning 
to open the exhaust port 7 as the piston 
U’ uncovers the port E, the exhaust steam 
escaping into the exhaust-steam chamber 
F, While this action is taking place in the 
whole, or primary section of the engine, 
the same utilization of steam is taking 
place in the two half-sections, the steam 
from the passage F passing to one half 
section through the port /’, Fig. 4, and to 
the other half-section through the port G, 
Fig. 5. 


FIG. 4 


The operation of the engine is as fol- 
lows: The steam is controlled by means 
of the piston-valve, shown in Fig. 2, which 
consists of two heads connected by a hol- 
low cylindrical stem of smaller diameter 





Y and 7, the 
steam ports in one case becoming the ex- 


passes to the steam port I, 


haust ports, and vice versa. Thus, the en- 
the 
valve, by simply throwing the lever shown 


gine is reversible by means of one 


in Fig. 1 either in or out. To stop the 
engine, the piston-valve is moved to the 
central position. 

With the engine running to the right, 
the steam enters the space B, and, pass 
ing into the grooves J and K, forces the 
piston M out from the center of the hub 
X; at the same time steam is entering the 
port D, but exerts practically no power 





on the piston M, as the pressure on both 
sides is about equal; but the steam enter- 
ing the port E 
the entire area of the piston N, 
pressure causes this piston to move in the 


is practically opposed by 
and the 


IOI2 


direction of the arrow. When the piston 
L reaches the port C, M passes the port E, 
the steam entering through the port D 
acts upon the piston M, and when it has 
passed the port £, the piston L reaches the 
port D and the rotation of the hub X is 
produced by the pressure of the steam on 
the piston M. During this period the pis- 
ton N is moving up the exhaust side of 
the cylinder, and when it passes the ex- 
haust port 7, the steam escapes to the 
passage F’, and to the exhaust port. 

Steam is admitted to the two _half- 
sections through the steam space B, Fig. 
2, and, dividing, part of the steam goes 
to the right and part to the left through 





POWER AND THE ENGINEER. 


sure of the two half-pistons on the other 
side. If the engine is reversed, the action 
of the steam is the same, only in a reverse 
direction. 

The shaft is packed as follows: In 
each head, annular grooves are provided 
concentric to the shaft, in which packing 
is placed, consisting of, first, a spiral 
spring against which a wrought-iron ring 
rests, and next a soft-rubber packing, on 
top of which is placed a cast-iron ring, 
as shown in the second figure, Fig. 2. 
The soft packing expands against the 
side of the annular groove, packing the 
groove and so preventing leakage of 
steam. 
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APPLICATION OF AUTOMATIC SMOKE PREVENTER 


the ports F and G, Fig. 2, and F F, Figs. 
4 and 5. It then enters the steam space 
U of the secondary cylinder, Fig. 4, where 
it passes to the piston of that half cylin- 
der through the port ’. The steam then 
exhausts through the passage IV’, Fig. 5, 
and out through the passage G, through 
the exhaust ports of the primary cylinder, 
Fig. 2. Next, the steam passes to the 
next group of cylinders, comprising the 
next engine, where the operation is re- 
peated. By this method of steam distri- 
bution the pressure on the piston on one 
side of the hub is balanced by the pres- 


The three engines are connected by 
means of shafts which fit into each other, 
and which are securely held together by 
means of a key wedge. If by chance any- 
thing should happen to one of the cylin- 
ders, it can be disconnected and the steam 
by-passed so that either one, two or three 
cylinders can be worked at one time, or 
only one at atime. If necessary, the high 
and intermediate cylinders may be cut out 
and the engine run on the low-pressure 
cylinder. The engine is designed on lines 
pleasing to the eye and runs very smoothly 
and practically noiselessly. 
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Automatic Smoke Preventer 


The application of this device is shown 
in the accompanying illustration. In ap- 
plying it to boilers already set it is only 
necessary to remove a small portion of 
the fire-brick lining above the grate on 
ach side and a portion of the fire-brick 
extending to a point below the grate. 
These are replaced with special fire-brick, 
behind which is run a %- or 34-inch steam 
line, with several T-jets having 3/64-inch 
holes; these jets are placed so as to point 
directly to an air outlet over the fire. The 
bricks are so constructed that air is taken 
from a point just below the grate and, 
being conveyed through a passage, is dis- 
tributed to various points above the fire, 
a T-jet being used to accelerate this move- 
ment of air at certain intervals. The 
period during which the jet is in operation 
is controlled automatically. 

The opening of the doors for the pur- 
pose of firing puts in operation, through 
the medium of a three-way valve and a 
water cylinder, a steam connection be- 
tween the boiler and the jet in the fire- 
brick by the opening of a graduated steam 
valve. As long as the door remains open, 
the water pressure remains at its maxi- 
mum in the cylinder and the steam-valve 
connections to the jets remain wide open. 
When the firing is completed, and the 
doors closed, the three-way valve resumes 
its other position, shutting off the water 
supply from the cylinder, and opening 
at the same time a connection with the 
drain pipe, which allows the water to 
diminish in the cylinder. This permits the 
piston to drop toward its normal position 
and the steam valve governing the supply 
of steam to the jet is thereby automatically 
closed. The action of the drain valve is 
such that the water is gradually drained 
out of the cylinder and the valve slowly 
closes until the fresh coal is thoroughly 
coked, after which there is no gas aris- 
ing, no extra flow of air is necessary, and 
the valve is closed, shutting off a further 
steam supply from the jet until the door 
is again opened to work at the fire. 

By this operation, when the greatest 
amount of gas is arising from the freshly 
fired fuel, the greatest induction of air fs 
provided above the fire, and also as the 
gas diminishes the induction of air over 
the fire is proportionately diminished by 
the gradual closing of the steam valve 
until further use of an induced draft is 
unnecessary. The Empire Steel and 
Equipment Company, New York City, 
handles this device. 





The College of Engineering of the Uni- 
versity of Illinois, Urbana, IIl., has issued 
a very handsome 36-page booklet, 534x75 
inches, illustrating the work and equip- 
ment of the various departments. The 
half-tones are tinted, the subjects diversi- 
fied, and there is the necessary descriptive 
matter accompanying each. 
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Inquiries 


Questions are not answered unless they are 
of general interest and are accompanied by 
the name and address of the inquirer. 








Discharge of Water from Pipe 

Please give me a formula to figure how 
much water a given-size pipe will dis- 
charge per minute under a given pres- 
sure; also, how to get the velocity of the 
water in the pipe. 

x. 
For a pipe running full, 


diameter 


Velocity = ¢ X slope, 


where the velocity is in feet per second, 
the slope is the vertical head (or pres- 
sure expressed as head in feet) divided by 
length of the pipe in feet, c is a constant 
varying with the character and diameter 
of the pipe, and the slope from 69.5 for 
6-inch rough pipe to 171.6 for a 20-inch 
smooth pipe. Tables of the value of c and 
various other formulas for the velocity 
and discharge will be found in the en- 
gineers’ standard reference books. The 
amount discharged in cubic feet per sec- 
ond can be found by multiplying the 
velocity determined above by the area of 
the pipe in square feet. 


Rule for Finding Area of a Segment of a 
Circle 

Can you give me a simple rule for find- 

ing the area of a segment of a circle? 
W. H. B. 

You will find an approximate method 
to find the area of a segment of a circle 
on page 283 of the February 25 number 
of Power. Another rule recommended 
by the Board of Boiler Rules of Massa- 
chusetts is: Divide the diameter of the 
boiler minus six inches by the distance 
from the tubes to the shell minus five 
inches. From the quotient subtract 0.608 
and extract the square root of the re- 
mainder. 

Subtract five inches from the distance 
between the tubes and the shell, square 
the remainder, multiply the square by 
four, divide the product by three and 
multiply the quotient by the result ob- 
tained. The final result should be the 
area of the segment in square inches ap- 
proximately. This is expressed as a 
formula as follows: 


ptf 122 .., 
A= 3 J H 0.60, 


A= Area of segment to be braced, in 
square inches, 

H = Distance from tubes to shell minus 
five inches, 

R= Radius of 


inches. 





boiler minus three 


Boiler Rating 


How many engine horse-power can be 
developed from a steam boiler rated at 
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225 horse-power? In other words, will 
the boiler supply more than 225 engine 
horse-power, and if so, how much more 
with safety? Assume that the boiler is 
generating steam using feed-water at a 
temperature of 190 to 200 degrees, and 
that the safety valve pops at 125 pounds 
pressure. 

Will a 6-inch steam main supply steam 
fast enough for four horizontal slide-valve 
engines of the rated capacities of 75, 50, 
125 and 150 horse-power? 

J, 5°%. 

A boiler rates a horse-power for each 
34% pounds of water which it will 
evaporate per hour from and at 212 de- 
grees. It takes 965.7 heat units to evapor- 
ate a pound of water from and at 212, so 
that the equivalent evaporation from other 
temperatures and at other pressures is 


H—h 
965.7 


H being the heat in a pound of the steam, 
and ht the heat in a pound of the feed- 
water. A pound of water at 195 degrees 
has 163.7 heat units above 32; a pound of 
steam of 125 pounds gage, 1189.5. One 
pound evaporated under these conditions 
will be equivalent to 


1189.5 — 163.7 


965.7 = 1.0622 





pounds from and at 212, and your 225- 
horse-power boiler would have to evapor- 
ate 


225 X 34.5 


1.0622 sett a iaa 


pounds of water per hour to make good 
its rating. 

There are engines and engines. If this 
steam is used in a slide-valve engine cut- 
ting off late in the stroke, with a throttle 
governor, it will use from 40 to 60 pounds 
of steam per hour per horse-power. <A 
non-condensing Corliss will use about 30; 
20; compound - condensing, 
anywhere between 16 and 12, or less; so 
the boiler horse-power has no relation to 
the engine horse-power, and as a meas- 
ure only of the steam which it can sup- 
ply, not of the power which that steam is 
capable of generating. 

A 6-inch pipe is not large enough to 
supply 400 horse-power without an ab- 
normal drop of pressure. 


condensing, 


To Calculate Centrifugal Force 


What is the centrifugal force of a 50- 
pound weight, 5 inches from the center, 
revolving at the rate of 500 revolutions 


per minute, or 350 revolutions per 
minute ? 
E. D. S. 
The formula for centrifugal force is: 
F= W V? 
gR 


where 
W = Weight in pounds, 








1013 


V = Velocity in feet per second, 
g = 32.16, 
R= Radius of path in feet. 
Let N = the number of revolutions per 
minute, and this becomes: 
F = 0.000341 IV’ R N* 


For your case: 


NV = 350 and 500 
For the two weights the force would be: 


50 X 5 X 3507 








F = 0.000341 or = 870 26, 
and 

2 
F = 0,000341 __t _ = 1776.041. 


Piping Condenser to Engine 

In the case of an 18 and 36 by 24-inch 
cross-compound vertical engine, with Cor- 
liss valves, running non-condensing at 150 
revolutions per minute, and using steam 
at 150 pounds pressure, the engine being 
rated at 600 horse-power, but is some- 
times carrying 900 horse-power, 
you consider it good practice to attempt 
piping the exhaust into an elevated in- 
jector condenser? This condenser has a 
rotative dry-vacuum pump and a duplex 
piston injection-water pump, the conden 


would 


ser now being used to condense the steam 
from a blowing engine, but having ample 
capacity to condense the steam used by the 
engine mentioned. 
this engine and the condenser is goo feet. 
The piping would have to be put in in the 


The distance between 


form of an L, each leg being about 450 
feet long. 

Assuming that the condenser gave 25 
inches vacuum, the 
of the pipe necessary to convey the ex 
haust steam from the engine when it was 
developing 900 horse-power, and _ taking 


what would be size 


20 pounds steam per horse-power per 
hour? 

If the exhaust pipe from the engine to 
the condenser could not be laid on a uni 
form down-grade toward the condenser 
and there was a pocket formed in the 
pipe where water might collect, would it 
be necessary to get rid of the water at 
this point by means of a trap or pump? 

1, © 

It is entirely practicable to pipe the 
engine through goo fect of pipe to the 
condenser, and you will get good results 
if you have the pipe large enough and 
tight enough, especially the latter. Put 
as easy a sweep as possible into the right 
angle and use a 24-inch pipe. When the 
engine is exhausting at anything like the 
capacity of the pipe it will sweep the 
water along, notwithstanding a consider- 
able gradient, but if it is necessary to 
trap any pockets, you can do that by dis- 
charging the trap with steam instead of 


with air 





Personal 





Prof. Carl C. Thomas, for four years 
professor of marine engineering at Cor- 
nell University, severs that connection at 
the close of this college year to take up 
his work as professor of experimental en- 
gineering at the University of Wisconsin. 

W. J. A. London has been appointed 
chief engineer of the Terry Steam Tur- 
bine Company, Hartford, Conn., succeed- 
ing C. E. Terry, deceased. Mr. London’s 
experience in the turbine industry dates 
from his early connection with the C. A. 
Parsons Company, Newcastle, England. 
About fifteen years later he went with 
the Brown-Boveri Company, Baden, Ger- 
many, and afterward with the British and 
American Westinghouse companies. 





Obituary 


eee 


Francis B. Stevens, a pioneer inventor 
in the field of transportation, died May 23, 
at the age of 93 years. He built some of 
the earliest .steam-propelled vessels and 
also designed and built steeple compound 
He invented the cut-off that re- 
mains the usual valve motion for the 
marine beam engine. He was active in 
Government tests of steam boilers and 
established the value of formulas used for 
His uncle 
established the Stevens Institute of Tech- 
nology. 


engines. 


determining their proportions. 





New Equipment 


The Kingston (Ont.) Milling Company will 
erect a power plant. 

The Ashcraft Cotton Mills, 
will rebuild its power plant. 


Florence, Ala., 
The Key West (Fla.) Electric Company con- 
templates enlarging its plant. 
The city of Clinton, La., 
stalling an electric light plant. 


contemplates in- 


The city of Elgin, Texas, contemplates in- 
stalling a new water-works system. 

The Eagle Dye Works, Hartford, Conn., will 
build a three-story factory building. 

W. H. Harrison, Jr., Biloxi, Miss., has secured 
a franchise for a gas plant in Anderson, 8. C. 

The Weston (W. Va.) Electric Light, Power 
and Water Company will enlarge its plant. 

The Andrew (Fla.) Light and Power 
Company will erect ‘a plant to cost about $12,000. 


St. 


The Oklahoma Gas and Electric Company, 
Guthrie, Okla., is contemplating improvements 
to its system, which will cost about $200,000. 

The citizens of Passaic, N. J., have voted 
in favor of installing a municipal electric light 
plant. 

A new addition will be built at the plant of 
the Magnet Knitting Mills, Clinton, Tenn., which 
will include a dye house. 

It is reported that the plant of the Mayfield 
(Ky.) Water and Light Company, recently 


burned, will be rebuilt. 

The John Wenzel Company, Wheeling, W. Va., 
will build a cold storage room addition to cost 
$25,000, including equipment. 
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The Echota Cotton Mills, Calhoun, Ga., a 
new concern, is building main structure, boiler 
and engine room and warehouse. 


The Argenta (Ark.) Ice, Cold Storage and 
Fuel Company has been incorporated. Capital, 
$50,000. H. L. White, president. 


Plans have been completed by. the Western 
United Gas and Electric Company, Joliet, Ill., 
for the construction of its new plant. 

It is reported that the Geo. A. Hormel Pack- 
ing Company, of Austin, Minn., will erect a cold 
storage plant in Duluth to cost $75,000. 

The Kirkville (Mo.) Light, Power and Ice 
Company has been incorporated. C. V. Miller, 
W. Hamilton and others, incorporators. 


The Memphis (Tex.) Ice and Electric Company 
has been incorporated by J. M. Elliott, J. W. 
Greenwood and others. Capital $25,000. 

W. F. Lyons, Bryant building, Kansas City, 
Mo., will build an ice plant to cost $55,000. 
C. A. Sample, Kansas City, is engineer in charge. 

The city of Columbia; Miss., will award con- 
tract June 30 for construction of water-works 
and sewer system. X. A. Kramer, Magnolia, 
Miss., engineer. 

Bids will be received until July 8 by the 
Public Lighting Commission, Detroit, Mich., 
for installing an electric generating plant in the 
station of the municipal lighting plant. 

It is reported that*the capacity of the muni- 
cipal electric light plant at Fairport, N. Y., will 
be increased by the installation of additional 
machinery. F. E. Pitchard, manager. 

It is reported that the Chicago, Lake Shore 
and South Bend Railway Company will erect 
a $1,000,000 power plant in Michigan City, Ind. 
John W.S. Riegle, South Bend, chief engineer. 

It is said that bids will be received until July 
1 for the construction of a steam power plant 
for the University of Mississippi, University, 
Miss. F. G. Proutt, Memphis, Tenn., engineer. 

The Public Service Commission is reported 
to have authorized the Elmira (N. Y.) 
Water, Light and Railway Company to issue 
$372,000 bonds for the completion and im- 
provement of its plant. 


The City Council of St. Peter, Minn., is 
considering the question of installing a new 
generator and engine and making necessary 
repairs to the power plant. F. H. Silverton 
is superintendent. 


Messrs. Obethier & Meadows, Hereford, 
Texas, have been granted a franchise to con- 
struct an electric-light plant. Equipment 
will include a Corliss engine and 75-kilowatt, 
60-cycle generator. 


The Terre Haute and Northern Traction Com- 
pany, Terre Haute, Ind., has been incorporated 
to construct and operate electric railways and 
power plants. W. 8S. Philips, A. J. Stern and 
F. C. McKeen, directors. 

The Idaho and Nevada Railroad Company 
is reported incorporated to construct a railroad 
from Twin Falls to Wells, Nev. Capital $250,000. 
I. B. Perrine and R. M. McCullum, of Twin Falls, 
are among the incorporators. 


The Ness City (Kan.) Mill and Power Com- 
pany has been chartered to take over the busi- 
ness of the Ness City Milling Company and the 
Ness City Electric Light Company. About 
$15,000 will be spent in improvements. 

The Rome & Osceola Railroad Company 
has been incorporated to build a standard- 
gage railrcad from Rome to Osceola, N. Y., 
to be operated by steam or electric power. 
Capital $5,000,000. J. S. Hazleton, T. H. 
Stryker, F. M. Shelby, of Rome, N. Y., and 


.others are incorporators. 


The Indianapolis, Columbus and Southern 
Traction Company is in the market for metallic 
packing to equip its* power house. The com- 
pany would be pleased to receive catalogs, 
prices and other information from manufac- 
turers of this line of goods. Address A. A. 
Anderson, general manager, Seymour, Ind. 
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New Catalogs 


Olney & Warrin, 66 Centre street, New 
York. Pamphlet. Howard grease. Illustrated. 


Philips Pressed Steel Pulley Works, Philadel- 
phia, Pa. Folder. Pressed-steel pulleys. Il- 
lustrated. 


General Manufacturing Company, Elkhart, Ind. 


Catalog. Gas and gasolene engines. Illus- 
trated, 16 pages, 6x9 inches. 
Bates Machine Company, Joliet, Ill. Catalog. 


Cookson feed-water heaters and _ receivers. 


Illustrated, 64 pages, 6x9 inches. 

General Electric Company, Schenectady, N. Y. 
Bulletin No. 4588. GE-202 railway motor. 
Illustrated, 16 pages, 8x104 inches. 

Keystone Lubricating Company, 
phia, Penn. Pamphlet. Grease vs. 
lustrated, 24 pages, 6x9 inches. 

J. A. and W. Bird and Company, 34-35 India 
street, Boston, Mass. Catalog. Bird’s bull’s- 
eye belting. Illustrated, 5x74 inches. 

Lagonda Manufacturing Company, Spring- 
field, Ohio. Catalog. Turbine boiler tube clean- 
ers. Illustrated, 36 pages, 5x7 inches. 

Adam Cook’s Sons, 313 West street, New York. 
Booklet. Albany grease and Albany grease 
cups. Illustrated, 16 pages, 34x6 inches. 


Philadel- 
Oil. Il- 


American Huhn Metallic Packing Company, 
1876 Broadway, New York. Catalog. Pack- 
ings. Illustrated, 16 pages, 34x6 inches. 

Julian D’Este Company, 24 Canal street, Bos- 
ton, Mass. Catalog. Curtis engineering spec- 
ialties. Illustrated, 32 pages, 34x6 inches. 

Marion Incline Filter and Heater Company, 
Marion, Ohio. Folder. Packard horizontal oil 
separators. Illustrated, 4 pages, 6x9 inches. 

The Cutler-Hammer Manufacturing Company, 
Milwaukee, Wis. Catalog. Wirt type dynamo 
brushes. Illustrated, 16 pages, 34x6 inches. 

The John Davis Company, Chicago, III. 
Catalog S. Valves, steam traps, regulators, 
ete. Illustrated, 40 pages, 544x9 inches. 

3ruce-Meriam-Abbott 


Ohio. Catalog A, 
engines. 


Company, Cleveland, 
Section I. Vertical gas 
Illustrated, 16 pages, 6x) inches. 
Robert Wetherill and Company, Chester, Penn. 
Catalog. Williams vertical compound medium 
speed engine. Illustrated, 20 pages, 6x9 inches. 


Standard Gauge 
Syracuse, N. Y. 
and vacuum gages. 
inches. 


Manufacturing Company, 
Bulletin No. 2. Pressure 
Illustrated, 36 pages, 8x11 


Cc. O. Bartlett & Snow Company, Cleveland, 


Ohio. Catalog No. 25. Crushers, pulverizers 
and feeders. Illustrated, 32 pages, 6x9 
inches. 


American Engine Company, Bound Brook, 
N. J. Bulletin No. 14. American-Ball angle- 
compound engine. Illustrated, 32 pages, 6x9 
inches. 


Jas. Clark, Jr. Electric Company, 315 West 
Main street, Louisville, Ky. Bulletins. Elec- 
trically driven drills, motors and generators. 
Illustrated. 

Mansfield, Ohio 
water gages, bronze 
Illustrated, 12 pages, 


The Ohio Brass Company, 
Catalog F. Gage cocks, 
gate valves and fittings. 
6x9 inches. 


Traylor Engineering Company, 2 Rector street, 
New York. Catalog. Hawkes combination fire 
and water-tube boiler. Illustrated, 20 pages, 
7x10 inches. 


H. W. Johns-Manville Company, 100 Wil- 
liam street, New York. Pamphlet. Magic 
boiler compound. Illustrated, 12 pages, 


314x6 inches. 

International Steam Pump Company, 11° 
Broadway, New York. Bulletin BK-81". 
Steam heating vacuum pumps. Illustrated, 4 
pages, 6x9 inches. 
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Use of Wood * Fuel for Steam Boilers 


Calorific Value of Various Woods, the Kind of Furnace Required, 
Size of Chimney and Other Conditions Forming Good Practice 





B Y 


In nearly all plants where lumber or 
wooden articles are the finished products, 
wood is used as a fuel for the boilers, be- 
cause it is a refuse and is easily and 
cheaply disposed of in that manner. In 
some plants the amount of this refuse is 
greater than can be burned under the 
boilers; in others, there is not enough 
waste to furnish the steam required. 

This is the case in a great many wood- 
working industries, and in some sawmills 
on the South Atlantic coast. To this class 
of industries this article is directed. 

A certain wood is a good fuel or a poor 
fuel, depending on (1) the moisture con- 
tained and (2) the size of the pieces as 
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A. JOHN 


Poplar, chestnut and elm—2350 Ib. equals 
940 Ib. of coal (others, 1050 Ib.). 

Avera: pine—2000 Ib. equals 800 Ib. of 
coal (others, 925 Ib.). 


Referring to the figures last given in 
each case, in connection with “others,” it 
is said: 

“From the above it is safe to assume 
that 2%4 pounds of dry wood are equal to 
I pound of average quality soft coal, and 
that the fuel value of different woods is 
very nearly the same, that is, a pound of 
hickory is about equal to a pound of pine, 
assuming both to be dry.” 

It is important that the woods be dry 
in the comparison, as each 10 per cent. of 
water or moisture in the wood will detract 











STON 


If this wood as ordinarily dried in air 
contains 25 per cent. moisture, then the 
heating value of a pound of such wood 
is 8170 X 0.75 = 6127 B.t.u., less the heat 
required to raise the % pound of water 
from atmospheric temperature to steam, 
and to heat this steam to chimney tem- 
perature. Say, for instance, it takes 159 
B.t.u. to heat the water to 212 degrees and 
966 B.t.u. to evaporate it to steam, and 
100 B.t.u. to raise the temperature of the 
steam to chimney temperature; in all 1216 
B.t.u. per pound or 304 B.t.u. per 4% 
pound. The net value of the wood as a 


“fuel would then be 6127 — 304 = 5824 


B.t.u., or about 0.4 that of 1 pound of car- 
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fired. Whether it burns well under the 
boiler depends on the shape of the fur- 
nace, the method of firing and the draft 
of the chimney. 


CALORIFIC VALUE OF VARIOUS Woops 


The main idea to be shown in this sec- 
tion is that the value of all woods is about 
the same, depending on the amount of 
moisture contained. 

In various works of reference, the 
weight of one cord of different woods 
(thoroughly air-dried) is about as fol- 
lows, the quality of coal not being given: 

Hickory or hard maple—4500 Ib. equals 1800 
lb. of coal (others, 2000 Ib.). 

White oak—3850 Ib. equals 1540 Ib. of coal 
(others, 1715 Ib.). 


Beech, red and black oak—3250 Ib. equals 
1300 Ib. of coal (others, 1450 Ib.). 








about 12 per cent. from its fuel value. 

Take an average wood of the chemi- 
cal analysis: Carbon, 51 per cent.; hydro- 
gen, 6.5 per cent.; oxygen, 42 per cent.; 
ash, 0.5 per cent. If perfectly dry, its fuel 
value per pound, according to Dulong’s 
formula, 

O 


V= [ 4,500€ + 62,000 (1 = >) |: 
is 8170 B.t.u. The calorific value of car- 
bon equals 14,500 B.t.u., and the calorific 
value of hydrogen equals 62,000 B.t.u. 

The hydrogen in the fuel being partly in 
combination with the oxygen, only that 


part not in such combination can be 
counted on as a fuel, hence the factor 
O 
(H— ——)s 


bon. This method can be applied to any 
wood, knowing its chemical analysis and 
its percentage of moisture as burned. 


Tue Moisture CONTENT 


As nearly all woods have about the same 
chemical analysis,the heat value of woods de- 
pends, as before mentioned, almost entirely 
on the moisture contained in the wood when 
burned. When newly felled, wood contains 
a proportion of moisture which varies much 
in different kinds and different specimens, 
ranging between 30 and 50 per cent., and 
averaging about 40 per cent. Perfectly 
dry wood contains about 50 per cent. of 
carbon, the remainder consisting almost 

‘entirely of hydrogen and oxygen in the 
proportion which forms water. The coni- 
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ferous (pines) family contains a small 
quantity of turpentine, which is a hydro- 
carbon. The proportion of ash in wood is 
from 1 to 5 per cent. The total heat of 
combustion in all woods is almost exactly 
the same, and is that due to the 50-per 
cent. carbon. 

American woods vary in percentage of 
ash from 0.3 to I.2 per cent., and the heat 
value ranges from 6600 B.t.u. for white 
oak to 9883 for long-leaf pine, the fuel 
value of 0.5 pound of carbon being 7272 
B.t.u. 

In the absence of any method of deter- 
mining the heating value of a certain 
wood, the following are averages of the 
analyses of beech, oak, birch, poplar, and 
willow: 


is SIO DINE. a 5:6 as 5:0: 5:6 Stara dhe laa 49.70 
PeCEPONeNh, DOP COME. 6. .oi6.60.0 0: 0.0650 008 §.06 
CEGROR, DOP COME. ois iccce eee ce oss 41.30 


THARUONON:, BOP COME. s i.cc cea cwees eae 1.05 
Ash, per cent 


These can he used in the foregoing for- 
mula, and will give an approximate value 
for nearly all American woods. 

A very good and fairly accurate ap- 
proximation of the amount of moisture in 
any particular sample can be obtained by 
weighing the wood (say about 10 pounds 
of it), and then placing the sample in a 
closed vessel with a small hole in it to 
allow the steam to escape. Subjecting the 
whole to a temperature of about 220 de- 
grees until all the moisture has been 
driven off, weigh the sample again, and 
the percentage of moisture in the original 
can be computed easily. With this per- 
centage known, the subtraction for mois- 
ture present can be made, as_ before 
shown, and an approximate value of the 
sample is obtained. 
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heat steam made by this water to chim- 
ney-gas temperature). All of the latter 
quantities can be obtained from steam 
tables. 


MetHop FoR GETTING AT THE 
HEAT VALUE 


EASIEST 


Probably the easiest and most accurate 
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ers were not out of the water over three- 
quarters of an hour. A sample of chips 
was weighed wet, then dried in a closed 
vessel and weighed again, giving a mois- 
ture percentage of 47.50. A sample of the 
dried wood was then ground and tested 
in a calorimeter, giving a heat value of 
8208 B.t.u. per pound, dry. 
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FIG. 2. 


of all methods of obtaining the heat value 


of a certain specimen of wood is not to 
inquire into the chemical analysis, but to 
take a sample of the wood just in the 
condition in which it is burned, place it 
in a closed, air-tight vessel, and keep it 
there until it is brought to a calorimeter. 
This instrument should be used by one 
who is familiar with its use. It will give 
the heat value expressed as B.t.u. per 
pound, dry. The percentage of moisture 


being found, the correction for moisture 
is made as before. 





REPRESENTATIVE DUTCH OVEN 


For every pound of the wood fired 
there was only 8208 < 0.525 = 4309 B.t.u. 
given up by the wood in burning, for there 
was but 1I.00—0.475=0.525 pounds of 
dry wood fired for 1 pound of fuel. 

One pound of water requires 966 B.t.u. 
to evaporate it at the pressure in the fur- 
nace. There was 0.475 pound of water 
in the I pound of fuel fired, so that 
966 X 0.475 = 461 B.t.u. were required. 

The flue-gas temperature was 340 de- 
grees and 340 — 212 = 128 B.t.u. required 
to bring the steam from the boiling point 
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Nearly all woods will give a heat value, 
dry, of about 8200 B.t.u. Having obtained 
the percentage of moisture present, the 
heat value of the fuel is 8200 multiplied by 
(100 per cent. —per cent. moisture) less 
(heat required to raise water contained to 
evaporative point) less (heat required to 
evaporate the water) less (heat required to 


A case of this kind, taken from a re- 
port by the writer, may be mentioned and 
calculated. The fuel was sweet gum re- 
fuse from a veneer mill, run through a 
hog and ground into chips approximately 
the size of a man’s little finger. The logs 
were brought to the mill by rafting down 
a river, so the chips as fed to the boil- 


Section A-A 


to the chimney temperatures. The available 
heat in the wood was, then, 4309 — 461 — 
128 = 3702 B.t.u. 

Probably the greatest chance of error 
in estimating the value of a wood as fired 
is to neglect the above calculation, be- 
cause the difference between its heating 
value dry and its heating value as fired is 
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often as high as 50 per cent., while a simi- 


lar calculation for coal would give a com- 
paratively small difference. 
After computing by either of the 


methods given the heat value of the fuel 
to be burned, it is easily computed how 
much water can be evaporated per pound 


of fuel, and knowing the amount of avail- 
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Air-drying of wood extracts about one- 
half of the moisture in a year. Wood 
perfectly dried, and then exposed to the 
air, will absorb about the same amount 
of moisture that it would contain after 
being thoroughly air-dried. However, 
when wood is to be used as a fuel, it is 
almost out of the question to contemplate 


Boiler Horse Power 
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for each and every one is to work under 
different conditions. 

In plants already built, an estimate 
be made by weighing the fuel brought to 


can 


the boiler room, and by foregoing methods 
determining heat value, the 
horse-power can be computed. 


available 


Most sawmills furnish enough refuse in 
slabs to run the boilers required to oper- 


ate the plant. Woodworking plants, sash, 























~ 5010015020) 350400450500 550__60U__ 50.0 750_S00_850_ 900 blind and door manufactories, furniture 
factories, etc., depend entirely on the kind 
a ee 2 i ceo — ~-—— - of product, as to the amount of scrap. 
Pa | . This will also depend largely on the 
oe or oo oe : - : 4 plant at which the installation is contem- 
5 é a plated. Furniture factories, woodwork- 
- ing plants, etc., generally work the kiln- 
5 dried lumber up so closely that the refuse 
3S as it comes to the boiler is already in an 
$ easily burnable condition, that of saw- 
« dust, shavings, or small strips or blocks. 
E These can be fed directly to the furnace 
z without further preparation. 
2 In most sawmills where the slabs come 
3 off of the logs in long pieces, it is not 
= possible to get the fuel to burn easily if 
5 fed as slabs, so it is often and generally 
2 in the sawmills on the Atlantic coast fed 
™ through a hog which grinds the slabs into 
i 7 chips varying in size from a man’s three 
fingers to one finger or smaller. 
This is undoubtedly the best way in 
FIG. 4. SHOWING RELATION OF HORSE-POWER TO EFFECTIVE CROSS-SECTIONAL AREA OF which to introduce this fuel to the boiler, 
STACK FOR DIFFERENT HIGHTS OF STACK AS EXPRESSED for it is then easily handled by conveyers, 
BY KENT'S FORMULA H.P.=3%EY H and can be dumped directly into the fire 
able fuel, the power to be generated at oe > 
any plant under consideration may be ; | 4 
estimated. ; ~ a a Ss = al et p: 
Referring again to the same case of MA \ SAYS e 
wet gum chips, this fuel was brought to So * ca VX, yi W444 [a 
the boiler house by a conveyer, the aver- | Height of Stack | Z| wa 
. ° : ‘ CO) a es ies 7 
age capacity being measured at 100 pounds VOY 7 | 
per minute, or 6000 pounds per hour 80 + _ 7 
brought to the boilers. y, | i ¢ 
A pound of water requiring 966 B.t.u. or GZ 
to evaporate it, and each pound of the fuel ma | | 
having 3702 B.tu., 3702 + 966 = 3.83 
pounds of water per 1 pound of fuel, 50 
with 6000 pounds of fuel per hour, the 
maximum quantity of water that could be ss 
evaporated by the boilers at 100 per cent. = 
efficiency would be 6000 X 3.83 = 22,980 
pounds per hour. 20 
If the boilers were 70 per cent. efficient, 
22,980 X 0.70 = 16,100 pounds of water wis | 
per hour evaporated from and at 212 de- | | = 
grees is all that could be expected, and 400 800 1200 1600 2000 2400 2800 5200 3600 1000 4400 4900 5200 5600 6000 6400 GH00 120 


as 34% pounds of water per hour evapo- 
rated from and at 212 degrees is the equiv- 
alent of one boiler horse-power, the 
evaporation given would represent 16,100 


+ 34%4 = 465 boiler horse-power. Under 
test the boilers gave 450 boiler horse- 
power. 

From all that goes before, it appears 


that wood as a fuel has been allowed 

little too high a value, inasmuch as it is 
rarely if ever fed to the boilers perfectly 
dry. It is generally green, and in cases 
of sawmills located on the banks of 
navigable streams is soaked with water. 


FIG. 5. SHOWING RELATION OF 


AREA OF STACK 


mF. 


drying it, so the proposition is to burn 
the fuel available in the best manner. 


FuEL AVAILABLE 


Of course there cannot be given any 
even approximate method of calculating 


the amount of fuel that will be available 
in the refuse from any contemplated plant, 


HORSE-POWER TO EFFECTIVE 
AS EXPRESSED 
= 332 


CROSS-SECTIONAL 


BY KENT’S FORMULA 


EV H 

without any manual work, while slabs will 

generally require handling, unless some 

extra design is prepared to meet the case.* 
The various forms in which wood is fed 

summarized as: 


to the furnace may be 


Cordwood, shavings, sawdust, dust from a 


ee is mentioned in 


190 


*A case of this 
PoweER, November, 
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hog, strips and blocks from a factory, and 
tan-bark. 


KiInp oF Furnace Regurrep 


Efficient burning of wood requires a 
large combustion chamber, and grates ar- 
ranged to prevent admission of a sur- 
plus of air. This cannot be obtained to 
good advantage in the usual coal-burning 
furnace, so the dutch oven has been de- 
veloped to meet requirements. This is 
an extension of the fire-box in front of 
the boiler, as shown in Fig. 2, with a fir- 
ing hole in the top through which the 
ground fuel or sawdust can be fed directly 
from the conveyer or chute to the grate. 

As wood fuel is generally wet, or con- 
tains a large amount of moisture, the con- 
ditions of success, as pointed out by 
Thurston, are: To surround the mass so 
completely with heated surfaces and with 
burning fuel that it may be rapidly dried, 
and so arranging the apparatus that thor- 
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Fig. 3 shows an arrangement where 
the fuel consisted almost entirely of kiln- 
dried refuse from a woodworking plant, 
coming to the boilers in short sticks from 
about %x!4xI2 inches to blocks 1x3x10 
inches, all mixed with sawdust and shav- 
ings from planers. 

In the boiler room the floor is on an 
exact level with the top of the dutch oven. 
The fuel is dumped from a conveyer on 
this floor and shoved by hand into the 
holes on top of the ovens, and as the holes 
are kept full of fuel all the time, the doors 
over them are never closed. The boilers 
are of the Heine water-tube type, ar- 
ranged in a battery of three and each 
rated at 300 horse-power. This installa- 
tion gives perfect satisfaction. 

Another form of combustion chamber, 
shown in Fig. 1, is very satisfactory for 
burning sawdust with a small mixture of 
shavings. The grate must be kept cov- 
ered all the time, or too much air will get 


1 


FIG. 6. SHOWING RELATION OF THE EFFECTIVE CROSS-SECTIONAL AREA OF 
STACK TO DIAMETER OF STACK 


ough combustion may be then secured, the 
rapidity of combustion being precisely 
equal to, and never exceeding the rapidity 
of drying. If the proper rate of combus- 
tion is exceeded, the dry portion is con- 
sumed completely, leaving an uncovered 
mass of fuel which refuses to take fire. 

These conditions are met in the dutch 
oven, because of the fact that the fire is 
completely surrounded by fire-brick walls, 
which become heated to a very high tem- 
perature, especially in the case of burning 
pine shavings. This condition of good 
burning has been so well met in some 
cases that the fire-brick lining could not 
withstand the high temperature longer 
than a month. 

The dutch oven has a firing door and 
an ash door on the front; the firing door 
may be used to fire any large pieces of 
wood, but results are best where the fire 
door on the front is never opened except 
for cleaning. 


through, thereby decreasing the efficiency 
of the boiler. In this case the fuel is fed 
in a constant stream from a chute, and is 
shoved back over the grate by a man on 
the firing floor. 

For ordinary air-dried cordwood, a 
good grate is one placed at the firing-floor 
level, the area of grate being reduced to 
about two-fifths the amount required for 
coal by sloping the furnace walls inward, 
beginning just under the arch. The grate 
is, of course, at the bottom, and the cord- 
wood can be carried to a depth of 30 to 
36 inches, so that the freshly fired wood 
will crowd down that which is partly 
burned, filling the large interstices at the 
bottom with burning coals, and preventing 
leakage of air past the fire. 


MISCELLANEOUS POINTS 


In handling any kind of wood fuel, it 
is better, even in small installations, to 
have the fuel brought by some carrier, as 
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a conveyer, chute or air blast, to the fur- 
nace. With dry wood in small pieces, as 
dust from a hog, or shavings, the fuel 
being brought to the fire-room, one man 
can care for about 300 horse-power of 
boilers. If it is brought right over the 
firing hole to a dutch oven by an over- 
head carrier, he can care for, in some 
cases, 500 horse-power. 

Sawdust and dry shavings are very ex- 
tensively handled by blowers, the suction 
of the blower being connected to the saw 
frame or planer, and the refuse being 
blown into a receptacle over the boiler 
room. It is then dropped by chutes di- 
rectly into the fire, or may be blown di- 
rectly in by the blast furnishing air for 
the fire. 

A chimney could be designed from 
theoretical calculations involving the 
chemical composition of the wood to be 
burned, but as a plant burning wood is 
rarely or practically never run on a weight 
basis, this would not be a_ practical 
method. 

It has been borne out by practice that a 
chimney designed for a certain horse- 
power for bituminous coal will work well 
for wood. The accompanying curves were 
calculated from Kent’s formula: 


H.P.=3% EH. 


In Figs. 4 and 5, with any boiler horse- 
power and any suitable hight, the area of 
stack can be found. In Fig. 6 this area 
is expressed for round or square stacks. 





Comments on Turbine Operation 





By H. R. Mason 





On page 738 of the May 12 number 
there is an article, by F. M. Vanderveer, 
on the operation of turbines, which calls 
for comment. He states that from “40 
to 50 minutes is a conservative time 
allowance for getting a Parsons machine 
of large size on load from a cold start,” 
implying that even a longer time would: 
be better. I do not know just what he 
had in mind when he referred to a 
“large” machine, but the writer is in 
charge of a station containing three 500- 
kilowatt direct - current cross - compound 
condensing-engine units, two 500-kilowatt 
alternating - current Curtis - turbine units 
and two 2000-kilowatt alternating-current 
Parsons-turbine units, which are compara- 
tively large, and we find that no such 
period of time is either necessary or de- 
sirable to get any of the units into ser- 
vice, and that we can get the 2000-kilo- 
watt Parsons units into action almost as 
quickly as any of the smaller units, with- 
out objectionable results appearing. The 
station is operated in conjunction with a 
much larger station, and carries all the 
lighting load and some power load during 
the day. There is a connected load of 
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more than 10,000 kilowatts, hence there 
are some sudden and formidable peak 
loads to be dealt with whenever the 
weather turns cloudy, and the myriad of 
lights are simultaneously turned on, call- 
ing for some “hurry-up” starts. 

In these cases there is seldom any warn- 
ing, and I have frequently used the fol- 
lowing routine and had full load, or even 
from 25 to 50 per cent. overload, on the 
2000-kilowatt units within six minutes, 
from a cold start. The first move upon 
the switchboard operator’s call for an 
additional machine is to open the throttle 
slightly to allow as much steam as pos- 
sible to flow through the turbine without 
causing it to start. This requires but a 
few seconds, and about an equal period of 
time is required to start the auxiliary oil 
pump. The inlet valve is always left open 
to the surface condensers, so they are 
always full of water. The outlet valve is 
quickly opened a certain number of turns, 
which is known to be sufficient for all 
purposes, and this is easily done before 
the moderate amount of steam flowing 
through has had time to heat the conden- 
ser unduly. By this time the oil is suffi- 
ciently high in the reservoir to permit the 
turbine to be started very slowly, and it 
doubtless warms up rather more evenly 
when turning over than when standing. 
When the oil has reached its normal level 
in the reservoir, the turbine is given more 
steam, and the field cut in. If vibration 
begins, which is very seldom, checking 
the increase in speed will quickly modify 
or eliminate it. At about two-thirds speed 
the gland water is turned on, the dry- 
vacuum pump is started (there being no 
wet-vacuum pump, as the hot-well is 35 
feet below the condensers), and the tur- 
bine is brought up to full speed. As full 
speed is approached, the switchboard 
operator inserts the synchronizing plugs 
and sets the field for normal excitation, 
and generally is ready to take advantage 
of the very first favorable period for cut- 
ting-in. 

In cases when an emergency call is ex- 
pected, I have made it a rule to warm up 
the turbine thoroughly and keep the reser- 
voir pumped full with the auxiliary oil 
pump. The large mass of metal remains 
hot enough to permit a very sudden start 
for some hours, and the quickest start re- 
corded under these circumstances was 
practically 2%4 minutes from start to full 
load, with a large number of starts in 
from 3% to 5 minutes. 

These turbines are erected on I-beam 
settings, and are thus particularly sus- 
ceptible to vibration, and in a year or 
more of such operation they have given 
absolutely no trouble which could be 
ascribed to sudden starting. 

The s500-kilowatt Curtis units have been 
given full load in 1% minutes, from a cold 
start, the auxiliary and condenser controls 
being exceptionally convenient, and no bad 
results were observed. The 500-kilowatt 
direct-current cross-compound horizontal- 
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engine units are frequently called upon to 
retrieve unruly rotary converters in emer- 
gencies, with records of from 45 seconds 
to 3 minutes, depending upon the initial 
temperature of the engines. The receivers 
are fitted with re-heating coils which are 
served by header drip-lines, and these are 
always left on, so the engines never get 
really cold, and we very seldom observe 
indications of water being present. 

These records are not necessarily to be 
taken as a pattern for the best general 
operation, but as being forced upon us by 
circumstances, and made possible by 
every practicable precaution in careful 
drainage of steam lines, advantageous 
location of auxiliaries, and the effective 
codperation by the whole force. 

When the load rises suddenly, one must 
keep up with it in getting on machines, or 
face the unpleasant results of burning up 
the machines in service, or dropping a 
part of the load. The two latter alterna- 
tives cannot be seriously considered, and 
it is a question if a machine which would 
not stand quick starting would be market- 
able as long as there are in competition 
with it machines which will do so. An- 
other objection to taking an unnecessary 
length of time in starting is the useless 
consumption of steam, both in the main 
units and the auxiliaries. It takes a great 
amount of steam to keep a turbine turn- 
ing slowly, especially when non-condens- 
ing; if the throttle on one of our 2000- 
kilowatt machines is left open to the point 
required to maintain half speed and the 
vacuum applied, it will immediately come 
to full speed, and if cut in without change, 
will be found to pull several hundred kilo- 
watts. If an engineer heard an equal 
amount roaring from his safety valves for 
half an hour or more he would discharge 
every fireman on the job; but it slips 
through into the condenser so quietly that 
he only wonders why his coal bill is so 
high. 

In erecting one of our 2000-kilowatt 
Parsons units, the globe throttle valve 
was inadvertently installed so that the 
steam pressure came against the under 
side of the disk. When opening it slightly 
one day, to warm up the turbine prepara- 
tory to starting, the yoke gave way and 
admitted full boiler pressure to the tur- 
bine, while it was almost ice cold, no part 
of it being over 60 degrees Fahrenheit. 
It came up to speed in a few seconds, and 
the vibration was by no means serious, 
and quickly subsided. 

Carrying the point further, I would like 
to see explained what benefit it can be to 
get a Parsons turbine as hot as steam can 
make it from end to end before starting 
it. When the turbine has been brought 
up to speed and a vacuum obtained, the 
temperature of the spindle at the exhaust 
end must fall almost as rapidly as it 
would be raised by steam at ordinary tem- 
perature at the other end had it been 
started cold; and when it has been run- 
ning for hours on a light load, but a small 
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portion of the turbine is very hot, and a 
sudden application of load must produce 
a set of conditions very nearly the same as 
starting without any great degree of pre- 
liminary warming. As the turbine must 
withstand these sudden and extreme 
changes in temperature, it appears almost 
conclusive that much of the steam and 
time devoted to warming up this class of 
apparatus is unnecessary in a_ well-bal- 
anced turbine where the steam lines are 
properly drained. 

If a turbine vibrates objectionably when 
started after a moderate time has been 
allowed for warming, say 3 minutes for a 
500-kilowatt, 5 minutes for a 2000-kilowatt, 
and 7% or, perhaps, 10 minutes for larger 
sizes, it is highly probable that there is 
something structurally wrong with it, and 
any longer period will do but little, if any, 
good; furthermore, it will be subject to 
mysterious “spells” or “fits” of vibration 
upon changes of lead or vacuum. I have 
seen several such cases, which were finally 
overcome by eradicating the cause of the 
trouble, which is seldom the same in any 
two cases. 





The Absorption System Made 
Simple 





By Lewis C. REYNOLDS 





The constantly increasing number of 
refrigerating plants installed has placed 
an additional burden upon the operating 
engineer and one which from its nature 
he is not always prepared to accept. The 
subject of mechanical refrigeration is 
something entirely foreign to steam engi- 
neering, as the steam equipment forms 
but a small portion of the installation. 

There is a certain amount of mystery 
in connection with refrigeration machin- 
ery. The transformation of heat through 
the agency of steam to ice through the 
medium of ammonia is rather paradoxical. 
The process is, however, very simple and 
the theory easily acquired. A man can 
repair an engine or run a dynamo with no 
theoretical knowledge of either, but he 
cannot successfully handle a refrigeration 
plant until he has acquired the technical 
knowledge of the changes involved. 

The refrigerating engineer must learn 
to think in heat units. It is not enough 
to know the valves and how to manipulate 
them under different conditions. He must 
go deeper and be able to picture the heat 
exchanges going on in the different parts 
of the system and the conditions of the 
ammonia which cause or are caused by it. 

In Fig. 1 is shown the usual lay-out 
of an absorption system, which is selected 
as being more complicated 
illustrating the heat 
compression system. 


and _ better 
transfers than the 
The generator con 
tains steam coils which are submerged in 


strong aqua ammonia. The heat of the 


steam in the coils raises the temperature 
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of the liquor and expels the ammonia gas, 
which under a pressure of from 120 to 
220 pounds passes to the condensing coils. 
A constant supply of water running over 
these coils removes, at the top of the coil, 
the heat in the gas and cools it to the 
point of saturation. Farther down the 
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drous circuits is shown. Steam enters the 
generator and comes in contact with the 
strong aqua ammonia as shown, the 
arrow-heads showing the direction and 
relative quantity of heat. The steam gives 
up its heat in the generator and is 
trapped away. The anhydrous gas passes 
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FIG. I. USUAL LAY-OUT OF AN ABSORPTION SYSTEM 


latent heat is extracted, causing the am- 
monia gas to liquefy, and at the bottom 
leaves the condenser but a few degrees 
warmer than the inlet condensing water. 

The liquid now passes to the expansion 
valve through which it enters the expan- 
sion coil in the form of a fine spray, which 
vaporizes and absorbs heat from the sur- 
rounding medium, in this case the brine 
solution. The ammonia, having performed 
its work and now in the form of a gas, 
passes to the absorber, where it comes 
in contact with a weak solution of aqua 
ammoria by which it is readily absorbed. 
The solution thus strengthened is pumped 
to the generator by a suitable pump and 
the process repeated indefinitely. 

As the gas distils from the strong aqua 
ammonia in the generator, the specific 
gravity of the liquor increases, causing it 
to settle to the bottom, from where it is 
forced by the generator pressure to the 
absorber in which it mingles with the gas 
from the expansion coil, as already ex- 
plained. As the absorption power of the 
solution is largely increased by lowering 
its temperature, it is passed through cool- 
ing coils where the heat imparted to it by 
the generator is removed. The interior 
of the absorber is also provided with 
cooling coils through which water is cir- 
culated, carrying away the heat of absorp- 
tion. 


Two CycLes OF OPERATION 

In the process as described, are two 
cycles of operation: That of the an- 
hydrous ammonia shown by the full line 
in Fig. 2, and the aqua ammonia shown 
by the dotted line. At distillation the 
heat of the steam is taken up by the gas 
and aqua solution; at liquefaction the heat 
of the gas thus received, together with the 
latent heat of liquefaction, is extracted and 
carried away by the cooling water; at ex- 
pansion the latent heat taken away at 
liquefaction is taken up from the sur- 
rounding medium; and at absorption the 
gas and aqua solution mingle and the heat 
of absorption is removed. 

Fig. 3 shows the same cycle of opera- 
tions as Fig. 2, except it is drawn to con- 
form to the outline of a typical plant, and 
the relationship of the aqua and anhy- 


to the condenser and the aqua to the ab- 
sorber, passing through the cooling coils 
en route. The quantity of heat contained 
is shown by the frequency of the arrow- 
heads. 

In the condenser the gas parts with its 
sensible and latent heat, which pass to 


Distillation 





Absorption Condensation 


Expansion 


FIG, 2. TWO CYCLES OF OPERATION 


the water. The latent heat thus lost is 
taken up in the brine cooler when the 
liquid anhydrous ammonia vaporizes, the 
heat being taken from the brine solution 
which in turn is taking a corresponding 
quantity from the rooms. 


Steam 
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ing the solution to its original strength. 
The heat of absorption is shown passing 
to the water. 


INTERCHANGE OF HEAT 


Summing up the heat interchange, we 
find heat given to the system by the steam 
in the generator and by the brine in the 
cooler. The total heat is carried away 
in the cooling water, and will equal the 
amount supplied. Representing the heat 
given up by the brine as B, the heat sup- 
plied by the steam as S and the heat car- 
ried away in the water as W, then B+ 
S=IV. This, while not exact, because 
of some heat exchange between the sys- 
tem and surrounding air in the room, is 
practically true, since the loss mentioned 
is too small to be taken into account. 

A change in the conditions in one part 
of the cycle must be met by a correspond- 
ing adjustment in other parts. An in- 
crease in outside temperature means more 
heat units in the brine, which will require 
more expansion and greater heat ex- 
change all through the cycle. 

Aside from the heat exchanges taking 
place between the steam, ammonia, water 
and brine, there are several opportunities 
for a similar exchange between the sev- 
eral parts of the ammonia system, which 
will be to the advantage of both. A de- 
vice known as an exchanger, is con- 
structed on the principle of a closed feed- 
water heater; the cold, strong aqua solu- 
tion from the absorber is pumped through 
the coils in the exchanger before being 
fed to the generator. The hot anhydrous. 
gas from the generator passes through the 
shell outside the coils, giving up a portion 
of its heat to the solution and doing the 
work of an equivalent of steam. On the 
other hand, the exchanger, which acts as a 
heater to the solution, acts as a cooler to 
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FIG. 3. CYCLES OF OPERATION DRAWN TO CONFORM WITH TYPICAL PLANT 


A little study will show that the am- 
monia is merely acting as a conveyer of 
heat from the rooms to the water flow- 
ing from the condenser coils. The weak 
aqua is shown passing to the cooltng coils 
where the water takes up its heat, and in 
the absorber it unites with the gas, restor- 


the gas, to the advantage of the condenser. 
The exchanger would be placed at E, and 
is usually built as part of the generator. 
Another opportunity exists for an ex- 
changer at E’, where the aqua solution 


from the absorber extracts heat from the 
hot solution from the generator. 
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Some types of machine also have an 
exchanger at this point. Reference to the 
anhydrous piping to and from the brine 
cooler reveals the possibility of an inter- 
change here. The liquid anhydrous am- 
monia leaving the condenser can be no 
colder than the entering condensing water, 
and in practice will be several degrees 
warmer. This requires the liquid am- 
monia to do a certain amount of work 
upon itself at the expansion valve in re- 
ducing its own temperature to that of the 
brine cooler. The gas from the cooler 
will be at a low temperature, as usually 
indicated by “frosting back.” This low 
temperature can be taken advantage of by 
running both pipes parallel and incasing 
in the same pipe covering. 

The most perplexing refrigeration trou- 
bles which seem too unreasonable to solve, 
will yield readily to an application of the 
heat-unit theory, thinking of the heat unit 
as a material substance which is being 
loaded and unloaded in various parts of 
the system. 





Fly Wheel Explosion at Nazareth, 


Penn ° 


By B. T. Epwarps 


On May 23, at 8:30 p.m., occurred a 
disastrous fly-wheel explosion at the plant 
of the Nazareth Light and Power Com- 
pany, located in the little town of Naz- 
areth, Penn. The wheel was on a 300- 


horse-power Corliss engine, running at 











85 revolutions per minute, and its break- 
ing was attributed to the failure of the 
main pulley on the jack-shaft. This pul- 
ley was belted by a 23-inch belt to the fly- 
wheel which was 14 feet in diameter. 
Three 120-kilowatt generators were driven 
by separate belts from the jack-shaft. 
The driving pulley gave way without 
warning while pulling full load. After- 
ward, near the hub, an old shrinkage 
crack was found which had previously 
escaped inspection by being covered with 
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grease. When the 36-inch pulley went to 
pieces, the belt, which ran clwse to the 
side of the engine, gave a lurch and caught 
the governor, tearing off one of the fly- 
balls. The sudden release from its load 


and the destruction of the governor with 
110 pounds boiler pressure was the cause 
At the 


of the runaway which followed. 











time of the explosion the speed of the 
wheel was estimated at 15,000 feet. An 
attendant pulled one of the steam cut- 
off attachments provided, but the wheel 
had already gathered too great a mo- 
mentum. The flying fragments tore 
off the entire portion of the roof tan- 
gent to the wheei, and tore large holes 
through the walls; one piece, weighing 
about 600 pounds, was thrown 1500 feet 
in the direction of rotation. A large piece 
sheared off the entire cornice of a dwell- 
ing house near-by, but nobody was hurt. 

The wheel was made in two sections, 
the flanges at the hub being bolted to- 











FIG. 3 


gether with six 3-inch bolts. These were 
all sheared smoothly off and also the 
six 2-inch bolts in the flanges at the rim. 
There were six spokes in the wheel, and 
at the time of the writer’s visit, three 
days after the wreck, only three had been 
found. 


Fig. I is a view of the building from 





1021 


The foundations of a small ex- 
tension inclosing the fly-wheel are shown, 
the other part of the wall having been 
knocked over. 
the crank-shaft, which was left entirely 
uninjured by the disruption of the fly- 
wheel. Among the 


the south. 


In the center can be seen 


splinters of the roof 
can be seen the main steam line which was 
also uninjured, although part of the as- 
bestos covering was scraped off by flying 
pieces. 

is a view of the building from 
the north. Just out of sight in the fore- 


Fig. 2 
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ground lies a piece of the fly-wheel com- 
prising half of the hub, one spoke and 
a large portion of the rim and flange, evi- 
dently hurled through the roof. 

Fig. 3 is the 
north, after the removal of part of the 


an interior view, from 
wreckage. 

Fig. 4 is a view of portion of hub, a 
spoke and part of the rim and flange, the 
whole probably weighing from twelve to 
fifteen hundred pounds, and hurled 490 
feet from the building. 

Much of this information was obtained 
from J. A. Miller, president and general 
manager of the company, and it was under 
his management that temporary apparatus 
was installed and the plant put in opera- 
tion 36 hours after the wreck. 





nine days, ending June 9, engi- 
the Electric Company 
held their annual meeting for discussing 


For 
neers of General 
the past year’s developments and consider 
the The 
was opened at the works at Schenectady, 
ae by E. W. Rice, fs vice-president. 
After spending five days at Schenectady 
the meeting was adjourned to Pittsfield, 
Mass., where C. C. Chesney, manager of 
the Pittsfield works presided. The meet 
ing was continued at Lynn, Mass., where 


ing plans for future. meeting 


the engineers were welcomed by W. C. 
Fish, manager. The company’s incandes- 
cent lamp-works are located at Harrison, 
N. J., and when the convention assembled 
at this place G. F. Morrison, manager, 
took charge. 
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Descriptions of the Three Distinct Types Now in General Use, 
Together with Summaries of the Difficulties Common to Each 
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At present three distinct types of gas 
producer are offered to the power user. 
They are the suction producer, the steam- 
pressure producer and the induced down- 
draft producer. 


THE Suction PRODUCER 


In this type the fuel is fed into the 
generator from a hopper at the top. 
Ashes and clinkers are removed from the 
bottom, and air is usually admitted below 
the grate, first passing through econo- 
mizers, where it is heated and passed over 
a body of hot water to absorb the neces- 
sary moisture. In some makes of pro- 
ducer the air is admitted direct from the 
engine room, and a_ small, regulated 
amount of water is fed into a space pre- 
pared around the grate, where it is evap- 
orated and is carried as steam along with 
the air up into the fuel bed. 

Difficulties in the use of this type are 
less pronounced than in any others. An- 
thracite or coke can only be used, and 
not even these fuels in the very small 
sfzes. It is not easy to note the condition 
of the fire, as the generator cannot be 
opened at the top without admitting air 
and causing a poor mixture of gas; the 
only thing to do in this emergency is 
to feed in more coal to stop the chimney 
heles in the fire-bed, or quickly insert 
a poker bar and thoroughly tamp the 
fuel. The latter is the better way, even 
though it has to be done blindly. 

Starting this type of producer each 
morning, or whenever it has been shut 
«down for any considerable length of time, 
is troublesome. Unless there is other 
power available, a blower must be turned 
by hand until gas is generated in suf- 
ficient quantity and of the right quality 
to start the engine. After the engine has 
been started, the suction of the piston is 
sufficient to supply draft to the fuel 
bed and draw the gas to the cylinder, 
but there is a limit to the size of a suc- 
tion-producer plant beyond which the en- 
gine cannot do this work advantageously. 

In operating this type of producer trials 
and tribulations may be many and varied, 
depending largely upon how the producer 
is made and the basis of its horse-power 
rating. A suction gas producer rated at 
more than 12% pounds of coal per square 
foot of grate area, or area of fuel-bed 
cross-section, is very apt to be too small, 
and a producer so small for the power it 
has to develop that it must be driven to 
furnish sufficient gas will immediately de- 
velop clinker troubles, variable gas 
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troubles or excess CO2. If an attempt is 
made to correct clinker troubles with an 
over-supply of steam, an excess of hy- 
drogen will result, with its attendant en- 
gine difficulties of back-firing, or prema- 
ture explosions. 

Even with a producer of the proper 
size, the regulation of the volume of steam 
or water to the volume of air must be 
closely watched. Too frequent raking of 
the fire will waste good fuel and induce 
draft holes through the fuel bed. Too 
much poking from the top will pack the 
fire and necessitate an increased vacuum. 
Too fine a fuel will produce the same 
troubles, and any coal that fuses easily 
will not do for this type of producer. An- 
thracite running high in slate mixture 
tends to run high in sulphur, and high sul- 
phur with slate makes bad clinkers at any 
time, and if the fire is forced at all will 
soon necessitate a shut-down to clean out. 
The producer should be of ample size— 
10 pounds of coal per square foot of in- 
ternal area—and rated on 1% pounds of 
coal per horse-power-hour. 

The fuel bed should be stirred as little 
as possible either by poking or raking, and 
the generator should be given as much 
steam with the air as the engine will ac- 
cept without trouble. Find the size and 
quality of coal that best suits the 
producer; the dollar a ton saved on 
the cost of coal can be lost several 
times over by stoppages, shut-downs or 
insufficient power. It is not good prac- 
tice to use a suction gas-producer plant of 
over 150 horse-power when the engine has 
to draw the gas from the producer by the 
vacuum inthe cylinder. Sizes larger than 
this should~be equipped with exhaust fans 
which will relieve the engine of this work, 
the exhausters being driven by motors, or 
other auxiliary power. 


THE STEAM-PRESSURE PRODUCER 


This type has an upward draft, the air 
being drawn in around a_ steam _ jet 
through a Korting nozzle of the Bunsen 
type. Anthracite and coke are the only 
kinds of fuel available unless tar extrac- 
tors and other expensive mechanical aux- 
iliaries are provided to clean the gas. 
When the producer is equipped with such 
cleaning apparatus, bituminous coals or 
fuels containing volatile hydrocarbons may 
be used, but as these are condensed and 
washed out of the gas, the thermal effici- 
ency of the producer is reduced to the ex- 
tent of the loss of the heat units contained 


in the extracted hydrocarbons, which are 
the richest part of the fuel. 

With a pressure producer it is neces- 
sary to have gas-storage capacity, so that 
gas-holders must be provided regardless 
of the kind of fuel used, and these must 
hold enough gas to run the engine while 
the fire is being poked and the ashes re- 
moved. Coal is fed through a tightly 
closing hopper on top of the generator, 
and ashes are removed from the bottom 
when the generator is not in operation. It 
is almost impossible to poke or bar the fire 
while the producer is running, as any out- 
let for this purpose will be flooded with 
burning gas escaping under whatever 
pressure the steam jet is maintaining at 
the time. 

Control of the volume of air fed to the 
producer is restricted to the amount the 
injector will draw in, and this varies with 
the steam pressure, as well as with the 
changing conditions in the fuel bed; con- 
sequently, the constituents of the gas are 
constantly changing in response to these 
variations. Since the air and steam are 
forced through the fire under considerable 
pressure, chimneys or blow-holes are of 
common occurrence. Barring from the 
top to stop these holes is blind poking, as 
there is no possibility of seeing what is 
being done, and the jets of burning gas 
around the poke bar make the operation 
one to be avoided unless absolutely neces- 
sary. Usually, the holes are filled by 
feeding in more fuel. 

Blow-holes in the fire are made evi- 
dent to the operator by the appearance of 
the test flame. A blow-hole or passage 
around the walls of the producer by which 
the steam and air get to the top of the fuel 
bed, without coming in direct contact with 
sufficient hot carbon to separate their 
elements, will allow the oxygen of both 
to form a new combination with the car- 
bon, and unless this combination takes 
place in the fuel bed, it will occur above 
the fire with the gas already distilled and 
the gas will burn to carbon dioxide, which 
will be indicated around the test flame by 
a pinkish color. 

A number of these producers use bitu- 
minous coals, and although tests made at 
the Government testing station at St. 
Louis show that this fuel can be used, the 
difficulties encountered must be taken into 


account. 

First, the hydrocarbons are distilled 
from the fresh fuel fed to the producer 
and are carried over with the gas to the 
tar extractor or centrifugal washer, where 
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they are condensed by passing the gas 
through the water in the washer. Both 
the water and the tar are carried to set- 
tling tanks, and to prepare this tar for 
commercial use is another and _ separate 
chemical process. 

Customers who want gas producers and 
gas engines in the place of steam plants 
want them because they are more eco- 
nomical in fuel consumption and _ labor, 
and do not particularly desire to go into 
the chemical business to get that benefit. 
As bituminous coals cake and clinker in a 
producer much more readily and exten- 
sively than anthracite, poking and break- 
ing up these clinkers through a closed top, 
where only close fitting poke-holes are 
available and no opportunity is presented 
to see what is to be done or how to do 
it, or side poke-holes where equally blind 
work has to be done, entail such difficul- 
ties that the utilization of this kind of fuel 
has serious drawbacks. To summarize, 
the trials and difficulties encountered with 
the up-draft steam-pressure producer are 
about as follows: 

With Anthracite 

(a) Inability to see when, where and 
how to poke the fire when the test flame 
shows this to be necessary. 

(b) The feeding of fresh fuel with all 
its dust and fine particles down through 
the volume of gas passing out of the pro- 
ducer to the scrubber. 

(c) The inability to clean out the 
ashes and clinkers while the producer is in 
operation, as no doors or openings can be 
loosed while the steam pressure is on 
without driving the gas and steam into 
the operator’s face. 

(d) The necessity of gas-holders be- 
tween the producers and engines to regu- 
late the supply and the pressure. 

When Bituminous Coals Are Used 

(a) Great waste of the heat units in 
the coal by washing out the by-products, 
and added cost for labor to handle the 
cleansing auxiliaries without adequate re- 
turns. 

(b) Separate boiler to supply the 
steam necessary for the producer, with 
consequent expense for fuel and attend- 
ance. 


THE INDUCED DowN-DRAFT PRODUCER 


In the down-draft producer the gas is 
drawn down through the fire by an ex- 
hauster or fan and forced by the ex- 
hauster through the main to the point of 
use. There is probably more horse-power 
of these producers in use than in all of the 
others put together, but they are mostly 
of large size and the plants only number 
about one-fourth of the total. 

Essentially these are -bituminous-coal 
producers. They are operated with an 
open top, where the fire is seen by the 
operator, and any blow-holes or passages 
in the fire are easily closed by the use of 
the poker or tamping bar, and fresh fuel 
is fed as necessary. The volatile hydro- 
carbons of the fuel, being distilled at the 
top of the fuel bed, mix with the in-drawn 
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air and steam and pass down through the 
bed of incandescent carbon, where they 
combine with the other gases and leave 
at the bottom of the producer as a fixed 
non-condensable gas. This combination 
of gases then passes directly into the bot- 
tom of a vertical tubular boiler and out 
at the top, thence into the bottom of the 
wet scrubber, where the outlet is under 
water to form a seal and prevent the gas 
from returning to the producer. From 
the top of the wet scrubber the gas passes 
to the exhauster and is forced through the 
dry scrubber to the gas-holder. 

This type of producer was originally in- 
tended for a water-gas generator, as pro- 
ducer gas and its uses were practically 
unknown when it was first placed on the 
market. To use bituminous coals instead 
of anthracite for making water gas, two 
generators were installed instead of one. 
Air was drawn down through these gen- 
erators until the fire became a bright in- 
candescence, and the producer gas gener- 
ated was carried to a carbureter where 
it was burned to heat checkered brick- 
work, which in turn supplied the heat to 
volatilize oil for enriching the gas. This 
process brought the fire to the proper 
temperature, and the producer gas helped 
to heat the boiler furnishing steam for 
the second process, which was arranged 
for by closing the top inlets of the pro- 
ducers, changing the valves and reversing 
from a down- to an up-passage in one of 
the two producers. Steam was substituted 
for air at the bottom of this producer, so 
that it passed up through the fire and 
down through the fire of the second pro- 
ducer, thus burning out any of the hydro- 
carbons carried over from the first to the 
second generator. This intermittent pro- 
cess of first blowing up the fire to make 
producer gas and using it ¢o heat the car- 
bureter when oil was to be used to en- 
rich the water gas, or discharging the 
producer gas to the atmosphere when 
water gas only was the product desired, 
was the original purpose of the present 
down-draft gas producer. 

It was found that the un-enriched water 
gas running high in hydrogen was not the 
best kind of gas to use for power pur- 
poses. Gas engines of the medium and 
larger sizes could not use it. It would 
not stand high compression, it back-fired 
and was subject to premature explosion. 
Then the mixing of the gas, which had 
previously been thrown away, with the 
water gas came into use and these outfits 
were recommended and used to generate 
gas for power. Today water gas is still 
made, not because water gas is wanted, 
but because it is necessary to keep the fire- 
bed in proper condition for a week’s run 
without cleansing the producer of the 
ashes and clinkers. 

The boiler, which is a part of the pro- 
ducer installation, supplies a large part 
of the steam necessary for the producer 
and also the amount necessary to run the 


engine driving the exhauster. This steam 
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is made from the heat given up by the 
gas in its passage through the boiler, and 
all heat that is not absorbed by the water 
is delivered up to the wet scrubber. Once 
a week these producers have to be entirely 
cooled down to be cleaned, and as the 
steam pressure in the boiler is down at 
this time, an auxiliary boiler has to be 
provided to start up again. Some time 
during the week, especially toward the last 
days, the fuel beds become so clogged with 
the accumulation of and clinkers 
that water-gas runs have to be made 
every few moments; the load on the en- 
gine driving the exhauster increases and 
both these conditions so increase the de- 
mand for steam that the auxiliary boiler 
has to be brought into use. 

For continuous 24-hour service with 
this type of producer it is necessary to 
have a spare unit in order that it can 
take the place of the one that has been in 
service for a week. A single spare unit in 
an installation of a large number of units 
does not add a very large percentage to 
the original investment, but a spare unit 
to a single outfit nearly doubles the cost. 

Changing from producer gas to water 
gas, with the opening and closing of 
valves, and again changing back in a few 
moments, requires much more labor and 
a higher class of intelligence in this labor, 
with its consequently increased cost, than 
would be necessary if the producer were 
in continuous operation. Producer gas 
from the down-draft type is not usually as 
rich as gas from the up-draft produces, 
because of the passage of the gas down 
through the bed of the fire, which changes 
the constituents of the gas, but without 
losing any of its heat units. It is simply 
a little more water added to the glass of 
whisky. The gas, however, is rich 
enough for use in the gas engine and will 
burn in an open test flame. In fact, it is 
better gas for power purposes than when 
the water gas is mixed with it, but as 
previously explained, the making of water 
gas is one of the necessities of the opera- 
tion. It is, therefore, mixed with the 
producer gas in the proper proportion for 
engine service and consumed in this form. 


ashes 


The difficulties in operating the down- 
draft producer may be summed up as 
follows: 

The difficulty of cleaning which neces- 
sitates a shut-down of several hours be- 
fore the producer thoroughly 
cleaned and a new fire started. 

The necessity for holders, with their 
added first cost, depreciation and repairs, 


can be 


and also the additional cost for protec- 
tion from freezing during the cold 
weather. 


The necessity of making water gas at 
varying intervals to shake up the fire and 
relieve excessive vacuum in the producer. 
The separate holder for storage, with pip- 
ing, valves and fittings for utilizing this 
gas and mixing it with the producer gas 
for use in the gas engine. 

The multiplicity of valves necessary to 
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change from producer gas to water gas 
and back again, the closing and opening 
of the top of the producer during this 
operation, with the necessary labor re- 
quired to do this work in addition to the 
handling of the fuel and other usual atten- 
tions. 

The separate auxiliary boiler to start the 
producer after its necessary shut-down 
and clean-out, also to help out the waste- 
heat boiler when the vacuum on the pro- 
ducer has increased to such an extent 
that frequent water-gas runs must be 
made and when the load on the steam en- 
gine driving the exhauster has materially 
increased. 

The amount of space required for an 
installation calling for two producers, a 
boiler, a wet scrubber, a dry scrubber, an 
exhauster with its steam engine for drivy- 
ing and in addition the two gas-holders 


necessary. 
The types of gas producer in most gen- 
eral use are the three just described, and 





Section A-A, looking 
from Z toward Y. 


FIG. 3. 


in calling attention to their defects and 
the troubles usually experienced in their 
operation, there has been no attempt to 
depreciate their many advantages or de- 
tract from their great merit as economical 
apparatus. Each type has its proper field 
of use, and reference is herein made to 
such difficulties of operation and care as 
the different producer has developed, 
only in order that the improvements or 
changes necessary to overcome or mini- 
mize these defects may be made clear. The 
reader who is investigating this system of 
pewer production must also bear in mind 
that the trials and difficulties of a steam 
plant could be painted in still more vivid 
colors than any herein shown in producer 
practice, if they were not already so 
familiar as to be uninteresting. 





The United States Navy department has 
decided to install oil-burning apparatus on 
only two of five topedo-boat destroyers 
which are being constructed by Cramp & 
Sons. 
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Water Brakes for Testing Steam 
Turbines 


In the testing shop of the Westinghouse 
Machine Company, all turbines are tested 
under the desired conditions of operation. 
The power developed by turbines during 
test is absorbed in a water brake, by 
means of which the actual brake horse- 
power developed can be ascertained with 
accuracy. This method of measur- 
ing the power is far superior to that of 
measuring the load by the generator read- 
ings, the method generally employed. The 
reason for this will be evident, as this 
method avoids the inaccuracies of elec- 
trical testing, the reading of numerous 
instruments requiring calibration and the 
dissipating of large amounts of electrical 
energy at high potential. 

Determining the power by means of the 
water brake requires but two readings, 
the scale reading and the revolutions per 


great 
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notches in its periphery, rotates. The sta- 
tionary casing is fitted with removable, 
cast-steel liners which can be easily re- 
newed when worn. The rotor is also a 
steel casting, and as will be noted, has two 
heavy flanges, one on each side. These 
flanges extend both inside and outside of 
the rim of the wheel. 

As the energy absorbed by the brake is 
converted into heat by the friction of the 
water shock, and eddies formed by the 
water thrown from the impeller striking 
the notches of the stationary portion, it is 
necessary to keep the brake constantly 
supplied with cold water, or the water 
would be soon evaporated, thus reducing 
the amount absorbed by the 
brake. amount of water re- 


oi power 
In fact, the 


quired to give this desired resistance in 
the brake is so small, that at light loads 
the water is evaporated into steam as fast 
as it enters the brake. ; 

To the brake the water is supplied 
through a funnel and a pipe which extends 
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minute, both of which are easily made 
with great accuracy, whereas water rheo- 
stats at best do not give a constant load 
for the turbine. With the water brake, 
however, it is easy to keep the load con- 
stant within one-half horse-power in a 
thousand. 

In addition to the advantages enumer- 
ated, it may be added that this method of 
testing the turbines is less expensive than 
where the electrical and steam tests are 
conducted simultaneously, since it is pos- 
sible, when testing the turbine and genera- 
tor separately, to use the method of sepa- 
rate losses in finding the efficiency of the 
generator at different method 
now acknowledged as the most accurate 
way of obtaining generator efficiency. 


loads—a 


The particular type of water brake illus- 
trated herewith was designed by Francis 
Hodgkinson, chief turbine engineer. As 
will be seen by the illustrations, it con- 
sists simply of a casing with an internally 
notched periphery in which a rotor, with 








AND TRANSVERSE SECTIONS OF BRAKE 


in through the casing and delivers the 
water to the inside of the rotor, the cen- 
trifugal force distributing the water 
evenly around the periphery of the inside 
of the rim, for which purpose the internal 
flanges are provided. The water from the 
inside of the wheel then flows outward to 
the exterior of the wheel through holes 
bored through the partitions of the ex 
ternal part to the interior of the rotor. 
In the brake the action of the water can 
be more easily imagined than described. 
The water thrown from the wheel strikes 
the projections of the stator at very high 
velocity, loses its kinetic energy by trans- 
forming it into heat, falls back onto the 
rotor and is again thrown against the 
stator, this process being repeated until 
the heat generated by impact and friction 
brings the water to the boiling point and 
evaporates it. 
of enormous 
A 


brake of the smallest size, having a diame- 


These water brakes are 


capacity in comparison with their size. 
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ter of but 22 inches and a face of about 8 
inches, is capable of absorbing from 1800 
to 2000 boiler horse-power at 3600 revo- 
lutions per minute. Brakes of this type 
can be designed to absorb any desired 
amount of power, the largest used at the 
Westinghouse plant being capable of ab- 
sorbing about 10,000 boiler horse-power 
at 750 revolutions per minute, or consider- 
ably more at a higher speed, as the power 
absorbed by the brake varies approxi- 
mately as the third power of the peri- 
pheral velocity. 

The accompanying illustrations, Figs. 1 
and 2, show the tremendous eroding 
power of hot water projected against a 
metallic surface at high velocity. Fig. 1 
shows one of these brakes after about 240 
hours’ service at full load, and Fig. 2 after 
service of about half this period. It 
should be noted in this connection that 
the stationary liner in Fig. 1, and the ma- 
terial in Fig. 2, are cast steel, experience 
having shown that the eroding action on 
cast iron is so great that the stationary 
element of some 2 to 2% inches in thick- 
ness has been in a few instances actually 
bored through in about 24 to 48 hours. 

The point at which the water enters 
through the holes in the runner is clearly 
shown in Fig. 1 by the groove cut in the 
central part of the stator, as well as the 
pronounced erosion at the center of the 
stator in Fig. 2. The capacity of the 
brake decreases about 30 per cent. when 
worn to the condition shown in Fig. 1, 
when it is necessary to turn down the 
rotor about % inch and fit a new steel 
liner in the stator. 

Fig. 3 shows longitudinal and trans- 
verse sections of the brake, which with the 
photographs will give a clear conception 
of the construction. 





The University of Michigan, on June 
18, conferred the degree of Doctor of 
Engineering upon Frank E. Kirby. 


ORIGINAL ARRANGEMENT OF PLANT 


An Inconvenient Plant 





By W. H. WaKEMAN 





Fig. 1 illustrates a small steam plant 
visited by the writer a few weeks ago. 
The vertical boiler was conveniently lo- 
cated in the lightest part of the room, but 
a substantial foundation about 7 feet high 
raised the engine above the boiler-room 
level, as shown. The fly-wheel was next 
to the boiler, making it necessary to run 
the engine “under” in order to avoid 
crossing the main belt, or using several 
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crossed belts in the mill. Owing to the 
fact that a crossed belt creates much un- 
necessary friction, wearing the belt and 
destroying the lacings, the plan of run- 
ning the engine “under” was adopted as 
the least of three evils. The arrangement 
not good mechanically, and should 
never be adopted if it can be avoided, 
which was possible in this case. 

Fig. 2 illustrates the same engine and 
boiler as they would appear if arranged to 
the best advantage. The position of the 
cylinder has been reversed so that the en- 
gine runs “over” and it is not necessary 
to cross any of the belts. The crosshead 
will now run without pounding, although 
it may not be adjusted close enough to 
cause unnecessary friction, and the lower 
side of the belt is still the working part, 
just as it ought to be. 

The engine may be located farther from 
the boiler if desired, but it is now an easy 
matter to feel of all bearings without 
climbing a stair. Consequently, if a bear- 
ing begins to heat, there is no excuse for 
failure to discover it before the babbitt is 
melted. The main belt is longer than 
would be necessary with a higher engine, 
but the only objection to this is the first 
cost, which is a small matter. Even this 
will be offset by the cost of stairs that are 
required when the engine is set on a 
higher level than the boiler. 


is 





A flexible glue for attaching leather to 
metals may be made by adding 1 part of 
venetian turpentine to 4 parts of glue. The 
mass is heated in a glue pot as usual until 
it becomes sticky and ceases to give off 
It works best when fresh. 


bubbles. 














FIG, 2. NEW LOCATION OF ENGINE 
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Sizes of Shafts without Mathematics 


Either the Diameter, Stress or Moment Can Be Found for Shafts 


Subjected to Twisting or Bending, or Combined Twisting and Bending 
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The chart on page 1028 affords means 
for rapidly solving problems involved in 
designing or checking shafts having a 
solid, circular cross-section. It is used 
without any numerical computations what- 
ever, and is applicable when the straining 
action is either a simple twisting or bend- 
ing moment, or a combined twisting and 
bending moment. 

This chart can be employed under any 
of the above named straining actions for 
determining : 

1. The diameter of a shaft for known 
moments and given intensity of stress. 

2. The intensity of the stress in a given 
shaft under known moments. 

3. The moment in a given shaft cor- 
responding to any intensity of stress. 

The chart as drawn covers all possible 
moments and shaft diameters and all in- 
tensities of stress up to and including 
15,000 pounds per square inch; it is pos- 
sible that more convenient scales might 
be chosen to cover a certain restricted 
range. 

The construction of the chart is based 
upon the familiar formula 

T= — d* f, (1) 
in which T = the twisting moment in inch- 
pounds; f =the intensity of stress in the 
outer fibers in pounds per square inch; 
and d=the diameter of the shaft in 
inches. 

From equation (1) we derive 


T = (0.196 d*) f (2) 


from which it appears that for a given 
diameter of shaft T is directly propor- 
tional to f. When d is a constant it is 
apparent that equation (2) is the equa- 
tion of a straight line. 


CONSTRUCTION OF THE CHART 


Let the vertical scale of the diagram 
(Scale A) represent moments in 10,000 
inch-pounds; for example, the ordinate 
corresponding to o—g of the scale is 
taken to represent a moment of 90,000 
inch-pounds. The upper horizontal scale 
(Scale B) represents intensities of stress 
in 1000 pounds per square inch. 

If a shaft four inches in diameter is 
subjected to a stress of 10,000 inch-pounds 
under the action of a twisting moment, 
it is found by equation (2) that this mo- 
ment is 7 = 125,500 inch-pounds. The 
point marked a is located so that its or- 
dinates are 125,500 (corresponding to T) 
and 10,000 (corresponding to f); there- 
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fore, from equation (2), a straight line 
drawn through this point a and the origin 
O gives all relations between T and f for 
a 4-inch shaft for moments not exceeding 
130,000 inch-pounds. In a similar way 
other such diagonal lines can be drawn for 
shafts of other diameters by locating a 
single point for each; the chart as shown 
was so constructed. 

It will be noted that the diagonal 
through the point a bears the three num- 
bers, 0.862, 1.86, 4.0; likewise, each of the 
other diagonals bears three numbers. 
The purpose of these is to enhance the ac- 
curacy of the diagram for a given size of 
sheet and to extend its range. 

With a twisting moment of 12,550 inch- 
pounds and a stress of 10,000 pounds per 
square inch the diameter of the shaft is 
1.86 inches. 

The second number on the diagonal 
through a is 1.86, which is the diameter of 
shaft corresponding to that diagonal when 
Scale A is taken in moments of 1000 inch- 
pounds, or 1/10 those used in illustrating 
the construction of the diagram. 

With a twisting moment of 1255 inch- 
pounds and a stress of 10,000 pounds per 
square inch the diameter of the shaft is 
0.862 inch. 

The third number on the diagonal 
through a is, therefore, the diameter of 
shaft corresponding to that diagonal when 
Scale A is taken in moments of 100 inch- 
pounds. 

Suppose the moment T = 1,255,000, or 
1000 X 1255. It has been shown that with 
a moment of 1255 inch-pounds and a 
stress of 10,000 pounds per square inch 
d = 0.862; therefore, with this same stress 
and a moment of 1000 * 1255, or (10)* 
1255, the diameter is equal to the cube 
root of 1000 times 0.862, or 8.62 inches. In 
a similar way, if the moment is 12,550,000 
or 1000 X 12,550, the diameter is 10 X 18.6 
inches, etc. 

It thus appears that the range of the 
chart is unlimited as to moments applied 
to shafts; it can be used by observing the 
following rule as to Scale A: If the fig- 
ures on Scale A are taken as represent- 
ing twisting moments of 100 inch-pounds 
the smallest numbers on the various diag- 
onals give corresponding diameters of 
shafts. If Scale A is taken as represent- 
ing moments of 1000 inch-pounds use the 
intermediate numbers on the diagonals 
as representing shaft diameters. If Scale 
A is taken as moments of 10,000 inch- 
pounds use the largest numbers on the 
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diagonals. If Scale A is taken as moments 
of 100,000 inch-pounds use the smallest 
numbers on the diagonals with the deci- 
mal point moved one place to the right, 
and so on. 


Use oF THE CHART FOR SIMPLE TWISTING. 
MoMENTS 


1. Suppose it is required to determine 
the diameter of a shaft for a twisting mo- 
ment of 90,000 inch-pounds with a fiber 
stress intensity of 12,000 pounds per 
square inch. Scale A is taken as repre- 
senting moments of 10,000 inch-pounds. 
The point 9 on Scale A corresponds to 
T = 90,000 inch-pounds; the point 12 on 
Scale B corresponds to f = 12,000 pounds 
per square inch. The horizontal through 9 
on Scale A and the vertical through 12 on 
Scale B intersect at the point marked b, 
which lies somewhat below the diagonal 
bearing the number 3.4 at its outer end. 
This indicates that the required shaft is 
rather less than 3.4 inches in diameter; or 
that the shaft should be about 334 inches 
in diameter. 

If the moment had been 900,000 inch- 
pounds (Scale A representing moments of 
100,000 inch-pounds) the point b would 
correspond to a diameter of rather less 
than 10 X 0.732, or 7.32 inches, or by in- 
terpolation it would be found to be about 
7.25 inches. 

2. Suppose it is required to find the 
intensity of stress in a 1.5-inch shaft un- 
der the action of a twisting moment of 
7500 inch-pounds. Scale A is now taken 
as representing moments of 1000 inch- 
pounds. Passing horizontally from 7.5 
on Scale A to the diagonal marked 1.49 
(using the intermediate number on the 
diagonal) the point c is located. Passing 
upward to Scale B we get, by interpola- 
tion, a stress of about 11,700 pounds per 
square inch. 

3. Suppose it is required to find the 
twisting moment which will produce an 
intensity of stress of 7500 pounds per 
square inch in a shaft 9 inches in diam- 
eter. Start at a point on Scale B half 
way between 7 and 8 and pass downward! 
to point d, slightly below the diagonal 
marked 0.905 — 1.05 —4.2; thence hori- 
zontally to Scale A where the reading is 
about 10.75. Since the given diameter is 
9, or 10 X 0.9, the scale of moments is 


_3 

10 X 100 = 100,000 inch-pounds, and 
the required moment = 1,075,000 inch- 
pounds. 
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C 
Simple Twisting Moment used only to find Equivalent Twisting Moment. 
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Intensity of Fibre Stress. Each Numbered Division equals 1000 Pounds per Square Inch. 
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Use OF THE CHART FOR SIMPLE BENDING 
MoMENTS 


The expression for a bending moment 
M is 


M=——d'* f, (3) 
32 


while the expression for a twisting mo- 
ment is, as given above, 


a 


a 


a* f. 

Therefore, for a given shaft diameter and 
numerically equal fiber stress, T is numer- 
ically equal to 2M. To use the chart for 
known bending moments with solid cir- 
cular sections, it is only necessary to mul- 
tiply M by 2 to find the equivalent twist- 
ing moment 7, or the twisting moment 
which will produce the same numerical 
stress as the given bending moment. If 
the diameter and stress are the known 
quantities, solve as for a shaft subject to 
twisting and divide the moment found by 
2 to determine the bending moment which 
corresponds to the same numerical stress. 


UsE oF THE CHART FOR COMBINED BENDING 
AND TWISTING MOMENTS 


When a shaft is subjected to combined 
bending and twisting moments, the equiv- 
alent twisting moment 7, which will give 
a stress numerically equal to the resultant 
stress, is 


Th=M+y W+T. (4) 


This equivalent twisting moment is 
easily determined by the aid of Scale C 
at the bottom of the diagram (which is 
similar to Scale A) and a pair of dividers; 
if the simple bending moment M and the 
simple twisting moment T are known. 

The use of the chart for this case is 
best explained by an example. If M= 
30,000 inch-pounds, T = 40,000 _ inch- 
pounds and f = 13,000 pounds per square 
inch, find the shaft diameter. Scales 4 
and C are taken to represent moments of 
10,000 inch-pounds. Take M at 3 on 
Scale A with one point of the dividers 
and T at 4 on Scale C with the other point 
of the dividers; then the distance between 
the divider points, or the distance between 
3 of Scale A and 4 of Scale C, represents 


| me4+ 72, 
\ 


Swing the dividers about point 3 on 
Scale A as a center until the other point 
rests on Scale A (at point 8); then o— 
—8 on Scale A= (o——3)+ (3-- 
—s=— 


vey PET = 7. 


With the value of the equivalent twist- 
ing moment 7., proceed as in the case 
of a simple twisting moment. The inter- 
section of the horizontal through 8 of 
Scale A and the vertical through 13 of 
Scale B (corresponding to the stress of 
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13,000 pounds per square inch) is at the 
point e, and since the moments correspond 
to units of 10,000 inch-pounds on Scale A, 
the numbers on the adjacent 
diagonals are to be used. It is thus found 
that the required diameter is between 3 
and 3.2 inches and by interpolation it will 
be found to be about 3.15 inches. 

The same rule as given for simple 
twisting moments, in connection with the 
scale of moments, applies to the equivalent 
twisting moment and 
interpretation of the numbers on the va- 
rious diagonals. 

If the problem is to find the equivalent 
stress on a shaft of given diameter under 
the combined action of known bending 
and twisting moments, proceed as in the 
example just given to find the equivalent 
twisting moment; then for a 
simple twisting moment. 

If the intensity of stress and the shaft 
the the 
solution for the equivalent twisting mo- 
ment is similar to that for the corres- 
ponding case of a simple twisting mo- 
ment. The simple bending and twisting 
moments which correspond to this equiv- 
alent twisting moment are, in general, in- 
determinate; since 
number of 


largest 


governs as_ to 


solve as 


diameter are known elements, 


indefinite 
values of M and T 
which will give the particular value of 7 
when combined according to equation (4). 


there is an 


sets of 


The bending moment M equals % T 
when T = O, and M may have any value 
not exceeding % 7. The twisting mo- 
ment T equals 77 when M = O, and T 
may have any value not exceeding 72. 

If either W or T is known the solution 
is definite and can be made directly, and 
if the ratio between M and T is known 
the solution can be obtained by a 
trials with the 
been found. 


few 


dividers, when 7 has 


RuLes ror USING THE CHART ON 
PAGE 1028 


This chart is applicable to the solution 
of problems in connection with solid cylin- 
drical shafts, subjected to twisting, bend 
ing, or combined 
moments. 


twisting and bending 
It can be used without any 
numerical computations whatever for de- 
termining the following factors: (1) The 
diameter of a shaft for giyen moments 
and intensity of fiber stress. (2) The in- 
tensity of the stress in a given shaft under 
known moments. (3) The moment in a 
given shaft corresponding to any intensity 
of stress. 

As plotted it covers all possible mo- 
ments and shaft diameters, and all in- 
tensities of stress up to and including 
15,000 pounds per square inch. 

a. To find the required diameter of a 
shaft for a given twisting moment and a 


given intensity of stress: Scale A repre- 


sents the twisting moment in inch-pounds. 
Each numbered division may represent 
100, 1000 or 10,000 inch-pounds, as the 
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nature of the problem demands. Scale B 
represents the intensity of the fiber stress 
and each numbered 
pounds 
points on the Scales 


division represents 
inch. Locate 
A and B correspond- 
ing with the quantities given in the prob- 
lem. 


1000 per square 


From these points erect perpendicu- 
lars to the scales and find their point of 
intersection. If this point falls on one of 
the diagonals, the shaft diameter required 
will be the smallest quantity given on the 
diagonal if each numbered division on the 
A-scale has been taken as 100 inch-pounds 
of the twisting moment. If each division has 
been taken to represent 1000 inch-pounds 
of the moment, the shaft diameter will 
be the intermediate number on the diag- 
onal. Similarly, if each division has been 
taken to represent 10,000 
of the the shaft diameter will 
be the quantity given on the 
diagonal. If the point of intersection of 
the perpendiculars does not fall on a diag- 
enal the values for a diagonal through 
that point can be obtained by interpola- 
tion. 

b. 


inch-pounds 
moment 


largest 


To find the intensity of stress for a 
shaft of given diameter and acted upon by 
a given twisting moment: Find the diag- 
onal corresponding to the shaft diameter 
or interpolate for its position. Determine 
the point on the A-scale representing the 
twisting moment, letting each numbered 
division represent 100 inch-pounds of mo- 
ment if the smallest quantity on the diag- 
onal represents the diameter given, or 
1000 inch-pounds if the diameter is repre- 
sented by the intermediate quantity on the 
diagonal, or 10,000 inch-pounds if the 
represented by the largest 
number on the diagonal. Trace a horizon- 
tal from this point on the A-scale until it 
intersects the diagonal representing the 
diameter. From this point of intersection 
trace a vertical until it intersects the B- 
scale. This last point of intersection will 
represent the intensity of stress required. 

c. To find the twisting moment which 
will produce a given intensity of stress in 
a shaft of a given diameter: Locate on 
Scale B the point representing the inten- 
sity of stress which is given and drop a 
perpendicular until it intersects the diag- 
onal representing the diameter of the 
shaft. If necessary interpolate for the 
position of this diagonal. 
of intersection trace a horizontal until it 
intersects the A-scale. The point thus 
found represents the twisting moment re- 
quired. 


diameter is 


From this point 


Each numbered division equals 
100 inch-pounds if the smallest quantity 
on the diagonal represents the shaft diam- 
eter, or 1000 inch-pounds if the inter- 
mediate value on the diagonal represents 
the shaft diameter, or 10,000 inch-pounds 
if the largest value on the diagonal repre- 
sents the shaft diameter. 

d. To find the required diameter of 
a shaft for a given bending moment 
and a given intensity of fiber stress: 
Multiply the given bending moment by 2 
and proceed as under a. 


ce. To find the intensity of stress in a 








Pi 
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shaft of given diameter acted upon by a 
given bending moment: Multiply the 
given bending moment by 2 and proceed 
as under b. 

f. To find the bending moment im a 
shaft of given diameter and under a given 
intensity of stress: Solve as under c and 
divide the moment thus found by 2; the 
quotient will be the bending moment re- 
quired. 

g. To find the diameter of a shaft re- 
quired for a given combined Iwisting and 
bending moment and with a given in- 
tensity of fiber stress: Lay out the value 
of the bending moment on Scale A as out- 
lined for the twisting moment under a. 
Similarly, lay out the twisting moment on 
Scale C, using the same value for each 
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for the intensity of stress as indicated 
under b. 

i. To find the equivalent twisting mo- 
ment for a shaft acted upon by a com- 
bined twisting and bending moment hav- 
ing given the diameter of the shaft and the 
intensity of the fiber stress: Use the 
method outlined under c for a simple 
twisting moment; the result will be the 
equivalent twisting moment. For a given 
equivalent twisting moment there will be 
an indefinite number of sets of values for 
the simple twisting and bending moments. 
If either M or T is known, the solution 
can be made directly. If the ratio of 
these moments is known, their values can 
be found by trial with the dividers by 
using the chart. 
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Bursting and Collapsing Pressures 
of Boiler Tubes 





By Utricu Peters 


Experiments and researches undertaken 
by Sir William Fairbairn, D. K. Clark and 
Prof. Reid T. Steward were conducted 
only for the ultimate results, and under 
conditions varying very much from actual 
practice. The formulas recommended by 
these authors, therefore, do not take into 
consideration the factor of safety, the unit 
stress per square inch, and the tempera- 
ture. The factor of safety is of great 
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FIG. I. STRENGTH OF METALS AND ALLOYS AT VARIOUS TEMPERATURES 


scale division as was used for each divi- 
sion of Scale A. Set a pair of dividers as 
shown on the chart to the length between 
these two points. Add this length, to whick 
the dividers have been set, to the length 
previously plotted on the 4-scale. The 
point thus found will represent the value 
of the combined twisting and bending mo- 
ment or the equivalent twisting moment. 
Use this point in the same way as the 
point representing the twisting moment 
was used under a and solve for the shaft 
diameter. 

h. To find the intensity of stress for a 
shaft of given diameter, acted upon by 
given combined twisting and bending mo- 
ments: Find the equivalent twisting mo- 
ment as outlined under g; then solve 


The range of the chart can be still fur- 
ther increased by giving larger values to 
each numbered scale division of Scale A. 
If each scale division of Scale A repre- 
sents 100,000 inch-pounds of moment the 
corresponding shaft diameter is ro times 
the smallest quantity on the corresponding 
diagonal. If each scale division of Scale 
A represents 1,000,000 inch-pounds of mo- 
ment the corresponding shaft diameter is 
10 times the intermediate quantity on the 
corresponding diagonal, and so on. 





Beware of him who dealeth in fairy 
tales about his fellow workers, and for 
them maketh life difficult, for he is already 
putting salt on the tail of a blue envelop. 
—ELpert HuBBARD. 


practical importance in the proportioning 
of tubes subjected to intense heat and 
steam pressures. 

Old and new investigations on the 
strength of metals at various temperatures, 
conducted by C. Bach, Kollmann and 
others, are shown in the diagram, Fig. 1. 
For instance, cast iron having an ulti- 
mate strength of 20,000 pounds per square 
inch under normal temperature, will show 
a tensile strength of 0.65 X 20,000 = 13,000 
pounds per square inch when heated to 
1000 degrees Fahrenheit, while wrought 
iron of 50,000 pounds tensile strength will 
have at 1000 degrees Fahrenheit the same 
strength (0.26 X 50,000) as cast iron. 

A convenient and sufficiently reliable 
formula for thin cylinders or tubes under 
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bursting or internal pressure is the sim- 
ple Mariotte formula: 


Pd 


ees ie 





The absence of a more convenient and 
practical formula for tubes subjected to 
collapsing or external pressure led the 
writer to the development of the follow- 
ing formulas, which agree closely to the 
ultimate test results conducted by the 
above named experimenters, when substi- 
tuting for S (40,000 to 50,000) the elastic 
limit : 


7 =0.2 D bor to o 28 D \-s— 


For commercial pipes and tubes of from 
I to 12 inches in diameter, use the formula 
with 0.2 as coefficient; for plain riveted 
tubes up to 5 feet in diameter the latter 
coefficient, 0.28, should be used. 

In the equations, T signifies thickness 
of tube; d, inside diameter; S, stress in 
material per square inch; D, outside 
diameter; P, pressure per square inch. 


EXAMPLE 


Assume that a 3-inch bessemer-steel fire 
tube, Fig. 2, of T = 0.12 inch thickness, is 


iP. 
y 420, 2000° F. 


apn Fs 
eZ by» 
* 









4 





350 F. 
2000 F. 


> 120 Ibs. 


FIG. 2. FIRE TUBE FIG. 3. WATER TUBE 
subjected to a steam-gage pressure of 
P = 120 pounds per square inch, and the 
tube is heated between 350 and 2000 de- 
grees Fahrenheit. What is the factor of 
safety? 

First, multiply the ultimate strength of 
the material, which is, say, 55,000 pounds 
per square inch, by 0.4, the mean factor 
of strength taken from the diagram, Fig. 1, 
between 350 and 2000 degrees Fahrenheit. 
The actual strength of the steel when 
heated is then 0.4 X 55,000 = 22,000 pounds 
per square inch. 

Transposing formula 


T=0.2 D V-s- 
to 


om (<p 


T 2 
Ss 
and substituting the values given, the col- 
lapsing pressure figures 
0.12 


2 
= {| —_————__}_ 22,000 = 0.04 x 22,000 = 880 
P ( 0.23 ) x 


pounds per square inch, which means a 
factor of safety of 
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EXAMPLE 
Assume that a 3-inch bessemer-steel 
water tube, Fig. 3, of like thickness, is 
subjected to same temperature and pres- 
sure as under Example 1. What is the 
factor of safety in this case? 
From Mariotte’s formula, the bursting 
pressure is: 
2TS 2 0.12 x 22,000 


ees 3 — 0.24 ‘ 


_5280_ — 1920 
2.76 
pounds per square inch, and the factor of 
safety is: 
1920 
tno” = 36. 
As the safety factors under Examples I 
and 2 are based on the ultimate strength 
of the material, and the tube is likely to 
fail by reaching the elastic limit, it neces- 
sitates the introduction of a further cor- 
rection. To obtain a guaranteed factor of 
safety, the elastic limit of the material 
must be known at high temperatures. It 
is very probable that the elastic limit 
changes in proportion to the variation of 
the strength. Assuming, therefore, in the 
examples, the elastic limit to be normally 
40,000 pounds, the guaranteed factor of 
safety under Example 1 would be 
40,000 


7.3 X 55,000 = 5.!, 


and similarly under Example 2, 


16 ¢ 401000. 
55,000 


11.6. 


This illustration shows clearly that high 
ultimate normal strength in a tube is not 
the only determinative factor to the safety 
of a tubular boiler, in consideration of the 
different degrees of firing and other ab- 
normal conditions causing failures and 
explosions. 





The Anti-Smoke Convention 


The program for the third annual con- 
vention of the International Association 
for the Prevention of Smoke, held at 
Cleveland, Ohio, June 24, 25 and 26, in- 
cluded the following papers: “Chemistry 
of Combustion,” by Prof. C. F. Mabery; 
“Fuels of the United States,” by Prof. N. 
W. Lord; “Gas Engines and Gas Pro- 
ducers,” by Prof. R. H. Fernald; “Fuel 
and Boiler Room Economics,” by Prof. C. 
H. Benjamin; “The Legal Side of the 
Smoke Question,’ by W. E. Mook; “Me- 
chanical Stokers,” by H. W. Woodward; 
“Steam Jets.” by A. W. Puddington; 
“Central Station for Power and Heating,” 
by P. L. Cobb; “City Supervision of New 
Boiler Plants,” by Paul C. Bird; “Air 
Cleansing Apparatus as Applied to Round 
Houses and Blast Furnaces,” by W. E. 
Taylor; “Stationary Plants,” by D. C. 
Walmslee; “Relation of Government Fuel 
Investigation to the Solution of the Smoke 
Problem,” by D. T. Randall; “Railroad 
Smoke,” by John Krause. 
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Catch Questions and Prevarication 


By WILLIAM WESTERFIELD 


In a recent issue of an engineering 
paper a contributor gives his experience 
with a Massachusetts examiner. Ques- 
tions asked by the examiner, and the 
answers of the applicant are given. The 
examiner asks: “What lap would you 
give the valves of a Putnam engine?” As 
this engine has poppet valves they can 
have no lap, hence the examiner states to 
the applicant a falsehood by implication. 
Such questions, and the manner of put- 
ting them, fill sensible people with dis- 
gust. Is it essential, in order to learn 
what a man knows or don’t know, to put 
questions to him in the form of false- 
hoods? Is lying ever really justified? Is 
it less dishonorable for an inspector or ex- 
aminer to lie than for anyone else? 

Another query is: “Which valve is 
liable to slam in cross-compound engines 
and how would you remedy it?” The 
answer given is: “Lengthen the low-pres- 
sure cut-off.” In this case in plants where 
load varies frequently we would, I pre- 
sume, employ a_ special adjuster who 
should do nothing but take care of this 
particular Again: “How 
much faster does the cam-shaft run than 
the crank-shaft on a Putnam engine?” 
Here is another falsehood, as the crank- 
shaft runs the faster, two to one. Such 
emanations as these would stamp the ordi- 
nary man an empty-headed dolt. Perhaps 
not so with these arbiters of the fates of 
engineers. 

Another inspector I knew of asked a 
fireman what he would do if he had a full 
load of steam on a boiler and one of the 
man-heads should fall in. 
plied: 


proposition. 


The fireman re- 
“Tf I had a man-head that would 


.do such a crazy trick as that I would bring 


it to the inspector as soon as I recovered 
it so that he could look upon a kindred 
spirit.” 

Again: “Is there 
shaft governors ?” 


any difference in 
Who but an unmiti- 
gated dunce, having any knowledge what- 
ever of engines, couid fail to answer this 
question correctly ? 

I have little use for catch questions. 
Every catch question is really a falsehood. 
It is a question stated in a manner pur- 
posely wrong and intended to mislead. 
They have no place in a common-sense 
examination. They are the stock in trade 
of knownothings. I once knew a bril- 
liant(?) young man on an examining 
board, who could do two things as well 
as any I ever knew, viz, smoke cigarettes, 
exhaling the smoke through his nostrils, 
and ask catch questions. 





The man who does too much patching 
on belts and machines that ought to be re- 
placed with new ones, is likely to soon 
wear patched trousers for lack of profit 
enough in his business to buy new ones. 
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from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





WE PAY FOR USEFUL 


Carbon Packing in Curtis Turbines 





Mr. Worth’s criticism, on page 862 of 
the June 2 number, explains very well the 
difference in principle between the two 
types of packing used on the vertical tur- 
bines. This, however, should be slightly 
modified. 

The sentence at the end of the fourth 
paragraph, “The openings will, of course, 
be 120 degrees apart, and as there are 
three rings to each side, the anchors are 
naturally 120 degrees apart,” should be 
added to paragraph 3, where it applies. 

The clearances specified in paragraphs 
7 and 11 are not sufficient. It would be 
safer to simply state that the rings of this 
“type B” must be a free sliding fit on the 
shaft when hot. This will then cover 
shafts of all sizes. 

Cylinder-oil should not be used on car- 
bon rings where they are a sliding fit in 
the casing, which type of packing is used 
om some machines, as the oil carbonizes 
and causes the rings to bind; and in other 
types of packing it should be used spar- 
ingly. : 

E. D. Dickinson, 
Turbine Engineering Department, 
General Electric Company. 





Valve Chambers without Decks 
for Pumping Engines 





In the April 21 number, there were 
shown on pages 610 and 611, sections of a 
defective type of valve chamber for a 
pumping engine, together with suggestions 
as to the best method of reinforcing the 
decks without removal of the chambers. 

The subject as illustrated will without 
doubt be of interest to readers who have 
to do with this class of machinery; but 
while the suggestions as to the best way 
to apply the bracing is ingenious, the fact 
should not be overlooked that the flat 
decks in valve chambers of pumping en- 
gines are always an element of weakness, 
and their use should be avoided where 
ever possible. 

Specifications for up-to-date pumping 
engines require that the valve decks be 
made separable and of cast steel. In 
cases of valve chambers fitted with valves 
grouped in cages, they are vastly superior, 
as regards strength, to those having flat 
decks fitted with numerous small valves, 
and small valves are essential for obvious 
reasons; as then the deep-rib system is 


made effective, without regard to any sup- 
port that may be had from the thick flat 
decks. 

The writer has given some study to the 
above type of chambers, the result of 
which is shown in the accompanying 
drawing. This is a section through one set 
of valve and pump chambers of a 6,000,- 
o00o-gallon vertical, self-contained, triple- 
expansion, crank-and-fly-wheel type of 
pumping engine, which shows clearly how 
the valve cages are fitted to the chambers 
without decks, providing a greatly in- 
creased valve area over that of the or- 
dinary method. The cages are steel cast- 
ings of cellular construction, fitted with 3- 
inch valves. Both cages are put in place 
through the large openings at the end of 
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Reinforcing the Arch of a Dutch 


Oven Furnace 





In operating boilers using a dutch-oven 
furnace the life of the arch can be greatly 
lengthened by springing a second arch 
over the main arch, where it extends un- 
der the headers and tubes, in order to re- 
lieve the main arch of the weight of 
brickwork between it and the bottom of 
the headers. 

The back end of the arch is the first to 
settle and it usually gives way entirely, 
while the balance of the arch is good as 
ever. The flames striking at this point, 
as they are turned upward, soon cut away 























Longitudinal Section 


VALVE 
the chambers, which are fitted with 
dished heads having manhole doors swing- 
ing inward for the inspection and renewal 
of valves. The cage on: the suction side 
is securely held in place by the dished 
heads. The cage on the discharge side 
is held in place by a steel ring in halves, 
bolted to the chamber. It will be clear 
that the cages are readily removed and 
replaced whenever occasion may require 
it, without disturbing any part supporting 
the engine. 

The system of valve chambers without 
decks lends itself readily to pumping en- 
gines of the horizontal type, enabling the 
designer to avoid all flat surfaces having 
internal ribs or bracing. . 
W. Morton. 
Syracuse, N. Y. 


CAGES FITTED WITHOUT DECKS 


the brick, weakening the arch and, if it 
carries the weight of the brickwork above, 
it will be forced down by this weight and 
soon destroyed. 

If, however, there is a second arch above 
it to carry this extra weight, the back end 
of the main arch can be almost cut 
through before it will settle to any ex- 
tent. It will therefore last much longer. 

Another bad feature is that in settling, 
the brickwork is pulled away from the 
headers, and large volumes of cold air 
rush in and strike the headers and tubes; 
but with the second arch this does not 
happen, as the flames do not have the 
cutting effect upon it. 

H. W. GINaven. 

Springfield, O. 
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Defects in Crosshead Construction 


Crosshead design is an interesting sub- 
ject, as there are many points which are 
not worked out as they should be. One 
of these points is the rod connection 
shown in Figs. 1 and 2. The design in 
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heads are made with the two sides hav- 
ing much less surface than that exposed 
to the pin by the brass box, and only the 
pressure of the nut and a small dowel 
pin to hold them in place. Consequently, 
as soon as the box gets hot, the pin at 
once commences to work in the seat and 
ruins the crosshead. This style of cross- 


Ait ~ : 
rH © 


—— 





FIG. I FIG. 2 

Fig. I is poor, and the connection usually 
breaks at G when a severe strain comes 
upon it. Fig. 2 is much better, and should 
be used more frequently. 

In Fig. 3 we have another box form of 
crosshead, which is good construction, but 
would be still better were it designed as 
shown in Fig. 4. Here the pin is more 
central with the shoes, making a cross- 
head that will wear better as the strain or 
thrust of the connecting-rod is thrown 
upon it. 

In Fig. 5 is another feature often found 


FIG. 3 





: iD 


FIG. 5. 








head should be given plenty of surface, as 
shown at B. 

Another form of crosshead is shown in 
Fig. 7. This construction is much used, 












































in practice. In the end of the crosshead 
the metal P is made too thin, causing the 
end to give way from a sudden shock. 
More metal should be allowed at this 
point, as it is on the shear and will not 
stand as much as the boss for the piston- 
rod. 

In Fig. 6 we have under consideration a 
very important point in the construction 
of the crosshead, a comparison of A and 
B, or the distance through the side of the 











wt 


box crosshead forming the bearing for the 
pin. This point is much neglected and 
many crossheads are made as shown at 
A, not allowing sufficient surface for the 
seating of the crosshead pin, which soon 
allows the pin to work loose in the taper 
fit and cause trouble. Many of the cross- 





FIG, 9 
] 
y) 
7 
| y 
Naseer 
FIG, 10 


but it is an accepted fact that the fewer 
the parts in a crosshead the better it will 





wear. Upon this account, Fig. 7 cannot 
be strongly recommended. 
“IC ike | 
= N Cc 
D 
FIG. 13 FIG. 14 


In Fig. 8 and 9 we have the old form 
of cast-iron crosshead, using the four 
guide bars. The one in Fig. 9 is better 
construction as it is made deep enough to 
allow the insertion of a steel pin M. As 
shown, the pin can be readily replaced or 
dressed at will. 
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There is one fault in crossheads that is 
very general, and that is making them too 
short. If the wearing surface was twice 
as long, it would reduce the friction of the 
engine and allow the crosshead to run 
much longer withcut adjustment. 

In Fig. 10 is shown another fault often 
found in box-crosshead construction, and 
that is making the light and 
allowing the crosshead to spring in, as 
shown by the dotted lines. 


sides too 

Pins for box 
crossheads are in many cases badly made. 
In Fig. 11 are two forms of pin, E and 
D. These have a continuous taper which 
is all right, but the pin E will wear down 





FIG. 0 


a shoulder at X and cause trouble in re 
moving the pin from the engine. This is 
clearly illustrated in Fig. 12 by the lines 
E representing the original diameter of 
the pin and the inner lines the worn size 
The pin D, in Fig. 11, has the shoulder H 
as clearance for such wear, making it a 
better pin. The taper should be contin 
uous so the pin will draw tight in its seat. 

In Fig. 13 we have the flat-shoe cross- 
head which has proven very satisfactory 
in practice, as it oils well, is simple and 
there are no parts to work loose. 

One of the largest engine builders has 
adopted the style of crosshead shown in 
Vig. 14, of the 
The wearing 


which is a modification 
crosshead shown in Fig. 13. 
surface is made convex, as shown at D. 
This, however, is not as good as a flat 
surface, as the crosshead has not the play 
a fixed-guide engine would have, owing to 


will hold 


seat it 


the fact that the bearing bar C 
the crosshead to its place and 
against the convex surface D. It can 


readily be seen by the practical engineman 


that the oil will not lay on a concave sur- 
face as well as on the flat guide, as the oil 
will tend to flow to the lower point. This 
construction is evidently made for the 
manufacturing reason that the guide can 
be placed in line with the flange for bolt- 
ing the cylinder to, and thus save time 
in bringing the line of the engine right. 
3eyond this there is no advantage in this 
construction. The crosshead that has 
given the best results is the one made of 
the fewest parts. 
C. R. McGaHey. 
Lynchburg, Va. 
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What Caused the Kinks 





Referring to the letter on page 869 of 
the June 2 number, under the caption, 
“What Caused the Kinks?” I note a dia- 
gram very similar to some that bothered 
me. My diagrams all showed the same 
sort of a kink in the expansion line, and I 
followed the thing up until I discovered 
that the man taking the cards put too 
much pressure on the pencil. As a result 
of this pressure the pencil lever was bent 
just enough to strike the support. This 
stopped the vertical travel of the pencil 
long enough to produce the kinks before 
the lever slid by the support. 

It may not be the correct explanation 
for the diagram submitted by Mr. Hagen, 
but it explains how similar kinks have 
been produced in other cases. Whenever 
a diagram shows a peculiar, decided hump 
in one of the lines, and the explanation 
does not follow from the action of the 
machine, I find it a good plan to examine 
closely into the indicator and connections. 

H. M. CuHase. 

Holyoke, Mass. 





Emergency Repairs 





At one time the writer was operating a 
Brown Corliss engine, which, due to cer- 
tain conditions such as insufficient boiler 
capacity, trapped headers and peak loads 
of an obsolete plant, broke its cast-iron 
crank into three pieces, as shown at C, 
Fig. 1. 

The plant had several hundred cus- 
tomers relying upon it for light and 
power, and was taxed to its capacity on 
a 24-hour basis, except a light load every 
Saturday afternoon and Sunday. Any re- 
pairs that had to be done, must be accom- 
plished at this period. 

There were no auxiliary units as a re- 
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short space of time, especially on Satur- 
day and Sunday, I decided to get the 
crank brazed. This gave me a larger 
bore, so the crank had to be rebored and 
bushed after it was brazed. The brazing 
company wanted to guarantee that it 
would not break again where the brazing 
was done, but I would not risk it, and 
consequently after it was brazed I had 


is) 

















FIG. I. BREAK IN CRANK 


forged a wrought-iron strap ring and 
shrunk it on, as shown at B, Fig. 1. 

In giving instructions to the machine 
shop I insisted that they be very accurate 
in lining up the crank on the boring 
table or face-plate, and to be sure that the 
hole they bored was parallel to the wrist- 
pin. This order, however, was disre- 
garded, as I will explain later on. 

The machine work having been all fin- 
ished by Sunday at 4 p.m., the crank ar- 
rived at the plant and apparently all that 
seemed necessary was to assemble it in 
place, fit the new key and try it out. But 
our troubles were just beginning. Upon 
starting up the engine and running not 
over 10 revolutions per minute, the crank- 
pin became smoking hot. We immediately 
shut down, and naturally supposing the 
wedge key was a little too tight, loosened 
up on it, but to no avail. We could not 
run the engine at any speed and keep the 








serve to meet these emergencies, there- crank-pin cool, notwithstanding it was 
oa a IN 
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FIG. 


fore, when the crank broke, the first 
thought to the one in charge was to get 
a new crank or get the broken one fixed, 
no matter what the cost. The accident 
happened Saturday near the noon hour, 
and the engine must run Monday 
morning. 

As it was out of the question to get a 
new crank cast, bored and fitted up in this 


Reaction due to 
Water in Cylinder 











3. CAUSE OF BREAK ILLUSTRATED 


very loose on the pin. I soon came to the 
conclusion that the bore of the crank was 
not parallel to the crank-pin, but there 
was no time to lose, as we had to have 
the engine running in the morning. The 
question that confronted us was how to 
get the crank-pin parallel to the shaft 
without taking it to the shop again. 

As a necessity we decided to make a 
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cutting tool out of the front half of the 
brass box, as shown at D, Fig. 2. This. 
tool consisted of flutes on a rectangular 
piece of tool steel, the tool being recessed 
into the front half of the brass crank-pin 
box E. 

A %-inch tapped hole was put in the 
end of the connecting-rod, and a cap- 
screw F inserted to adjust the cutting tool 
against the crank-pin, the idea being to 
turn the fly-wheel of the engine by hand 
and allow the cutting tool to trim off the 
crank-pin on the high places. 

After this was accomplished we took 
out the cutting tool D and babbitted the 
box, started up the engine, and no heat- 
ing of the pin has since occurred. The 
writer does not wish to claim credit for 
this “stunt” of truing up a crank-pin, and 
wishes to give due credit to Mr. Nally, 
the party in charge of the work and an 
employee of John Jenkins & Co., Chicago. 

It may not be out of place at this time 
to give a few reasons for the cause of 
the breaking of the crank, as I have been 
indirectly informed that this engine had 
broken cranks previous to my connection 
with the plant. 

It is certain that the break was not due 
to any fault of the casting, as it was as 
sound as could be expected. My opinion 














FIG. 2. CUTTING TOOL INSERTED 


is, that it being Saturday and near the 
noon hour the fireman was busy cleaning 
fires and allowed the steam to fall too low 
and consequently the voltage. Just at this 
time we got an unexpected peak load due 
to sudden darkness from a storm. This. 
extra load on the engine prolonged the 
cut-off, and the boilers not being able to 
produce steam enough, caused the piston 
of the engine to syphon the water over 
into the cylinder. As soon as I heard 
the noise, I knew what was up and imme- 
diately jumped to the throttle and had it 
very near closed when I heard the crank 
and rod fall to the floor. 

As soon as we got another engine 
started, with a reduced load, I noticed the 
fly-wheel of the disabled engine still turn- 
ing over, and it continued to turn over for 
several minutes afterward, due to the 
kinetic energy stored in the two mammoth 
fly-wheels. 

By referring to Fig. 3 it is easy to see 
how too large a fly-wheel will sometimes 
wreck an engine. It is evident that the 
slug of water which did the damage oc- 
curred on the crank end of the cylinder, 
and due to the girder the head could not 
blow out, so the weakest point was found 
to be in the crank. 

GeEorGE W. RICHARDSON. 

Chicago, Tll. 
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A Handy Platform in the Boiler 


Room 





I have visited a great many boiler rooms 
within the last few years, and invariably 
whenever tube cleaning was being done, 
either blowing. or scraping, the platform 
on which the men stood rested on either 
a pair of horses or a couple of old boxes, 
both of which are clumsy and unsightly. 
In seme boiler rooms where the coal is 
dumped on the floor handy for the fire- 
man, a place must be shoveled away so 
that the horses or boxes can stand on the 
floor. This is a lot of unnecessary work, 
especially in a large plant; besides the 
horses are in the way, and if cleaning any 
of the boilers that are running, it is im- 
possible to open the fire doors while this 
is being done. 

A handy platform, like the one shown 
in the sketch, can readily be rigged up with 
very little expense, and will be found to 
be firm and strong enough for any work 
that might have to be done on the boiler 
front. 

Referring to the drawing, P is a 11%4-inch 
pipe with two brackets B, made of 2x™% 
inch flat iron, running back to the boiler 
and resting on the feed pipe. To prevent 
the brackets from scratching the pipe, a 


5 Bods, R. RB. 
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Criticism of Diagrams 


In reply to the inquiry of Ellis Cant- 
well, on page 869 of the June 2 number, I 
would say that his high-pressure cylinder 
is developing 185 + horse-power, while 
the low-pressure developing 144 + 
horse-power. He can, | think, very well 
afford to increase the receiver pressure by 
an amount to increase the power of the 
low-pressure by about 20, and decrease 
the power in the high-pressure cylinder by 
an equal amount. I am of the opinion 
that a little saving will result if such 
change is made. If there is to be any dif- 
ference in power between the two cylin- 
ders it should be in favor of the low- 
pressure cylinder doing the greater part, 
not the high-pressure, as in Mr. Cant- 
well’s case. The compression in the low- 
pressure cylinder is not excessively high, 
but I think it can advantageously be re- 
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duced a little. 
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takes place at the proper time, i.e, as 
near the end of the stroke as possible. 

In regard to the low-pressure diagrams, 
I would say that compression started too 
early in the stroke. Theoretically, there 
should be no compression, but as this can- 
not be entirely eliminated, it should occur 
as near the end of the stroke as possible, 
thus giving a larger area to the cards and, 
therefore, a higher mean effiective pres- 
sure. 

In order to determine whether there is 
economy in raising the receiver pressure, 
you must first find out whether the pres 
excessive in the 
To do this, calculate the thrusts 
shaft. If these are 
excessive, will be difficult, 
thereby causing friction, and 
one of the objects of compounding will be 
defeated, viz., that of distributing the 
thrusts so as to minimize friction. If you 
find the thrust excessive, the receiver pres- 


sure is high-pressure 
cylinder. 
on the and 


lubrication 


crank 


excessive 








sure should be raised; if not, you are 
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PLATFORM FOR. BLOWING OUT FLUES, 


piece of old blanket or canvas may be laid 
on the pipe. 

The other end of the platform is sus- 
pended from overhead by rods made of 
¥g-inch round iron. An eye is made at 
the lower end, big enough to slip onto the 
14-inch pipe, which is threaded on both 
ends and is made long enough to receive 
both suspension rods and caps to keep the 
rods from slipping off. 

If the roof of the boiler house is open, 
it is an easy matter to hang the rods from 
one of the girders, but it is no great job 
to provide some kind of a stringer, either 
wood or iron, strong enough to suspend 
the rods and support the weight of the 
platform and two men. Once a platform 
like this is rigged up, it will be found use- 
ful for any job of repairing on the front 
of the boiler, and can easily be put up, 
taken down and laid away in some back 
corner when not needed. 

F. P. KInper. 

Saxonville, Mass. 
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All things considered, and speaking in 
general, I do not think that either lead 
or compression is at all necessary in steam 
engines. I think most engines would run 
better mechanically without lead or com- 
pression, and at the same time require 
less steam to do the required work. A 
trial, with and without lead and compres- 
sion, in any given engine will very soon 
show which condition is the better. 

CuHar.es J. MASON. 

Scranton, Penn. 


Taking up the high-pressure diagrams, 
it is evident from the inward bend of the 
admission line of the head-end diagram 
that there is not enough lead on that end, 
thereby giving a late admission which 
would affect the diagram as shown. The 
steam and expansion lines on both the 
head and crank ends are very good, the 
latter especially so, being almost an exact 
reproduction of a hyperbole. This can 
be proved by construction. Release also 


AND DETAILS OF CONSTRUCTION 


probably running under economical con- 
ditions and it would be best to leave 
things as they are. 
To calculate the indicated horse-power, 
use the formula: 
PLAN 
33,000 


L.P.= 


where 
P = Mean effective pressure, in pounds 
per square inch, 
L = Length of stroke, in feet, 
A = Area piston, in square inches, 
N= Number of strokes per minute 


- 2X revolutions per minute. 
The mean effective pressure is the mean 
hight of the diagram times the spring 
g g 


scale. The mean hight is got by dividing 


the area by the length. 

If you have a planimeter handy you can 
get the area for yourself and, as this con- 
stitutes the only unknown quantity, solve 
for indicated horse-power. 

Cuares B. Cooke, Jr. 

Philadelphia, Penn. 
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Low Water and Boiler Explosions 





The writer noted in Mr. Lane’s article 
on the above subject, published in the 
March 17 number, what appeared to be a 
mistake; but from some slight previous 
experience with the subject of thermo- 
dynamics I refrained from mentioning 
the matter, as the outcome would likely 
be uncertain; but since Mr. Haight, Mr. 
Sweet and Mr. Hanson have had a trial 
at the subject, I am encouraged to try my 
hand at unraveling the kink. 

The object of the original article by Mr. 
Lane was to show that after a boiler ex- 
plosion a very considerable portion of the 
water contained in the boiler was left as 
water, and his method of ‘finding the 
amount left was incorrect only in that he 
assumed that the amount of heat re- 
tained by the water left after the ex- 
plosion was the same as would have been 
possible to retain in the given amount of 
water assumed at the start, and this would 
be evidently incorrect, since a portion was 
vaporized. There was, of course, a typo- 
graphical error in the amount of heat con- 
tained in a pound of water at the given 
pressure, but this did not affect the final 
result in any way. 

My idea of how the problem should 
have been solved is this: Assume one 
pound of water at 105 pounds absolute 
pressure before explosion; then let X 
represent the amount of water vaporized 
when the pressure was reduced from 105 
to 14.7 pounds, and 1—X would be the 
amount of water left after the explosion, 
and (1 — X) X 180.53 would be the amount 
of heat retained by the water after ex- 
plosion, and 966.069X would be the 
amount of heat used in vaporizing the 
amount of water X if evaporation took 
place at atmospheric pressure; but the 
heat contained in one pound of water at 
105 pounds absolute pressure is 301.73 
B.t.u.; therefore, the heat left in the water 
plus the heat used in forming the vapor 
must be equal to this amount, or 


(1— X) X 180.53 + 966.069 X = 301.73, 


or X =0.1543 pounds, and the amount of 
water left, or 1—X, =08457 pound. 
Or, if 8300 pounds of water was contained 
in the boiler at the start, as assumed by 
Mr. Lane, there should have been left 
8300 X 0.8457 = 7019 
pounds after the explosion, instead of 7240 
pounds as given by Mr. Lane. 

B. S. Hanson, on page 832, in explain- 
ing matters, no doubt covers the ground 
admirably in disposing of the water left 
after explosion, but he certainly is very 
much off on the amount of power liber- 
ated by the explosion. Prof. Sidney A. 
Reeve is very thoroughly posted on the 
subject of thermodynamics and in the No- 
vember, 1907, number of Power he ex- 
plains in a most thorough manner how 
the energy contained in heated water and 
liherated by explosion could be calculated: 


POWER AND THE ENGINEER. 


and I would refer Mr. Hanson to that 
article to get his bearings. He should 
also note that the energy contained in a 
pound of steam at a given temperature 
and pressure that may be liberated by ex- 
plosion is many times more than that con- 
tained in a pound of water under the same 
conditions, while he states that the re- 
verse is true. 
J. E. Terman. 
New Haven, Conn. 





Metallic Packing 





While looking over some old manu- 
script a few days ago, I ran across an 
item on pistons, which was written in the 
year 1850, and was attracted by the simi- 
larity of the methods and ideas in those 
days to what they are at the present 
time. I quote as follows regarding pis- 
ton packing: “The stuffing-case of all en- 
gines which cannot be stopped frequently 
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friction, and undoubtedly when given as 
good care as the rest of the engine will 
give excellent results, but it must be in- 
telligently used. No engineer would 
think of allowing his cylinder to run dry, 
and the packing on the rod should not be 
allowed to do so. I use a mixture of 
cylinder oil and graphite, applied occa- 
sionally with a brush, and I have noticed 
on marine engines that a similar treat- 
ment is used. 
CuHarLes H. TAYLOor. 
Bridgeport, Conn. 





Water in the Wheel Pit 





As I was going on duty one night I 
met our chief who was hustling toward a 
plant owned by his employer and situated 
about one-half mile up the river. He 


said: “Come along, Tom, they are having 
trouble at the upper mill.” 
there, 


When we got we found the 
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WHEEL-PIT FILLING WITH WATER 


to replace the piston-rod packing should 
be made very deep. Metallic packing in 
the stuffing-case has been used on some 
engines and has been successful, but must 
be given great care. These packings con- 
sist of one or more rings, cut, sprung and 
slipped onto the rod before the crosshead 
is put-on, and packed behind with hemp 
and tallow. This answers very well when 
the parallel motion is true and the rod 
absolutely free from scratches, and it also 
accomplishes a large saving in tallow; in 
some cases a piece of sheet brass packed 
behind with hemp has been used with 
good effect, a flange being turned over on 
the under side of the brass, to prevent it 
slipping up and down with the motion of 
the rod. The sheet brass speedily puts 


an excellent polish on the rod and such 
packing is more easily taken care of, lasts 
longer and requires less tallow than when 
hemp alone is employed.” ‘ 
Metallic packing has been, and is at 
the present time a large factor in reducing 


wheel-pit and all the space between the 
foundations of a cross-compound engine 
filled with water. This engine had a 46- 
inch leather belt, and the water was dan- 
gerously near it and still rising. There 
were two men bailing out with buckets at 
A and B, but the water kept gaining. I 
looked around for a drain. The engineer 
said it was under the floor in the boiler 
house, but it was a cement floor. 

Well, something had to be done and 
done quickly, so I got three lengths of 2- 
inch pipe, three ells and half a union and 
made them up. Then I shut the valve K, 
broke the union at L, connected to the 2- 
inch pipe with the union and stuck the 
other end into the wheel-pit. Did the 
water go down? Not much, but they 
could stop bailing, and it did not rise any. 

I noticed that before we broke the 
union at L the condenser was carrying 26 
inches of vacuum, and after connecting up 
the new pipe there was only 20 inches, so 
I started to look for leaks in the new 
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pipe. The chief was having a quiet laugh, 
and when I asked him what was tickling 
him, he told me to shut off some of the 
injection water from the condenser and I 


would find the leak. I did, 
vacuum came back to 26 inches. 

We went up again on Saturday night 
about shutting-down time, and the chief 
told the engineer to shut the engine down 
but to leave the condenser running. With 
the steam shut off the engine kept run- 
ning until I cut the condenser out; then 
it took a long time for the engine to stop. 
I asked why, and the engineer said: “It 
always acts like that, and in the summer 
it starts sometimes on Sunday.” 

Well, we put the large suction pipe of 
the condenser into the wheel-pit and soon 
had it empty. We found a 3-inch water 
pipe with a good-sized stream coming out 
of it. After it was repaired I looked at 
the receiver gage and as it just showed 
atmospheric pressure, I gave it a bang 
with my hand. It jumped to 10 pounds, 
but as both valves were unhooked on the 
low-pressure side, I hooked one up and 
off she started. I chased around and 
found the valve which shuts steam off the 
superheater in the receiver, closed it and 
the engine stopped. 

When I told the engineer that one of 
his superheating coils was leaking, he 
acted as if I had called him out of his 
name, and did not know there was such 
a thing. They got the coil repaired and 
the engineer has got to shut the super- 
heater valve every time he shuts down. 
Now he is mad because he has to warm 
up his engine on Monday morning. Some 
people are hard to please. 

THOMAS SHEEHAN. 


and_ the 


Pittsfield, Mass. 





Examination Question on Indicator 
Diagrams 


With an engine with one end running 
condensing and the other non-condensing, 
which end is doing the more work? This 
is not a catch question, but a practical 
one under certain conditions, and is used 
by the State inspectors. This condition 
occurs in a condensing engine where in 


FIG. 4 


the winter time the exhaust from one end 
of the cylinder will heat the building with- 
out much back pressure, and the engine 
will do the work easily without running 
both ends condensing. In regard to the 
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make-up of indicator diagrams taken 
under these conditions a few words by 
way of explanation might be in order. 
First, we will consider the work done in 
both ends of the cylinder. Fig. 1 repre- 


Ne 


\ ‘ 
x; aa ‘ 


FIG. I 


sents two diagrams taken on one slip; 
Fig. 2 shows the crank-end diagram and 
Fig. 3 the head-end diagram. We will 
assume 90 pounds steam, with a_back- 
pressure on the head end of 23 pounds 
absolute and a back-pressure on the crank 
end of 3 pounds absolute. The cut-off on 
the head end is %& stroke and the cut-off 
on the crank end % stroke. We also have 
Fig. 4, which is the stroke diagram from 
the head end, and Fig. 5, a stroke dia 





FIG. 3 


gram taken from the crank end, showing 
the work done in that end. 

It will be seen that if these diagrams 
were figured ordinarily the end 
would show the most work done, approxi- 
mately three-fourths more; but such is 
not the case, for the reason that each card 
shows the pressure on one side of the 
piston during one complete revolution. In 
other words, in the forward the 
pressure tends to push the piston toward 
the other end of the cylinder, and during 
the return stroke the pressure tends to 


crank 


stroke 


FIG. 5 


hold the piston back against the pressure 
on the opposite stroke. So if we want to 
find out the work done in the crank end 
on the head end during each revolution 
we will have to resort to the stroke dia- 
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grams, which are made up of the steam 
and expansion lines for one end, and the 
back-pressure and expansion lines for the 
stroke taken from the end. 
So, in disposing of this question, we can 


same other 


FIG. 2 


say that the condenser is to be credited 
as helping the end “that is not on.” 
A. C. WALDRON. 
Lynn, Mass. 





A Simple Problem in Mechanics 


I submit the following as an answer to 
the questions put by John H. Manning on 
page 832 of the May 26 number. The 
pressure acting on each piston is 40 X 10 
= 400 pounds, thus causing a pull on the 
head end, and on the hook of the spring 
This identical 
scale being hung 
and a weight of 
hook. The scale 

pounds, we 
The nail here is 


scale, of 400 pounids. is 
with the case of a spring 
from a nail in the wall 
400 pounds placed on the 
would register but 400 
know from experience. 


as 


exerting a counteracting upward pull of 
400 pounds, as from mechanics we know 
that two equal and opposite forces acting 
on a particle are in balance, or in equili- 
brium. This applies to each of the two 
cases which Mr. Manning illustrated. 
Ropert E. ANDERSON. 
Notre Dame, Ind. 


It if Mr. 
had not given sufficient data. 


Manning 
I believe I 
could give a definite answer if I had the 


appears to me as 


size of the piston-rods, or at least the 
piston area of both sides of the piston. 
In the first case, I should expect the 


spring balance to register 400 pounds, if 
the 40 pounds per gage 
In the the 
40 pounds per square inch is on the pis- 


square inch is 


reading. second case, where 


ton-rod side of the piston, I would expect 
to see a pressure recorded on the balance 
of 400 pounds minus 4o times the area of 
assuming that the 


the piston-rod—again 


40 pounds per square inch is gage pres- 





sure. 
L. G. GATES. 
Oshkosh, Wis. 
At the commencement exercises at 


Purdue University the degree of Doctor 
of Engineering was conferred upon Angus 
Sinclair, editor of Railway and Locomo- 
tive Engineering. 
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Using Boiler Compound 





Having seen requests for opinions about 
using compound in boilers, I would say 
that if a boiler is in bad shape, it might 
or might not be all right. If compound 
were put in, it would undoubtedly start 
the tubes to leaking; and it has been my 
experience that all the scale would have 
to be got out before the tubes can be 
rolled and beaded so they will hold. 

I once ran a small engine, using a 6- 
horse-power boiler in which considerable 
scale had formed. By putting in some 
compound I started the tubes to leaking 
in fine shape. Rolling and beading did 
little good; as long as the pressure was 
kept up they would hold, but if the engine 
was stopped and the pressure was allowed 
to fail the tubes would start to leak. 

FREDERICK ECKLEY. 

Tekamah, Neb. 


Tests on Live Steam Feed Water 
Heating 








Referring to S. B. Bilbrough’s article, 
“Tests on Live Steam Feed-water Heat- 
ing,” in the May 12 number, I desire to 
take exception to his conclusions: “That 
the rate of heat transmission through a 
boiler plate from a fire or flames is inde- 
pendent: (a) Of the circulation of the 
water in the boiler; (b) of any layer of 
gas bubbles adhering to the plates; (c) 
of any hot film of water next to the plate.” 

It is well known that the quantity of 
heat passing through 1 square foot of 
boiler surface increases with direct pro- 
portion with the difference in temperature 
between the liquid and the gases. 

Now, if the circulation in the boiler is 
poor the hot water will remain longer in 
contact with the boiler plate and the dif- 
ference in temperature between the water 
and the flame will not be as great as with 
good circulation; hence, the heat transfer 
will be less than it would be if the water 
were cooler. 

In performing tests on feed-water heat- 
ers it is quite noticeable that air hinders 
the transference of heat. The air attaches 
itself to the surface, preventing intimate 
contact between the steam and the metal. 
Yor effective working every precaution is 
taken to remove the air. This retarda- 
tion is probably due to the difference in 
the thermal conductivity, as that of 


water is 
0.002 
0.000049 |’ 


or 40 times that of air. If scale has the 
effect of reducing the conductivity 20 per 
cent., air or any other interposing layer of 
‘gas bubbles will have a similar effect. 

The third conclusion (c) must follow 
from (a), for if we had poor circulation 
there would necessarily be a hot film of 
water next to the plate. 
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A broad deduction like that of “con- 
clusion No. 2” would mean that the rate 
of heat transfer is independent of the 
medium used (which the author has 
proved untrue), as he has interposed a 
stagnant film of water, whose rate of 
transfer is low compared with the metal, 
and a layer of gas bubbles, whose rate of 
heat transfer is still less. If we admit 
that the rate of heat transfer varies as the 
difference in temperature between the two 
substances, one of the causes for having 
the same transfer with cold and boiling 
water is that in the latter case we have a 
violent agitation causing circulation which 
assists in the heat transfer. If the same 
circulation was maintained artificially 
while heating the water, the rate of heat 
transfer would increase materially. 

L.. ©. Srex. 

New York City. 





A Device for Turning Commutators 





Recently it became necessary to true 
our commutator and slip-rings. On ex- 
amination, it was found that they could 
not be readily removed from the shaft, 
and it was decided to turn them on the 


ais Commutator 
and Rings 







Compound _-— 
Rest 


Cross Slide 3 


COM MUTATOR-TRUING DEVICE 


machine. As the truing devices on the 
market were expensive, the arrangement 
shown in the accompanying sketch was 
made up, and the commutator and rings 
trued by driving the generator slowly. 
The result was entirely satisfactory. 

The carriage slide A and the bracket B 
were in one piece, and the slide was 
dressed to fit the cross slide as shown. 
The cross slide and compound rest were 
taken from a lathe and the carriage slide 
was bolted to the machine by means of 
cap-bolts. By turning the machine very 
slowly, a surface speed of approximately 
500 feet per minute was obtained on the 
commutator, and the diamond-point tool 
worked very nicely at this speed. 

The total cost of turning the commu- 
tator and rings on two machines, includ- 
ing the cost of making and assembling 
the apparatus, was approximately $30. 
The machines referred to were_120 kilo- 
watts each. 

P. A. Tipuery. 

Washington, N. C. 
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What an Engineer Should Know 





It is interesting to note the difference 
in engineers. One can tell you all about 
his engine, knows at what part of the 
stroke it cuts off and the slight pound 
you hear, in fact, he can tell you all about 
the indicator and talk cards to you or 
anything else pertaining to the engine 
room, but when you ask him a few ques- 
tions about the boilers and pumps and 
piping, he doesn’t seem to be so well 
posted. It is really surprising to note how 
little some good engineers know about 
their boilers and fittings. 

In the first place an engineer should 
know all about the plant he has charge 
of. Asa rule engineers neglect the things 
that do not seem to be very important, 
and these very things come up some time 
in their experience when they don’t want 
them to come up. Every engineer should 
know the exact heating surface of his 
boiler. He should not take the maker’s 
word for it, but find out for himself and 
make a record of it in his little book. He 
should also know the grate surface and 
the amount of coal burned ‘per hour per 
square foot of grate surface. 

Twenty per cent. of the boilers that are 
fired with soft coal are pushed beyond 
their capacity, and then it is wondered 
why the girth seams start leaking. For 
instance, a boiler maker sells a boiler and 
rates it at 200 horse-power. The engineer 
should find out how many pounds of 
water this boiler is capable of evaporat- 
ing for every pound of coal that is put 
under the boiler, then see to it that no 
more coal is fired under the boiler than 
what is equivalent to 200 horse-power, 
allowing 30 pounds of water to equal one 
horse-power. 

For another thing, the engineer should 
know the exact dimensions of his boiler 
in every detail. There are lots of engi- 
neers who do this, and lots more who do 
not give it much thought. The engineer 
should keep a record of just how much 
steam his engines are using. For instance, 
if all the steam that goes through the 
cylinder was condensed, it should weigh 
about 15 to 20 pounds per hour per horse- 
power in a fairly good engine. If he keeps 
a record of this every time he makes a 
test, it will be a great help to him and 
to his employer in keeping up the effici- 
ency of the: plant. 

Steam may be used for other purposes 
besides the engines. A great many times 
the engines are blamed for eating up all 
the steam the boilers can generate, but if 
you have it in black and white your em- 
ployer can see you are taking care of 
your end of the plant, and the blame will 
be on the careless mill hand who insists 
on leaving valves open and 
steam to blow away in the waste-pipe. It 
is a good thing to notice your blow-off 
pipe once in a while, and note the little 
drip that flows out of it. 


allowing 


It doesn’t ap- 
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pear to amount to very much, but just 
take a pail and catch it full a few times 
and see how long it will take you to fill a 
barrel. Then assume about one pound of 
coal to every eight pounds of water, and 
it will astonish you at the amount of 
money wasted by these little drips. 
THOMAS ANDREWS. 


Rockaway, N. J. 





Accident to Steam Cylinder 





A friend of mine is night engineer in 
the city lighting plant. The engines all 
run non-condensing, and the exhaust is 
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EXHAUST CONNECTIONS 


sold for heating. All the engines exhaust 
into the same pipe and each has a cut-out 
valve in the exhaust as shown in Fig. 1. 
One night they cut out one of the en- 
gines and closed the valve in the exhaust 


Pipe 
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FIG. 2. HOLE 1%. BOTTOM OF CYLINDER 


pipe. About midnight the engineer heard 
a loud explosion, and upon investigating 
he found the dead engine with a _ hole 
blown in the exhaust chamber, as in Fig. 
2. The cause was that the valve on the 
drip leaked, and boiler pressure accumu- 
lated in the exhaust chamber, which 
simply could not stand the pressure. I 
suggested putting a patch on with screw 
bolts, but a new cylinder was ordered, as 
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upon closer inspection the old one was 
found to be badly cracked. 
THOMAS SHEEHAN. 
Pittsfield, Mass. 





Effect of the Drift Pin 


1 have before me specifications for a 
Lancashire boiler, 90 inches in diameter, 
30 feet for 100 pounds pressure, 
which is typical of British practice as it 
now obtains. The steel plates are to have 
a tenacity of not more than 67,000 pounds 
nor less than 58,000 pounds per square 
inch of section. 


long, 


Elongation not less than 
20 per cent. in a 10-foot-long test piece. 
Shell longitudinal seams, double-riveted, 
with double cover strips. All rivet holes 
to be drilled; those in the shell after the 
plates have been bent and bolted in posi- 
tion. All plate and cover-strip edges to 
be planed. Both end plates turned at 
outer edges, and furnace tube openings. 
Angle-ring in front turned at both edges, 
thickness of plates, 9/16 inch. After the 
plates are drilled in position to be taken 
apart and the reamed the 
The drift-pin not to be used on 
pain of rejection. Any engineer will con 
cede that a boiler built to the above speci- 
fications will be first-class. 


“bur” from 


holes. 


About 15 years ago I had an unfortu- 
experience with a 
boiler which I bought 
guaranteed 


nate small vertical 
second-hand. It 
for 60-pounds working 
pressure, and had apparently been very 
little used. I examined it carefully before 
purchasing, but a thorough examination 
internally was impossible, owing to the 
small size of manhole. Afterward it 
was duly inspected by an official inspector 
of a boiler-insurance company and passed 
for 60 pounds pressure. On raising steam 
for the first time, the outer shell opened 
out at 25 pounds pressure, and allowed all 
the contents of the boiler to escape, hap- 
pily without doing further damage. On 
cutting out a few rivets and lowering a 
mirror and candle between the fire-box 
and outer shell, the inside lap was seen 
to be cracked from rivet to rivet for a 
length of 27 inches. Apparently these 
holes had not lined up and the drift-pin 
had been used. I was unable to trace the 
history of this boiler, but from appear- 
ances I should judge that it had not 
worked a week, and that this seam opened 
out as soon as steam was raised. Cor- 
rosion from exposure to ac- 
counted for the seam holding until I had 
The the 
point of failure had been rather heavily 
calked, evidently to stop leakage. 

I am inclined to think many boiler ex- 
plosions much by 
faulty design (should he not have added 
workmanship?) as by improper care after 
the boiler has been installed. Yet how is 
it that the proportion of boiler explosions 
in the United States is very much larger 
than in Great Britain? Certainly it is 


was 


weather 


25.pounds pressure. seam at 


are caused not so 
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not due to superior training and technical 
knowledge on the part of the average sta- 
tionary engineer in Great Britain, if one 
may judge the caliber of his American 
contemporary by the articles which appear 
in PowER AND THE ENGINEER. 
Joun L. SHELDON. 
Prince Albert, Can. 





Can an Indicator Diagram Detect 


Leaks >? 


In a recent number of Power the ques- 
tion of detecting leaks by means of the 
This, 
of course, can be told by the theoretic 
curve 
above the actual at the commencement oi 


indicator diagram was brought up. 
The true curve will show a little 


the expansion line, owing to cylinder con 
densation, and it will be below the actual 
at the latter part, owing to re-evaporation 
This will not be more than a pound or so, 
if everything is right. 

If you have a curve falling much more 
than this and rising high toward the end, 
a leak at both the 
exhaust ends. 


it indicates steam and 
The falling away seriously 
at the beginning shows a leak in the ex 
haust, but the 
the steam chest and cylinder is not s 
great as the leak in exhaust. When th 
steam has expanded, however, the leak in 
the steam valve will be greater than that 
in the exhaust and will raise the 
sion above the normal 


difference in pressure in 


expan 


Should you get a diagram like this, be 
fore you jump at the conclusion that you 
sieve at both the steam 
haust ends, look at the indicator cord and 


have a and ex 
see that it does not stretch, as a stretchy 
cord will produce just such a diagram. 
Also, some defects in the reducing mo- 
tion will do it. A person who takes cards 
frequently can tell from the diagrams 
without laying out the theoretic curve. 

One time, at one of the mills, as I was 
making my rounds, I thought one of the 
engines was a little out of true, so much 
so that I applied the indicator. 

This engine only had sufficient compres 
sion to be sure that the exhaust 
lapped sufficiently to be tight when the 
steam valve opened, but even this was 
gone and the general appearance indicated 
a leak into the exhaust. As none of the 
running the 
management to do any meddling with th« 
engines, I took out the exhaust valves 
and found them correct. Then I looked 
at the piston and found a broken packing 
ring. 

Be sure that your reducing motion is 
all right that have a_ hard, 
braided-silk cord, and in a little while 
you will get used to your diagrams s 
you can tell at a glance if anything is out, 
either put in that way by your assistants 
or from something breaking or cutting. 


W. E. CRANE. 


was 


engineers was allowed by 


and you 


Waterbury, Conn. 
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Making a Slide-valve Model 





For studying the effect of shaft and 
dy-wheel governors on _ slide-valve en- 
gines, the relation of the various events 
from admission on one end to compres- 
sion on the same end, and the disturbing 
effect of a short connecting-rod, i.e., short 
with reference to stroke, I think a good 
slide-valve model is hard to beat. The 
accompanying illustrations show the de- 
tails of one I made several years ago, 
which, used in connection with Zeuner’s 
valve diagram, makes a very interesting 
study. 

As shown in the drawing, the frame is 
made of %-inch soft pine, with the valve- 
piece V and the piston piece P working 
in dove-tailed slots. A drawing of a valve, 
either common D or B or piston type, is 
first made, giving desired laps, and is 
then attached to the valve piece V with 
thumb tacks, the corresponding valve seat 
being likewise attached to the stationary 
part D. On each side of the piston piece 
the walls are laid off in eighths or inches 
of the stroke from opposite ends, so that 
the piston position can be readily seen. 

For making valve-stem adjustments, a 
long, slender wood screw S is screwed 
loosely into the valve piece, the head being 
first cut off and shoulder filed on in order 
to make a swivel attachment to the brass 
clip connecting to the eccentric-rod R; 
the clip is, of course, riveted to the screw 
just loose enough to permit turning, but 
no lost motion. 

The eccentric and crank, E and C, are 
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through end of rod R, thus giving various 
valve travels. The crank is made a tight 
fit on the shaft B, which is a %-inch brass 
rod, and the eccentric just tight enough 
to keep from slipping. 

For instance, if it is desired to note the 
action on a valve of a shaft governor that 
increases the angular advance of the 
eccentric to shorten the cut-off, the eccen- 
tric can be advanced a few degrees by 
turning it on the shaft, and result noted; 
or if the governor changes the throw of 
the eccentric, the eccentric-pin can be 
changed to another circle and the change 
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worse, and that to remedy the matter the 
head-end would have to be given more 
lead, as the piston moves faster on this 
stroke and hence requires its steam 
faster. 
J. A. CARRUTHERS. 
Bankhead, Alberta, Can. 





Why Is the Receiver Noisy > 





In the receiver shown in the accom- 
panying illustration there is a noise that 
sounds like a couple of husky men inside 


Compressor No. 1 
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PIPING CONNECTIONS TO RECEIVER 


watched on the valve events for another 
revolution. For governors that change 
both regular advance and valve travel, the 
results can be noted by making both 
changes on the eccentric. 
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CONSTRUCTION OF SLIDE-VALVE MODEL 


made disk form to allow the eccentric rim 
to be marked off in five-degree spaces and 
the inside of the crank with radial lines 
to indicate the point of revolution. A 
pointer / attached to the frame indicates 
the number of degrees that the eccentric 
is moved relative to the crank. 

The outside of the eccentric is scribed 
with circles of diameters 1%, 34 and 1 inch, 
ind holes made at different points on each 
circle to accommodate the eccentric-pin 


A seeming paradox will be noted in 
adjusting the valve for equal cut-offs on 
each stroke. As is well known, with a 
valve having equal steam lap and lead, 
the cut-off is earlier on the return stroke, 
owing to the angularity of the connecting- 
rod, and to overcome this the tendency 
will be toward reducing the lap for that 
end so as to give a later cut-offs but if an 
indicator diagram could be taken it would 
show that the setting had really been made 


doing the hammer test. It is most notice- 
able when compressor No. I is on alone. 
As none of the fellows here can account 
for the mysterious nerve-racking pound- 
ing, we would like to hear what the 
readers of Power AND THE ENGINEER 
have to say. 
E. Norton. 
Smuggler, Colo. 





Why the Pipe Split 





In the May 5 number, K. D. Fenner 
asks, “Why does the pipe split?” He re- 
fers to a steam pipe placed underground. 
I think the trouble can be explained as 
follows: The pipe is covered with dirt; 
under such conditions the average tem- 
perature will be somewhere in the neigh- 
borhood of 55 degrees Fahrenheit; steam 
at a gage pressure of 90 pounds has a 
temperature of about 330 degrees Fahren- 
heit ; hence, there will be a rise of 275 de- 
grees in the temperature of the pipe when 
the steam is turned through it. Accord- 
ing to the laws of expansion there will be 
a lengthening of the pipe of about 0.45 of 
a foot, and without an expansion joint 
something must give way under the strain. 

Again, the condensation in a pipe under 
such conditions is enormous, and water 
hammer will surely set up. The force of 
such a hammer is so great that it will 
often wreck a line. Rather than incase 


the pipe within a wooden box, as sug- 
gested in the query, I would recommend 
that it be taken out of the ground alto- 
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gether and placed on pipe stands, then 
covered with asbestos pipe covering. It 
would be well to put in a water trap near 
the pump. Last, and most important, have 
an expansion joint. This will relieve all 
the trouble and give very satisfactory re- 
sults. 
Wa _teER R. THURMOND. 
Skelton, W. Va. 





A Good Way to Form Pull Rings 


on Tension Springs 





A common mode of procedure is to 
leave a piece of uncoiled wire free from 
winding the spring and then, with the 
aid of hammer, tongs and vise, fashion it 
into the required form. 

The process as illustrated below is not 
new and yet it does not seem to be gen- 
erally known among mechanics who, as a 
rule are called upon only at rare intervals 
to make a spring for some emergency job. 

By means of a cold-chisel, spread slight- 
ly the last coil of the spring as shown in 





FIG. I. SPREADING COIL SPRING WITH 


COLD-CHISEL 














FIG. 2. RING HAMMERED INTO SHAPE 


Fig. 1. Place the open side of the coil 


against the square edge of a vise or iron 
block and hammer it into the form shown 
Catch this end coil in the vise 


in Fig. 2. 
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and set the body of the spring over until 
the pull-ring is central with the spring as 
in Fig. 3. The coil will now have taken 
on the appearance of the spring in Fig. 4. 

















FIG, 3. BENDING THE RING INTO POSITION 





FIG. 4. 


FINISHED RING 


A good looking and serviceable pull-ring 
may be formed in this manner in a mini- 
mum amount of time, 
FrANK E, Boorn. 
Toronto, Canada. 





Arranging Steam Main 


In the March 17 issue, Mr. Leach asks 
for suggestions on the best way to run a 
steam main. From the particulars fur- 
nished, I am of the opinion that an 8-inch 
main run from the tee piece on No. 2 
boiler to the engine room, with connec- 
tions to boilers Nos. 3 and 4, and arrange- 
ments for two 6-inch branches, one to 
each engine, would fill the bill. 

Then the 4-inch main at the left of 
boiler No. 3 should be disconnected and 
the cross-valve blanked off. Then the 4- 
inch manifold in the engine room could 
be fed from boilers Nos. 3 and 4 and act 
as an auxiliary main for the pump, etc. 
This would allow any one boiler to be 
shut down. 

I strongly advise Mr. Leach not to con- 
nect the 8-inch main to boilers 3 and 4 in 
the manner shown on the _ sketch in 
Power, as I should expect he would have 
trouble with leaky joints due to the ex- 
pansion of the main. This expansion also 
puts an additional stress on the branches 
of the tees and the same thing, of course, 
applies to the cast elbows. 

In this country the best practice is to 
connect each boiler to the main by means 
of a long, wrought-iron bend. If wrought 
bends are objected to and cast elbows 
used, a long length of “straight” should 
be allowed on the boiler connection, so 
that the pipe may accommodate itself to 
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the movement of the main without unduly 
throwing additional stress on the castings. 
Long, easy bends will go a good way 
toward eliminating the friction offered to 
the passage of the steam. 

In the April 7 issue, Mr. Taylor sug- 
gests that an 8-inch pipe is not big enough 
for two 6-inch pipes, but I think the dis- 
charging capacity of an 8-inch pipe will 
about equal that of two -6-inch pipes, 
under the same conditions, for the reason 
that the same pressure does not induce the 
same velocity in both pipes. 

DANIEL KROUSE. 

Palmer’s Green, London, W., Eng. 





Equalizing Clearance Stopped the 
Knocking 


We had a high-speed Erie Ball engine 
direct-connected to a generator. It was 
an inveterate knocker, and the crank and 
crosshead boxes had to be adjusted every 
day. The fact that the engine was of the 
closed crank-case type and ran in oil pre- 
vented heating. No matter how tightly 
the engine was adjusted, it would be only 
a little while until the knock would be as 
bad as ever, and mostly in the crosshead. 

The engine was comparatively new and 
did not seem to be worn much, but it was 
evident that she was jerking herself to 


pieces by going rough over one center. 
This proved to be the trouble. 
Investigation showed that there was 


practically no compression in the head 
end. There was 1/16 inch of clearance in 
the head and 7/16 inch in the crank end 
of the cylinder. 

A very good way of equalizing clear- 
ance is to proceed as follows: First, the 
engine must be placed exactly on dead- 
center, no difference which one first. Make 
two prick punch marks exactly opposite 
to each other, one on the lower edge of 
the crosshead and the other on the edge 
of the guide as close to the first as pos- 
sible. This done, turn the engine over to 
the other center, making another mark 
on the guide similar to the first. The 
distance between these two marks, of 
course, represents the exact travel of the 
piston. Disconnect the crosshead from 
the connecting-rod by taking out the pin. 
Prop the connecting-rod up out of the 
way and push the piston against one end 
of the cylinder. Make a third prick-punch 
mark on the guide opposite the one on 
the crosshead, being sure that the piston 
is held firmly against the head. The dis- 
tance between these two marks on the 
guide, which are both near the end, repre- 
sents the amount of clearance for one end. 
The clearance in the other end is found 
in the same way. 

When they have both been found and 
accurately measured, loosen the jam-nut 
on the piston-rod where it is screwed into 
the crosshead, as most small and medium- 
sized engines are so arranged, and screw 
the move the 


or unscrew rod so as to 
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piston toward the end which has the 
greatest clearance, until the clearance 
spaces are equal. This done, and the parts 
properly secured, you have equalized the 
clearance. 

After we had equalized the clearance in 
the engine alluded to, the knocking dis- 
appeared, and during the last six months 
of my acquaintance with the engine she 
was only keyed once. 

Epwarp I. BINNS. 

Philadelphia, Penn. 





Removing a Tight Bushing 


The accompanying sketch, drawn with- 
out much regard to scale, will serve to 
illustrate a simple rig which helped us out 
of a tight place at one time, and is sub- 
mitted in the hope that it may benefit 
some of the readers. The incident in 
question was occasioned by one of our 
milling machines running badly. This 
machine was a rather old one and the 
spindle beran to show signs of being un- 














Washer 
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the rear bushing. After several vigorous 
pulls and pounds, the bushing was started 
and was then driven out very easily. 
F. W. Bostwick. 
Nashville, Tenn. 





What Causes the Cross Currents ? 


A short time ago I tried to run a 30- 
kilowatt single-phase 1050-volt alternat- 
ing-current dynamo as a synchronous mo- 
tor, current being supplied by a 60-kilo- 
watt 133-cycle single-phase Warren in- 
ductor alternator driven by a belt from 
shafting which was driven by two water- 
wheels. 

The 30-kilowatt machine was made by 
the United Electric Improvement Com- 
pany, of Philadelphia, and must have been 
placed in operation 14 or I5 years ago, 
the serial number on the frame being 11. 
t was belted to a line-shaft in a flouring 
mill situated one mile from the lighting 
plant. 

I had no trouble to get the two alterna- 
tors in parallel, but at about half load the 
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REMOVING BUSHING WITH SCREW-JACK 


reliable. On examination it was found to 
be cutting the bushing, and was altogether 
unfit for further use. 

The tool-room foreman was instructed 
to remove this bushing and make another 
one. On attempting to drive it out, how- 
ever, it was found to be so tightly set 
that no amount of coaxing would start 
it. We had no hydraulic press, so re- 
course was had to a short, thick jack- 
screw, which at that time was taking up 
room in the tool case. 

A short piece of pipe, large enough in 
diameter to clear the flange of the bush- 
ing was cut off and placed between the 
jack-base and the casting of the machine. 
The position of the screw was. reversed 
and a steel washer placed between the 
jack-head and the end of the bushing. 
This was to pfotect the bushing in the 
coming struggle. Everything being in 
readiness as shown in the sketch, two 
husky workmen attached themselves to 
the end of a bar inserted in the jack- 
head, and another assisted with a length 
of cold-rolled shafting inserted through 


ammeter pointer would vibrate over about 
10 ampere divisions of the ammeter scale, 
the movement of the pointer being very 
rapid, sometimes stopping still and as sud- 
denly starting to swinging. The voltme- 
ters changed very little. More load was 
put on the machine without much change 
in the behavior of the ammeters. At no 
load the movement of the instruments was 
not as great. Changing the field strength 
of the 30-kilowatt machine did not seem 
to affect the swinging of the instruments 
much. The speed of the electrical ma- 
chines was about 107. This was necessary 
in order that the driven machinery should 
run at proper speed, and this, of course, 
made the frequency correspondingly high. 
The motion of the machinery seemed to 
be perfectly steady and even, the belts did 
not show signs of slipping and no gov- 
ernors were used on the water-wheels. 
The load placed on the 30-kilowatt ma- 
chine seemed to me to be slightly more 
than its rated capacity. Thirty-ampere 
fuses were used; these did not blow, but 
were quite warm. After running about 
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1% hours one of the armature coils of the 
30-kilowatt machine developed a short-cir- 
cuit and that ended the performance. 

Connected to the circuit while the alter- 
nator was running was a 15-horse-power 
Wagner 208-volt single-phase motor, 
very lightly loaded, and 25 or 30 trans- 
formers of rather small size, with no load 
on their secondaries. 

From the construction of the 30-kilo- 
watt alternator I should think its arma- 
ture self-induction was rather low. Both 
alternators drove their own exciters by 
belt from pulleys on the armature shafts 
in the usual way. 

Can any reader suggest the cause of 
the cross currents between the two ma- 
chines, and is there any way of keeping 
them down? Would an alternator with a 
toothed armature give better results than 
the type which was used? 

O. A. WEBSTER. 

Reading Mich. 





Effect of Compounding upon 
Cylinder Condensation 


I read the editorial on “Effect of Com- 
pounding upon Cylinder Condensation,” in 
the May 26 number. You undoubtedly 
know that during 1895 there were placed 
in the New York-Southampton service the 
steamships “St. Louis” and “St. Paul,” 
each having 2 six-cylinder four-crank 
four-stage progressive expansion engines, 
with a boiler pressure of 200 pounds per 
square inch. Twelve years after the com- 
pletion of the “St. Louis” and “St. Paul,” 
the steamships “Momus” and “Antilles” 
were added to the fleet of the Morgan 
Line. The “Momus” and “Antilles” are 
driven by three-stage engines, with 234 
pounds boiler pressure. Thus, we see that 
those who have to do with the actual de- 
signing of the motive power of ships dif- 
fer in their ideas of steam-engine effici- 
ency. I might mention the fact that all? 
the foregoing ships were constructed at 
the Cramp plant on the Delaware river. 

In a booklet got out by the passenger 
traffic department of the Morgan Line, the 
statement is made that the engines of the 
“Momus” and “Antilles” are of a “new 
design,” but there does not appear any 
photographic reproductions or line cuts 
of the engines mentioned; in fact, all the 
information that has appeared in the many 
technical publications on file at our pub- 
lic library relative to the “Momus” and 
“Antilles” has been of the “word-picture” 
kind. 

I think you will agree with me in that 
the heat losses due to the range of tem- 
perature of cylinders resulting from early 
cutting-off is less in a marine engine of 
high rotative and piston speed than in a 
Western river engine of the side-lever 
type, or a beam engine or a municipal 
pumping engine. 

Harry CORNELL. 


Louisville, Ky. 
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Designing a Fly Wheel 





By W. R. WILiarp 


Fly-wheels act as reservoirs of energy, 
storing it up when the power of the engine 
is in excess cf the average and restoring 





POWER AND THE ENGINEER. 


From this we can obtain the area of the 


rim by the formula: 


W=0819 Xd XbxXt, 


where 


W = Weight of wheel, 
d = Diameter of wheel, in inches, 
b = Width of face of rim, in inches, 
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FLY-WHEEL DESIGN 


it when the resistance tends to prepon- 
derate, and in this way greatly reducing 
the variation in speed. The allowable 
fluctuation of speed varies according to 
the work the engine is doing. In prac- 
tice, a fluctuation in speed of from 4 to 
5 per cent. is allowed on pumping engines, 
2 to 3 per cent. on engines running ma- 
chine-tools, etc., and 0.66 to I per cent. for 
electric-light engines. Upon the size and 
use of the engine depends the weight of 
the wheel. The following formula will 
give good results: 


where 


W = Weight of the rim of the wheel, 

d = Diameter of the engine cylinder, in 
inches, 

b = Length of engine stroke, in inches, 

D = Diameter of wheel, in feet, 

n = Number of revolutions per minute, 

C = Constant. 


The constant for slide-valve engines do- 
ing ordinary work is 350,000; for slide- 
valve electric-light engines and Corliss en- 
gines doing ordinary work, 700,000; and 
for automatic high-speed engines and Cor- 
liss engines for electric lighting, 1,000,000. 
The diameters of the wheels range from 
three to times the length of the 
stroke. 

If we wish to design a fly-wheel for an 
automatic high-speed electric-light engine, 
for instance, running at 300 revolutions 
per minute, with a 24-inch cylinder and a 
2-foot stroke, taking the diameter of the 
wheel as 6 feet, we get: 


five 


1,000,000 K 24 X 24? 


Se 300" X 6* 





= 4266.6, 


or, say, 4200 pounds. 


t = Thickness of rim, in inches. 
If we let t=), we get 
4200 = 0.819 X 72 Xb X 1, 


in which b or t = 7.67 inches. 


two 
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A wheel of this size would be made in 
or parts and assembled 
The plates C are bolted together 
through the spokes by the bolts F and 
form the hub and hold the 
gether, while the rim is held together by 
the plates E. 

The spokes are made sufficiently heavy 
to look graceful, as it has been found that 
a spoke that looks right will be of suff- 


more as 


shown. 


spokes to- 


cient strength to carry the rim. They are 
often hollow, as shown at D. 

Ir practice about 6000 feet per minute is 
the maximum linear velocity of cast-iron 
wheels. 





Laying Bridge Girders 


By ETHAN VIALL 


In building the interurban bridge across 
the Sangamon river, near Decatur, IIL, 
Superintendent Caldwell, of the Decatur 
Bridge Company, used a method of lay- 
ing the girders not usually employed. As 
a rule either a crane car or false work is 
used, but in this case the company’s cars 
were in use elsewhere and they did not 
want to construct false work, the 
method shown in the accompanying view 
was used. 


The 


So 


method and construction of the 




















LAYING 


BRIDGE 


Although it is good practice to make 
t equal to b, the face of the wheel for an 
inch or so in thickness is often widened as 
at A in the sketch, and the extra weight 
thus added is taken off by rounding off 
the rim at B. 





GIRDERS 


NEAR DECATUR, ILL. 
sling is so plain as to need no explanation, 
except that the pulling and staying lines 
were both operated from the same engine. 
The pulling line is shown running back 
under the car, the end connected to the 
top of the sling being out of sight. 
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Negligence and Danger in the 
Operation of Small Plants 


By J.P: Lis« 

During April the writer was called upon 
to visit some steam-sawmill plants in the 
district known as the “Jersey Pines.” a 
large tract of woodland in the south- 
central part of New Jersey. To say he 
was surprised at the condition in which 
he found things at those plants, would be 
a very mild word to use; he was simply 
horrified. It seemed incredible that the 
things which are about to be described 
could possibly exist in any enlightened 
community where people value their lives 
and property. 

The engineer in charge of the plant was 
asked if he had ever been present, or in 
the vicinity, when a boiler had exploded. 
He said that he never had such an experi- 
ence, and never expected to, as all the 
mills where he had worked, the present 
one included, had boilers with so many 
holes in them for the steam to escape 
through, it would be impossible for them 
to get pressure enough to blow them up. 

Fig. 1 shows a side elevation of the 
engine and boiler, a semi-portable type 
quite generally used in sawmill work. 
The engine is an 8x9, running at 250 revo- 
lutions per minute, with 95 pounds gage 
pressure. The speed is controlled by a 
Pickering governor belted as shown. It 
works very well as long as the belt is in 
good repair, which happens sometimes. 

The exhaust is piped to the smoke-box 
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by which boilers were supplied with water, 
and for portable engines and locomotives 
ii was the only way. Some of the stunts 
that used to be done when we lost the 
water would be very interesting to read 
about.) There is also an injector which 
works fairly well by spells. There was no 
feed-water heater in any of the plants 
visited; consequently, the water was de- 
livered to the boiler at whatever tem- 
perature it happened to be, from 70 de- 
grees Fahrenheit down to the freezing 
point, depending upon the time of year. 


LocATION OF FEED-wATER INLET Bap 


The place where the water is delivered 
to the boiler is the very worst that could 
be found. The only apparent reason for 
its entrance at that point is that it is a 
very handy place for the pipe-fitter to 
work at, and it saves pipe and fittings. 
3y looking at Fig. 1, it will be seen that 
water is delivered into the very hottest 
part of the boiler right against the front 
tube-sheet of the fire-box and the back 
end of the tubes, which subjects the metal 
at these points to the greatest extremes of 
temperature. The result of this faulty 
construction was in evidence in the leak- 
ing tubes, the cracked tube-sheet and a 
very bad leak in the throat-sheet joint. 
This joint had a deposit of lime, for more 
than two-thirds of its circumference, nearly 
an inch thick. The steam was blowing 
through in such a cloud that a very close 
inspection was impossible. 

It is hard to understand why builders 
of portable engines and boilers are so 
inconsiderate of their own interests as to 
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FIG. I. SAWMILL BOILER AND ENGINE 


in the front end »of the boiler, also to a 
in the mill. There is an ar- 
rangement of valves whereby the steam 
may be used to blow the fire, or go to the 
steam-box, or a part of it be used for 


steam-box 


either purpose, as occasion demands. 
Feed-water is supplied to the boiler by 
a pump operated directly from the cross- 
head of the engine. (Thirty years ago the 
crosshead pump was about the only means 


allow their boilers to be piped in such a 
manner, when at a slight additional ex- 
pense the feed-piping could be arranged 
as per Fig. 3, which gives a good distri- 
bution of the entering water in the coldest 
zone of the boiler, allowing as nearly as 
possible a thorough mixture of the hot 
and cold water before contact with the 
metal of the tubes and tube-sheets. The 
writer’s experience in making repairs and 
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inspecting boilers, has taught that the 
location of the feed-water inlet has a great 
deal to do with the repair bill, length of 
service and efficiency. This applies to all 
kinds of boiler, and regardless of the 
temperature of the feed-water, whether 
60 or 212 degrees Fahrenheit. 

The side sheets around the fire-box 
were in very bad condition; some of the 
stay-bolts were eaten entirely in two, and 


Section through 
A B enlarged. 


Staybolt bent down to 
4}make Room for Plug. 


nr 
Plug | { 








FIG. 2. 


in two cases repairs were made according 
to the enlarged detail shown by Fig, 2. 
The outside end was removed and the in- 
side half bent down to make room for the 
wooden plug as shown. Why the outside 
end was eaten away, while the inside re- 
mained tight, is hard to explain. The 
same thing has often been noticed in loco- 
motive boilers of the deep water-leg type. 

There was a large patch on the fire-box 
that looked as though it had been put on 
by an amateur or apprentice. The only 
purpose it served, apparently, was to keep 
the water from Llowing directly on the 
fire; it had to shoot out around the edges, 
which probably gave a better distribution. 

The crack in the tube-sheet does not 
give much trouble, or it only leaks badly 
when the safety vzlve sticks and the pres- 
sure goes above 95 pounds. It is then a 
hard matter to pump the water fast 
enough to supply the boiler. “However, 
with the injector and pump, we generally 
manage to get things straight without 
pulling the fire,” said the engineer. 

When asked about the economy, he re- 
plied: “Oh, that is all right; we have 
more wood and water than we know what 
to do with, and the more I burn up in the 
boiler (meaning the wood) the less there 
is to cart away to the dump, and as for 
me, | am not paid according to the amount 
of work I accomplish, but for the num- 
ber of hours I stay on the job, and my 
ability to keep the wheels going around.” 

The sheets around the 
rusted away until less than 60 per cent. of 
the original metal remained. This, to- 
gether with the weakened state of the en 
tire structure, due to broken stay-bolts, 
cracked sheets and sirained seams, makes 
it a mystery how the thing holds together 
with 95 pounds stean: pressure per square 


bottom were 


inch inside of it. According to calcula- 
tion, it. should have been blown up and 
totally destroyed, but it is there yet 
(May 1). 
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How To PREVENT SucH CONDITIONS 


A step in the right direction is the 
licensing of engineers, after a careful 
examination into their fitness to take 
charge of steam-power plants. But it 


does not go far enough; it reaches only 
those plants that, due to their complex 


arrangement, must have men of intel- 
ligence and large experience to oper- 


ate them, while the small plants, such as 
described herewith, are not subject to any 
laws or supervision, except the coroner’s, 
and when it becomes necessary for him to 
visit, officially, the place where a plant has 
been, the persons most directly interested 
have departed to a place from which no 
one returns to enjoy the benefits of pro- 
tective laws and safeguards. They will 
have suffered the consequences of an un- 
avoidable accident, due in a measure to 
their own negligence in not reporting to 
the proper authorities the dangerous con- 
dition of the apparatus in their charge. 
Then arise the questions: Who is the 
proper authority? What official is desig- 
nated by law to attend to such matters, 
and what steps are necessary to be taken 





POWER AND THE ENGINEER. 


pounds pressure on the boiler and sys- 
tem, with plenty of fire left to make more 
steam, if it held together much longer. 
The safety valve was stuck, the damper 
in the smoke pipe was broken in halves 
and from the rod, and the janitor had left 
the ash-pit door open. A very good com- 
bination to make trouble. 





The Practical Value of Explosion 


Covers 





By UtricH PETERS 


Blast-furnace gas explosions, which have 
occurred quite frequently at different 
plants, with more or less disastrous re- 
sults, raise a question as to the safety of 
gas receptacles in general, and also sug- 
gest the need of radical changes in the 
manner of constructing blast-furnace tops, 
dust-catchers, gas-holders and other mod- 
ern appliances for cleaning and purifying 
gas, which are subjected to unavoidable 
accumulation of explosive gas mixtures. 
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make safe, for example, the plant de- 
scribed? It would mean the purchase of 
a new boiler, or go out of business, and 
when you make charges that interfere 
with a man’s business, you must have 
good grounds and prove a lot of concrete 
facts to sustain position, or be 
choked by the dust you have stirred up. 

The dangerous plants referred to in the 
foregoing are more prevalent in small 
towns and isolated factories than in the 
larger cities, where boiler insurance and 
inspection in a measure provide a safe- 
guard against accidents. However, there 
are more which are a decided menace to 
the public safety than are desirable, and 
the writer that engineer, 
every reader of Power AND THE ENGINEER 
and other technical papers, will do their 
best to protect not only themselves, but 
every fellow-worker from the danger of 
boiler explosion. 

Just one instance of the action of a 
“perfectly safe” house-heating boiler: The 
janitor fired it up, got up steam, filled the 
furnace with coal ana went away and left 
it. When a fitter came to make some re- 
pairs to a radiator valve he found 35 


your 


hopes every 





Cross Section 


A GOOD WAY TO ARRANGE FEED-PIPING 


the cleaning apparatus of blast-furnace 
and producer-gas engines, caused chiefly 
through “back-firing.”” Such explosions 
generally start at a point nearest to the 
engine, and usually the tops, together with 
the so-called explosion covers, let go in 
quick succession. These covers, as far as 
the writer can make out, are chiefly orna- 
mental, and were probably conceived in 
our grandfathers’ time through a mistaken 
notion that they are safety devices. 

Why is it that in case of an explosion 
these safety covers do not do their duty? 
The answer is very likely to be found in 
the greater inertia of the comparatively 
heavy explosion What an im 
portant part inertia plays on the mass can 
be found in any book on 
physics. An interesting experiment along 


cover. 
elementary 


this line can be demonstrated by a sud- 
den pull on the weight W, Fig. 1, here- 
with. Although the weight is suspended 
by a lighter string A than the string B, 
it is the latter which breaks, leaving the 
weight suspended. The role inertia plays 
on explosion covers can be demonstrated 
more fully by the following calculations. 
The writer is fully convinced from facts 
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which have under his observation 


that the results are rather below 


come 
norma! 
It is well known that some small, well 
balanced, four-stroke-cycle gas engines ar: 
able to make more than 2000 revolutions, 
or 4000 strokes, per minute, and that some 
times in the period of less than one-fourt)} 
of the stroke a full explosion takes plac: 
Hence, 16,000 


suc detonations, 


which combine to make a full explosion, 


cessive 


Hitt -~ 7 
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FIG. I 


is not an unreasonably ideal figure to as 
sume. In other words, the time of an ex 
plosion during which the normal gas pre: 
sure is raised to the critical pressure ma 
be less than 1/250 of a second. 

At®cording to several authorities and ex- 
periments, the propagation of the ex- 
plosion flame should be about 1000 feet 
per second, or nearly equal to the velocity 
of sound in air, for illuminating gas, pro- 
ducer gas blast-furnace gas. Ir 
hydrogen and oxygen gas the detonatior 
travels at the immense speed o? 
gooo feet per second, approximately. 1: 
is also said that the speed of explosion 1: 
slower in small pipes than in gas conduc- 
tors of large area, in proportion to the 


and 


wave 
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without doubt explains why the explosion 
of several gas-holders connected througi 
piping take place in succession and not all 
at once. The rise of pressure due to the 
chemical action of cxplosive gases under 
pressure slightly above the atmospheric is 
for illuminating gas as high as 91 pound: 
per square inch; for producer gas, 15 tc 
20 pounds; and for blast-furnace gas, 14 
pounds per square inch, maximum. It i: 
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therefore very important to proportion the 
strength of the various gas receptacles 
and apparatus at least to withstand these 
pressures, which in many instances is not 
accomplished. 

Referring to Fig. 2, a receptacle which 
contains blast-furnace gas under a gage 
pressure of one pound per square inch 
will burst or rip open at the critical pres- 
sure of only 12 pounds; that is, 3 pounds 
below the maximum pressure of ex- 
The safety covers are weighted 
to lift at 1% pounds static pressure. For 
the sake of further simplicity in the mat- 
ter of figures, the rate of the increase of 
the occurring explosion pressure is taken 
as uniformly advancing according to 
the straight line A B, Fig. 3. Naturally, 
the increase of pressure is not uniform 
and will be more nearly represented by the 
dotted curve. It starts slowly and ends 
more rapidly. 

Taking the former 1/250 of a second 
as the time from the beginning of the ex- 
plosion until all is over, then the increase 
of the pressure becomes a function of the 
time and can be expressed by the simple 
equation: 


plosion. 
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where 
P=) and to 
\fter an interval of time ¢ = 1/500, 


P= 06% pounds, and at the end, t = 1/250 
and P= 12 pounds. 


The accelerating force on the explosion 


cover is: 

F—= P—1%=2750t — 0.5, 
where F=0, and when t:= 1/2750, F 
expresses the time at which the cover 
commences to be accelerated and move 


from its seat. 
Following is another acceleration for 
mula: 


F L£ 
p _ = = Ww ” (27507 —0.5) = 225-4, 
where 
g = 32.2, or gravity, and 
I’ =1% pounds, the weight of the 


cover per square inch. 


According to another formula, the space 
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traveled by the cover between the time 
periods, ft; and f, is: 

s= (¢— ee — en | 

2 75° 
foot, or 0.018 inch. 

This slight hight the cover will have 
been raised is far from doing any effective 
service, as these cover missiles have been 
thrown more than 1500 feet from the 
scene of the explosion. In one way such 
missiles play havoc among the men in the 
yards; in another respect, the cover is not 
able, on account of its inertia, to raise 
sufficiently from its seat just at the criti- 
cal time. 

A suggestion which the writer has to 
offer would be the use of a thin non-cor- 
rosive metallic sheet, as in Fig. 2, 





= 0.00149 


which 
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Catechism of Electricity 





SWITCHBOARD WIRING AND OPERATION OF 
DIRECT-CURRENT DyYNAMOS 


709. What general precautions should 
be observed before starting up a dynamo? 

Notice must be taken that everything 
is in proper running order. First of all, 
the machine must be clean, and all bolts 
and screws must be properly tightened. 
The connections must be in good condi- 
tion, that is, every wire must be in its 
place, and there must be no unintentional 
grounds or short-circuits. The oil cups 
must be filled to the proper hight as in- 
dicated by the gage, and the oil rings 
must be free to move. Care must be 
taken to have the brushes adiusted and 











ELECTRIC DOCK HOIST 


will burst under a certain abnormal pres- 
sure, 





Electric Dock Hoist 


In the yards of the Commercial Boiler 
Works, in Seattle, Wash., a 65-ton boiler 
was raised from the dock and placed in 
position in the hold of the steamship 
“Pennsylvania” in twenty minutes. The 
illustration shows the boiler about to be 
placed in the hold. 

The hoist used supplied by the 
Lambert Hoisting Engine Company. It is 
driven by a 40-horse-power type K West- 
inghouse direct-current motor controlled 
by a drum-type controller, affording nine 
forward and nine reverse speeds. From 
the drums of the hoist a 34-inch steel 
cable runs to the top of the shtar legs, 
where it reeves through a set of blocks 
capable of lifting from 75 to go tons. 


was 


set so that the commutator will not run 
against them, if they are of metal. 

710. In starting up a new machine, 
what general rules should be observed? 

Before applying the source of power, 
the rotating part of the dynamo should 
be turned around a few times by hand 
to see that the shaft moves freely. Then 
the dynamo should be started up very 
slowly, and watched closely so that it 
may be stopped immediately if anything 
should go wrong. When it is nearly up 
to normal speed the switch in the field 
circuit may be closed, but all the rheostat 
If a com- 
paratively low voltage is then generated, 
the machine may be brought to its normal 
speed, after which the rheostat resistance 
should be cut out gradually until the full 
working voltage, or a little less, is ob- 
tained. In this condition the 
should be allowed to run for 
hours, without load. 

The circuit to which it is to be con- 


resistance should be in circuit. 


machine 
several 
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nected should give a comparatively small 
load at first. The fuses then being in 
position, and of the proper capacity, the 
circuit-breaker may be closed and then 
the main switch thrown. The ammeter 
should at once be observed; if every- 
thing is all right, its indication will be 
relatively low. The voltage may then be 
brought up very gradually. For few 
hours, both the current and the electro- 
motive force should be kept somewhat 
below the normal rating of the dynamo. 

After it is known, beyond doubt, that 
the bearings, windings and other parts of 
the machine are working properly, the 
load may be gradually increased, but it 
is usually advisable not to make it very 
heavy for several days. If the machine 


a 


has any serious faults they are liable to 
during 


make themselves evident this 





netism, 
flashing at the contact points where the 
circuit is opened, unless the opening takes 
place in a circuit-breaker which is in- 
tended 
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the 


the mechanical shock, and 


for this usage, likely to 


damage the affected parts. 


are 


712. What precautions are necessary 
in operating shunt-wound dynamos in 


multiple ? 

Before connecting a dynamo in multiple 
with one that is running and carrying a 
load, it make that 
the positive terminals of both machines 
will be connected to the bus-bar + 
and that the negative terminals will be 
connected together when the switches are 
closed. The voltage of the machine 
which is to be “thrown in” circuit should 
be brought up until it is one or two per 
cent. higher than that of the loaded ma 


is necessary to sure 


same 
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FIG. 238. 
length of time, and it may be possible to 
remedy, if necessary, before 
serious injury is done. While changes 
in load are being made, every part of the 
machine should be carefully watched, 
especially in regard to the temperatures 
of the different parts. 
711. How should a direct-current dy- 
namo be shut down? 
If operated alone, it should be shut 
down but cutting off the motive power; 


apply a 


the current will then gradually decrease 
has 
circuit- 
breaker may be opened without sparking 
Except in an emer- 
gency, a dynamo should never be discon- 
nected from the circuit it is feeding until 
the current has been reduced to an in- 
significant value. The discharge of mag- 


machine 
and 


zero, and when the 
stopped, the main switch 


to 


or other difficulty. 
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SWITCHBOARD WIRING FOR SHUNT-WOUND GENERATORS OPERATED IN MULTIPLE 


chine. The main switch of the “in-com 
ing” dynamo may then be closed, and by 
watching the ammeters and regulating 
the rheostats each machine can be made 
to take its share of the load. 

713. Hew should a shunt-wound dyna- 
mo which is operating in multiple with 
be shut down? 

The resistance in its field rheostat must 
be cut in until the ammeter in the main 
circuit of the machine indicates that it is 
Then 


others 


carrying only a very small current. 
the circuit-breaker may be tripped and the 
Particular care must 
the shunt-field 


dynamo shut down. 


be exercised not to open 


circuit of a dynamo which is running in 
multiple with another, as that would cause 
one of the machines to be short-circuited 
through the other, and without the opera- 
tion of a quick-acting circuit-breaker or 
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fuse it would cause the burning out of 


both armatures. 


Illustrate and describe how a 


714. 


switchboard should be wired for shunt 


wound dynamos operated in multiple. 
Fig. 238 shows the plan of switchboard 
wiring for three dynamos connected to the 
at and ¢. 
m, 


wires 
h and 


cennected to the positive terminals of the 


a. ¢ Only two bus-bars, 


are employed, one of which is 


machines, while the other is connected to 
the negative terminals. To these bus-bars 
are also connected the out-going wires at 
b, d and f. 
be increased to any desirable number as 
long as the machines will supply the de- 
mand. 


The out-going circuits may 


The lamp and ground-detector connec- 
ticns have been omitted since they are 
exactly the same as in the preceding dia- 
grams. The main wires extend from the 
upper terminals of the 
t, instead of to the lower 


dynamos to the 
switches r, s and 
terminals in 
One plan is as 


as the previous diagrams 
good electrically as the 
other, the one providing the most conven 
ience in any particular case being prefer- 
able. Each dynamo circuit is provided 
with an ammeter, which is always neces 
sary, and is also voltmeter for 


there a 


each machine. It is possible, however, to 
operate with only one voltmeter on the 
board, but there should be at least two, 
one the bus-bars and the 
other so wired that it may be connected 


connected to 
with any one of the dynamos by means 
of switch. The satisfactory 
method, however, consists in having one 


a most 


voltmeter for each dynamo. 





Boiling Point 


The boiling point of a body may be de 
fined as the temperature above which a 
body passes into the state of a gas, rot 
only on the surface, but in the body of tix 
liquid; this temperature is, therefore, dif 
ferent for different 
cordingly a relative magnitude. 


pressure, and is ac 

The term boiling especially refers to the 
rapid production of vapor in the mass of 
the liquid itself. At the ordinary atmos 
pheric pressure ebullition-like fusion takes 
place at a definite temperature. 

When a liquid, water for example, is 
heated at the lowest part of a vessel the 
first bubbles are due to the disengagement 
which had been previously ab 
Small bubbles of vapor then b 
gin to rise from the heated parts of the 


of air, 


sorbed. 


sides, but as they pass through the upper 
layers, the temperature of which is lower, 
they condense before reaching the surface. 
The formation and condensa 
tion of these first bubbles the 
singing noticed in liquids before they be- 
gin to boil. Lastly, large. bubbles rise and 
burst on the surface, and this constitutes 
the phenomenon of ebullition. 


ing Review. 


successive 


occasion 


Engineer- 





1048 


OQOWER 


THE ENGINEER 


DEVOTED TO THE GENERATION AND 
TRANSMISSION OF POWER 


Issued Weekly by the 


Hill Publishing Company 


Joun A. Hitt, Pres. and Treas, Ropert McKean, Sec’y. 


505 Pearl Street, New York. 
6 Bouverie Street, London, E. C. 


Correspondence suitable for the columns of 
Power solicited and paid for. Name and ad- 
dress of correspondents must be given—not nec- 
essarily for publication. 

Subscription price $2 per year, in advance, to 
any post office in the United States or the possess- 
ions of the United States and Mexico. $3 to Can- 
ada. $4 to any other foreign country. 

Pay no money to solicitors or agents unless they 
can show letters of authorization from this office. 

Subscribers in Great Britain, Europe and the 
British Colonies in the Eastern Hemisphere may 
send their subscriptions to the London Office. 
Price 16 Shillings. 

Entered as second class matter, April 2, 1908, at 
the post office at New York, N. Y., under the Act 
of Congress of March 3, 1879. 


Cable address, ‘‘ Powpus,”’ N. Y. 
Business Telegraph Code. 








CIRCULATION STATEMENT 
During 1907 we printed 
291,500 copies of PoWwER. 
Our circulation for May, 1908, was (weekly 
and monthly) 156,000. 


and circulated 








A Ser er eer ete 35,000 

NE file oe on cis ep akad oceans 40,000 

WI ioe a 900 2 treeneietae 40,000 

NE Es aie acictacs ayekecavare 40,000 

Se. Ce ee Aaa 40,000 
None sent free regularly, no returns from 
news companies, no back numbers. Figures 

ore live, net circulation. 

Contents PAGR 
Use of Wood as Fuel for Steam Boilers.... 1015 
Comments on Turbine Operation. ........ 1018 
The Absorption System Made Simple...... 1019 
Fly Wheel Explosion at Nazareth, Penn... 1021 


Why Gas Producers Are Not More Success- 
PE ORES PoE mee ane ee 
Water Brakes for Testing Steam Turbines.. 1025 
An Inconvenient Plant. 102 


Sizes of Shafts without Mathematics. ..... 1027 

Bursting and Collapsing Pressures of Boiler 
EE ee rr eae ee 1030 

Catch Questions and Prevarication........ 1031 


Practical Letters from Practical Men: 
Carbon Packing in Curtis Turbines... . 
Valve Chambers without Decks for 
Pumping Engines.... Reinforcing the 
Arch of a Dutch Oven Furnace... . 
Defects in Crosshead Construction... . 
What Caused the Kinks. ... Emergency 
Repairs... ./ A Handy Platform in the 
Boiler Room... .Criticism of Diagrams 

.Low Water and Boiler Explosions 

...Metallic Packing. ...Water in the 

Wheel Pit....Examination Question 

on Indicator Diagrams... . : A Simple 

Problem in Mechanics... ..Using Boiler 

Compound....Tests on Live Steam 

Feed Water Heating....A Device for 

Turning Commutators....What an 

Engineer Should Know... . Accident to 

Steam Cylinder. ...Effect of the Drift 

Pin....Can an Indicator Diagram 

Detect Leaks?. Making a_ Slide- 

valve Model....Why is the Receiver 

Noisy? Why the Pipe Split....A 

Good Way to Form Pull Rings on Ten- 

sion Springs....Arranging a Steam 

Main... . Equalizing Clearance Stopped 

the Knocking....Removing a Tight 

Bushing....What Causes the Cross 

Currents?....Effect of Compounding 

Upon Cylinder Condensation. ....1032-1042 


Designing a Fly Wheel............. 1043 
Laying Bridge Girders. ............:.. 1043 
Negligence and Danger in the Operation of 
|” RRR rare ae ae rere aaron 1044 
The Practical Value of Explosion Covers... 1045 
Bilectric TOGK BIO... wc cia nen 1046 
Catechism of Bilectricity. ... ........<cececes 1046 
IN, oc. Boren aloe acess aia dovneneene 1048 -1049 


POWER AND THE ENGINEER. 
A Ten Million Dollar Coal Bill 


In a determined effort to secure still 
greater economy in the use of coal and 
at the same time reduce the smoke nui- 
sence, the Pennsylvania railroad has _ in- 
stituted a special campaign of education 
among its engineers and firemen. A gen- 
eral order has just been sent out over all 
the lines east of Pittsburg to the effect 
that “smoke means waste and must be 
avoided.” The company has five assist- 
ant road foremen of engines at work in 
and near Pittsburg instructing firemen 
with ‘a view especially to reducing the 
quantity of smoke emitted by engines. 
Now it is the purpose of the railroad to 
reduce the smoke not only in places 
where the smoke itself is particularly ob- 
jectionable but all over the system, in 
order to secure better economy in the use 
of coal. 

What even a small economy in the use 
of fuel will mean to the Pennsylvania 
company, in addition to the reduction of 
smoke, is evident from the fact that on 
the Pennsylvania railroad proper it re- 
quired last year approximately ten pounds 
of coal to generate the steam necessary 
to haul one freight car one mile. The 
safety valve of an engine, if left open a 
minute, will lose an equal amount of 


steam. The Pennsylvania railroad freight 
work last year aggregated one billion 
two hundred forty-eight million four 


hundred forty-nine thousand three hun- 
dred car-miles, and its coal bill was about 
ten million dollars. Therefore, the sav- 
ing of even one per cent., by more efficient 
handling of coal, will result in a saving of 
one hundred thousand dollars annually. 

Just imagine the money that successful 
producer-gas locomotives would save if 
they could be had. 





Ice on Hot Boxes 


A correspondent desires the opinion of 
other engineers on the practice of some- 
times putting ice on hot journals. It 
would seem that if journal bearings are 
rightly designed and lubricated they 
should run indefinitely without necessi- 
tating the application of ice to carry away 
the heat generated by friction. An engi- 
neer is usually employed for the purpose 
of keeping the machinery of a steam plant 
in order and running during certain speci- 
fied hours. If, through inattention or ig- 
norance, or both, on the part of the engi- 
reer, the bearings develop undue heat, 
that heat should be taken care of before 
it can interfere with the operation of the 
plant. Babbitt metal will not run if kept 
cool, and when heat develops it should be 
treated with the most efficient cooler 
available. 

The plant is installed to run? and run 
it must, and the methods by which it is 
kept in operation are in a measure secon- 
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dary considerations. There are engineers 
of apparently very ordinary ability who 
never meet with any sort of trouble in the 
operation of their plants. Follower-bolts 
don’t break, joints don’t leak and boxes 
don’t get hot. There are others—brilliant 
engineers, fertile in resource and mechani- 
cal ingenuity—who are constantly called 
upon to use sulphur, salt, cylinder-oil, 
graphite and sometimes water or even ice 
to finish a run. When such emergencies 
occur the use of ice may be called good 
practice, but the practice of allowing jour- 
nal bearings to get into such a condition 
that other than ordinary attention is 
needed must be classed as bad. 





The Engineer and Mathematics 





Questions are frequently received ask- 
ing that the answers be given in arith- 
metic, as the writer does not understand 
algebra, geometry or trigonometry. While 
this statement is a very common one it 
often raises the question: Why does an 
engineer who really wishes to know things 
stop with arithmetic? If he understands 
multiplication and division he has all the 
factors needed for a thorough understand- 
ing of algebra, geometry and trigonome- 
try, and many if not most of the mathe- 
matical problems that come to the engi- 
neer are more easily solved by methods 
other than those of arithmetic. 

For instance, an engineer asks the per- 
pendicular distance from the surface to 
the bottom of a mine shaft three thousand 
eight hundred fifty-six feet deep, inclined 
at an angle of twenty-two degrees to the 
surface, and desires that the problem be 
worked out in arithmetic. Now as a 
matter of fact the editor to whom this 
particular problem was referred had years 
ago forgotten the cumbersome arithmeti- 
cal process by which the length of one of 
the sides of a triangle could be determined 
when one other side and two angles were 
given, and to comply with the request 
had to hunt up an arithmetic and look up 
the rule. Had the engineer who asked 
the question put the same amount of time 
into the study of the use of the table of 
natural sines that he put into writing 
this letter and earning the money to pay 
the postage upon it, he could have solved 
this particular problem in three minutes, 
and he would also have learned how to 
solve all the problems relating to right- 
angled triangles that could possibly come 
to him in a lifetime. 

There is no reason why an_ engineer 
should be frightened by the words “alge- 
When 
the electric generator and electric motor 
were placed in his charge, he did not get 
frightened but tackled the problem of 
their operation and mastered it, man- 
fashion, and in thousands of cases he de- 
signed and built motors and generators 
for his own use. The time and study that 


bra,” “geometry,” “trigonometry.” 


it takes to design and build a small gen- 














June 30, 1908. 


erator, if put into algebra will give one a 
good working knowledge of the science. 
Aigebra, geometry and trigonometry bear 
about the same relation to arithmetic that 
walking and running do to creeping, and 
the engineer who balks at formulas be- 
cause they something beyond 
arithmetic is creeping where he should 
walk or run and is hindering his own 


progress. 


involve 





Large Gas Engines in Service 

Within the past two or three years there 
has been accumulated a_ considerable 
quantity of valuable experience with gas 
engines of two thousand horse-power and 
upward in operation, and it is interest- 
ing to learn that one of the most “in- 
tractable” features of such engines is the 
piston-rod packing. The conditions, of 
course, are much more severe than those 
in steam practice; the maximum pres- 
sures are from twice to thrice those de- 
veloped in a steam cylinder, the maximum 
temperatures and the temperature fluctua- 
tions are enormous and the rod works in 
a bone-dry space—in fact, gas-engine 
packing conditions are those of a steam 
engine working with superheated steam, 
greatly aggravated. Those who have fol- 
lowed up European developments are fa- 
miliar with the complex rod packings 
that have been devised across the Atlantic, 
but even the benefit of European ex- 
perience has not sufficed to enable design- 
ers to solve the problem in this country 
in one attempt, or even two. It is really 
a difficult problem; one large builder 
whose engineers have an abundance of 
technical qualifications and unusual “horse 
serse” has made several attempts and is 
not yet satisfied with the results obtained. 
The chief difficulty appears to be to make 
the packing tight enough without causing 
it either to cut the rod or to wear itself 
out with prohibitive celerity. A rod pack- 
ing that is not gas tight against the maxi- 
mum pressure of explosion can cause se- 
rious trouble in the way of back-firing and 
pre-ignition. Hot gases are forced into 
the packing during combustion and are 
sucked back into the cylinder during the 
inhalation stroke; if they are very hot, 
they fire the incoming mixture; if they are 
not quite hot enough for that, they are 
liable to fire the mixture during the com- 
pression stroke. 

Another, and difficulty 
that large work has developed is the un- 
fitness of cast iron for cylinders, espe- 
cially where a very quick-burning gas is 
used. If the wall is made thick enough 
to withstand the mechanical stress due to 
the explosion, it will be so thick that heat 
transmission to the jacket water will be 
sluggish. The-result is almost sure to be 
molecular fatigue in the inner part of the 
wall, producing surface cracks which, of 
course, soon extend clear through the 
wall. One of the American builders 
has found it necessary, in making cylin- 


more serious, 
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ders 


larger than thirty-six inches, to 
adopt the expedient of casting the barrel 
of steel and putting in a thin cast-iron 
liner to take the piston wear. This per- 
mits the of a much thinner wall, 
thereby facilitating the heat transmission, 
and the wall has much greater elasticity 
than a cast-iron wall of even the 
thickness. The barrel is practically shrunk 
ever the liner, the former being hot and 
the latter cold when they are assembled; 
the liner, consequently, is under compres- 
sion. 

Ignition systems are still finicky and 
treacherous, but operating reliability is 
readily attained by using multiple systems. 
It would appear that the rod packing and 
cylinder wall are really about the only 
sources of trouble that remain to be cor- 
rected in order to remove the stigma of 
unreliability from the large double-acting 
gas engine, and the prospect for the con- 
quering of these is most excellent. It is 
now about “up to” the producer designers. 


use 


same 





An Interesting Turbine Performance 


On a recent trip from Liverpool to 
New York the turbine steamship “Maure- 
tania” lost a blade from the propeller 
driven by the port high-pressure turbine. 
On her return to Liverpool, rather than 
delay her sailing westward again, the 
crippled propeller was removed and the 
ship came over with only three of her four 
propellers in commission. Steam was ad- 
mitted to the port low-pressure turbine 
through a 
passing first 
turbine, 


of 
the high-pressure 


reducing valve instead 
through 
as was the practice before the 
propeller was removed. To the surprise 
of everyone concerned, the ship made bet- 
ter time on this trip than she had ever 
done with all four propellers, and also 
beat the record of her sister ship, “Lusi- 
tania.” 

The reasons for this unexpected per 
formance are more or less obscure, but 
factors apparent which un 
doubtedly contributed to the fine showing 
made with the three propellers. In the 
first place, although persons know 
just what happens within the active range 
of a screw propeller, it is a well-estab 
lished fact that 
from the ideal condition of a solid, undis 
turbed body of water in which to work 
will reduce the efficiency of a propeller 
In this case, the absence of 
the port high-pressure propeller undoubt- 
edly improved the working efficiency of 
its low-pressure mate by eliminating all 
interference. In the next place, with only 
three out of four turbines in commission, 
and the unused member being a steam 
devouring high-pressure machine, the rela- 
tive boiler capacity was so much increased 
that it was undoubtedly easier than usual 
to keep up steam, and it is highly probable 
that the three active turbines were driven 
appreciably beyond their normal speed; 
the fact that an unusually good grade of 


several are 


few 


a very slight deviation 


astonishingly. 
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coal happened to be carried on this trip 
contributed the 
“driving” turbines. 


also to feasibility of 


three Unfortu 
nately, we have no information as to tl 


the 


speeds at which the turbines operated on 
this record trip, nor as to how the ship 
steered in comparison with the steering 
under normal propeller conditions; there 
is, therefore, no available evidence as to 
the relative work done by the lone low 
pressure turbine fed through a 
valve. 


reducing 


It has been suggested that the superior 
efficiency of low-pressure turbines as com 
pared with high-pressure machines of the 
same type contributed to the excellent per 
formance, but this is equivalent to saying 
that more power can be obtained from a 
low-pressure turbine supplied through a 
reducing valve than from a combination 
of and low-pressure tur 
In order that this could be true, 
the high-pressure turbine would have to 
heat its 
work amounted to, which is inconceivable. 


Old Corliss Works at Providence 
Burned 


On the morning of June 13 the old Cor 
the American and 
British Manufacturing Company, at Provi- 
dence, R. I., was badly damaged by fire. 
The fire was a severe one, completely de 
stroying about two-thirds of the 600 fect 
of the original one-story Corliss machine 
shop and damaging more or less the re 
mainder. The fire was fed by the old 
fashioned heavy truss roof with 
this building was covered, and as this roof 


high-pressure 
bines. 


waste more energy than useful 





liss engine works of 


which 


had been in existence some sixty years 
saturated with oil 
from the various shafting lines supported 
Owing 
to its intensity, it broke through into a 


and had become well 


by it, it made a very intense fire. 


portion of the new machine shops, and 
although they are practically fireproof, yet 
from the intensity of the heat there was 
considerable damage done, although not 
extending widely through the new build 
ings. 

The destruction in the old building was 
complete. In the new building, four new 
of busi 
ness, two of them entirely destroyed, and 
the steel limited 
considerably damaged, but the tools in the 
new buildings were 


traveling cranes were put out 


work over a area was 
not much injured. 

As to the effect on production, the busi 
the ebb known for 


many years, and therefore this effect will 


ness was at lowest 


be a minimum. Most of it can be pro 
vided for without very serious damage 
to customers. 


The power plant was burned out, so as 
to cause a complete shut-down. This will 
probably not exceed a month at the out 
side. The intention is to rebuild, in part 
at least, without delay, and it is hoped 
that by the time good again 
comes new buildings will be in commis 
sion. 


business 
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Power Plant Machinery and Appliances 


Original 


No Manufacturers’ 


Descriptions of 


Cuts or 


Power 
Write-ups 


Devices 


Used 





MUST BE NEW OR 


“Simplex” Pipe Clamp 





Attention is called to the “Simplex” 
pipe clamp manufactured by the Simplex 
Engineering Company, Philadelphia, Penn. 
A sectional view is shown in Fig. 1 as 
it appears on a pipe. It will be seen that 
by the direct application of the set-screw 
D over the inside ring, or gland B, which 
is directly over the packing A, the packing 
is forced up to the leak. The bolt F holds 
the two halves of the outside ring C so 
that the clamp can be applied to the leak 
while the pipe is under full steam pres- 
sure. The cup-pointed set-screws E are 
screwed up against the pipe to prevent the 
clamp from slipping away from the joint 
when adjusting the packing with the set- 
screws D. Fig. 2 shows the clamp as 
applied to a flange-and-elbow connection. 

The clamp is said to be effective under 
the worst conditions, and so simple that 
it can be applied by anyone with an ordi- 
nary wrench. 





New Crane Pipe Machine 


This machine has been placed on the 
market by the Crane Company, Chicago, 
Ill, The die-head is bolted to a movable 
carriage, having ample travel. Upon the 
die-head are the dies, pipe guides and cut- 
ting-off tool. The dies are of the adjust- 
able type and are made collapsible. They 
are carried in suitable frames, sliding in 
guides, and are moved by a screw oper- 
ated by a hand-wheel. The dies are set 
to gage by a simple locking device, which 
allows any number of pieces of pipe of the 


INTERESTING 

















FIG. I. SHOWING SECTION OF “SIMPLEX” PIPE CLAMP 


same size to be threaded without any fur- 
ther adjustment. These dies have four 
cutting edges and will give good service 
on either steel or wrought-iron pipe. The 
dies are interchangeable. 

When cutting off a pipe it is guided by 





























FIG. 2. “SIMPLEX” CLAMP APPLIED TO A FLANGE-AND-ELBOW CON NECTION 


NEW CRANE PIPE MACHINE 
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two steel guides, hardened on the face. 
These guides are operated by a right-and- 
left screw and hand-wheel. The cutting- 
off tool is operated by a lever and rack. 
The gripping chuck is of the quick-grip- 
ping type, and the pipe may be released 
and gripped by the throwing of a lever, 
without stopping the machine. The chuck 
is adjustable to the different sizes of pipe 
within range of the machine without mov- 
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of which is followed by three star cutters 
mounted on the same shaft. The second, 


or rear arms contain three cutting stars 


each, and remove particles which may 
have escaped the forward wheels. The 
cone and star cutters are the only parts 


subject to much wear, and they may be 
easily replaced. The arms and pins are all 
hardened steel and made extra heavy, both 
to add strength and to give more power. 

















NEW WING-ARM 
ing or altering the jaws, which are of tool 
steel carried in steel holders and are re- 
movable. 

Oil is supplied by a small tank sup- 
ported on a swivel joint above the die-head. 
A second small tank is placed in the frame, 
and to this the oil from the dies returns, the 
supply being controlled by a pet-cock. Three 
changes of speed are obtained by gears 
which are shifted by a lever placed on the 
frame. All machines are supplied with 
the necessary crank for hand operation. 





New Wing Am Cleaner Head for 
Weinland Cleaners 


All Weinland boiler-tube cleaners are 
now being furnished with a new type of 





CLEANER-HEAD 


FOR WEINLAND CLEANERS 


A specially compact head with universal 
joint is made for cleaning curved tubes 


and special sizes are made for each size 
of straight tubes. cleaner-heads 
are manufactured by the Lagonda Manu 


facturing Company, Springfield, Ohio. 


These 





Vest Pocket Speed Counter 


The speed counter herewith illustrated 
is not quite three inches in length, and 
although small convenient to 
carry, it is by no means fragile. It regis- 
ters the exact number of revolutions. 

When indicating, the initial reading is 
taken and the final reading subtracted 
from it to obtain the number of revolu- 
tions. 


very and 


This speed counter has been placed 























VEST-POCKET 


head, the prominent feature of which is 
the large number of cutter wheels swing 
ing on crosswise arms and so mounted 
that they attack scale simultaneously in 
Each 
arm works entirely independently of the 
others, so that the general effect is ‘that 
of a 
once. 
with 


three different sections of the tube. 


number of cleaners all operating at 
The forward arms are provided 


conical cutter wheels in front, each 





SPEED COUNTER 

on the market by the American Steam 

Gauge and Valve Manufacturing Com 

pany, 206 Camden street, Boston, Mass. 
At the regular meeting of New York 


Association No. 47, N. A. S. E., held June 


13, F. L. Johnson, of Massachusetts No. 
15, and E. V. Lallier, of New York No. 
56, were made honorary members of 
No. 47. 
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Obituary 


It is with deep regret that we note the 
death of M. D. Nagle, Friday morning, 
June 19, after an illness of two months. 
He was fifty-five years of age, and at the 
time of his death was chief engineer of 
the large printing plant of Boorum & 
Pease, in Brooklyn, N. Y. For more than 
twenty years Mr. Nagle was chief engi- 
neer of the Murray Hill hotel, in New 
York. He was one of the oldest and most 
faithful members of the National 
ciation of Stationary Engineers, and was 


Asso 


past national president of that organiza 
tion. He was a charter member of New 
York Protective Association No. 23; N. A. 
5. = 
and 


. and to the last was a most sincere 
that 
Mr. Nagle was a home-loving man, the 
best of and the kindest of 


earnest worker in association. 


husbands 











THE LATE M. D. 


NAGLE 
fathers. He was a general favorite with 
everybody, fact, “Mike” 
was undoubtedly one of the most widely 


and, in Nagle 
known and best beloved men in engineer- 
the United States. The 
funeral was from his late residence, 385 
Greene avenue, Brooklyn, N. Y., on Sun- 
day, June 21. 


circles in 


ing 


The interment was at Cal 
vary cemetery. Mr. Nagle is survived by 


a widow, two sons and two daughters 





In view of the great depths to which the 
oil wells in Baku have to be carried, and 
the trouble consequently experienced in 


shutting out the waters met with in the 
upper strata, steel casing for lining wells 
is in considerable demand. The usual 


form of casing employed is iron-riveted, 
backed with cement to prevent water from 
getting through and flooding the well. In 
steel casing, however, the lengths screw 
into one another, and the process of shut 
ting out water is thereby greatly facili- 
tated. 
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Inquiries 
Questions are not answered unless they are 


of general interest and are accompanied by 
the name and address of the inquirer. 








Volumes and Pressures 


I have a tank 2 feet in diameter by 
8 feet high. If I fill it with air at 100 
pounds pressure per square inch and then 
pump in enough water to compress the 
air into 2 feet of the tank, what will the 
pressure be? What would the pressure 
be if the water dropped 2 feet? Will it 
be 500 pounds? 

G. E. H. 

When the temperature remains con- 
stant the product of the volumes and abso- 
lute pressure is constant. You have to 
start with 8 volumes at 100 pounds pres- 
sure (assuming that the 100 is absolute 
&5-gage) and the product of these is: 

100 volumes X 8 volumes = 8o0. 
Then the volume for 500 pounds would 
he: 

800 -- 500 = 1.6, 


i.e, you would have to reduce the 8 vol- 
umes with which you start to 1.6 volumes. 
The air would be heated by compression 
and would at first have a greater pressure 
with this reduction of volume, or the de- 
sired pressure with a less reduction; but 
when the temperature went back to that 
with which you started, the above rela- 
tion holds true. 

If your 100 pounds is gage pressure, 
then the absolute initial would be 114.7, 
and to get a final of 514.7, the volume 
would be: 


114.7 x 8 
514.7 


approximately. 


== 1.8, 


Making a Simple Water Rheostat 


How can I make a simple and practical 
water rheostat to absorb moderate power? 


W. B. B. 


Get a kerosene barrel, a circular slab of 
iron slightly smaller than the head of the 
barrel, another slab of iron slightly smal- 
ler than the first one, and 20 feet of large 
rubber-covered flexible cable. Connect 6 
feet of cable to the larger slab and put 
it in the bottom of the barrel. Connect 
the remainder of the cable to the smaller 
slab and suspend it by a small rope and 
pulley so that it will hang horizontal in 
the barrel and can be raised and lowered 
to vary the resistance. Fill the barrel 
with water and add common salt to get 
the minimum required resistance when the 
hanging slab is as near the stationary one 
as it will hang without touching at the 
edge. 


Charging a Storage Battery Through a 
Resistance 

In charging a storage battery from a 

circuit of much higher voltage than that 

of the battery, a bank of lamps is used 


as a resistance between the battery and 
the supply circuit. Does it make any dif- 
ference whether the lamps are connected 
in the lead from the positive terminal of 
the battery to the dynamo or in the lead 
from the negative terminal to the dyna- 
mo? 
€..3. 0: 
None whatever. 


Gas Engine and Steam Engine Output 


In arranging to substitute a gas engine 
for a steam engine, how can the proper 
size of gas-engine cylinder be estimated 
from the steam-engine cylinder? 


That depends on the types of engines 
under consideration and the kind of gas 
you expect to use. Assuming a single- 
cylinder, non-condensing steam engine 
and a_ single-cylinder single-acting gas 
engine working on the four-stroke cycle, 
and also assuming equal piston speeds in 
both cases, the gas engine would need to 
have a piston diameter from 1.3 to 1.5 
times that of the steam engine, according 
to the kind of gas. 


Alternators of Different Sizes in Parallel 

Can a 75-kilowatt alternator be operated 
in multiple with a 200-kilowatt alternator, 
dividing the load properly? Both are 
direct-connected to individual engines and 
have individual exciters. 

5.. Di Meck. 

They can be operated in multiple and 
made to divide the load properly at any 
one load by adjusting the engine gov- 
ernors. They will probably not divide the 
load proportionately, however, at any 
other load than that for which the adjust- 
ment was made, but the discrepancy will 
not be objectionable unless the machines 
are of radically different designs. 


Changing the Voltage of a Dynamo 

The armature of a 110-volt dynamo has 
been rewound to give 220 volts, and a 
resistance put in with the field- 
magnet winding becomes so hot as to give 
trouble. How can the field-magnet coils 
be rewound to take the full 220 volts and 
eliminate the extra resistance? 

D. McN. 

Rewind the coils with magnet wire three 
gage numbers smaller than that now on 
them, and make the winding a trifle 
deeper or thicker (from the core out) to 
compensate partly for the greater propor- 
tion of insulation on the wire. 


series 


Temperature of Steam 
Reducing Valve 


After Leaving 


After passing through a reducing valve, 
will the steam have the temperature of the 
initial pressure or not? If not, what be- 
comes of the heat? 

RS 

After passing through a reducing valve 
the steam will not have the temperature 


of the initial pressure. The heat super- 


heats the steam above the temperature 
due to the lower pressure. For example, 
a pound of dry, saturated steam at 120 
pounds absolute contains 1186 Btu. A 
pound of dry, saturated steam at 15 
pounds absolute contains 1146.9 B.t.u. If, 
therefore, the pound of 120-pound steam 
is expanded to 15 pounds absolute with- 
out doing work, there will be liberated 


1186 — 1146.9 = 39.1 B.t.u. 


At atmospheric pressure it takes about 
0.48 of a B.t.u. to heat a pound of steam 
one degree, so that the heat available 
would heat the pound of steam 

39.1 + 0.48 = 81.5 degrees. 
The temperature of dry, saturated steam 


at 15 pounds pressure is 213 degrees; it 
would, therefore, become, 


213+ 81.5 = 204.5 degrees. 
But the original temperature at 120 was 
341 degrees. 


Cement as an Insulator 


To what extent is cement used as an 
insulator in cold-storage work, and how? 

nm ee. ©; 

While cements of various kinds may all 
be broadly classified as “poor conductors” 
of heat, there are so many vastly poorer 
that cement will never become very 
popular as an insulating material in the 
general sense of the term. In some special 
cases, however, where insulation value is 
secondary to fire-proofing, this material 
has found a more or less important use. 
One of the best examples of this class of 
work is in fur storage, where the product 
value per cubic foot often runs into thou- 
sands of dollars. 

In this connection the cement usually 
consists of plaster of paris blocks 
cemented together and anchored to the 
wall at regular intervals by metallic 
anchor strips. Sometimes a space is left 
between this layer of cement slabs and 
the wall, which is filled with mineral wool, 
after which the slabs are plastered over 
with a thin coat of hydraulic cement. 

While this construction is absolutely 
fire-proof, as far as containing anything 
combustible is concerned, it has been 
known to crumble under intense heat, and 
for this reason a much more efficient 
“fire-retarding” insulation, composed of 
cork board, has come into use. The cork 
board, which is furnished in sheets of 
from one to three inches thick, contains 
nailing strips which enable it to be nailed 
in place with great facility. It is ap- 
plied to the wall, floor or ceiling in ques- 
tion, and the last layer is plastered over 
with some good hydraulic cement which, 
making it air-tight, makes it practically 
fire-proof as well as water-proof. The 
walls prepared in this way present a 


smooth, white surface, and can be washed 
with water under pressure from above. 

The relative heat conductivity of plaster 
of paris and cork is roughly three to one, 
cork being three times as good an insula- 
tor as plaster of paris. 
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Book Reviews 


THE ENGINEERS’ DEescrIPTIVE CHART Book. 
By Joseph Branch. Published by 
Rand, McNally & Co., Chicago, New 
York and London. Cloth; 75 pages, 
6x9 inches. Price, $1. 


This work is a reproduction in book 
form of the engineers’ charts first issued 
in map style, and reviewed in the June 23 
number. It will interest those who like 
high-colored ideal illustrations of appar- 
atus for the generation and transmission 
of steam and electric power. There is 
considerable text between the pictures, 
mostly in the form of questions and an- 
swers, quite elemental and instructive to 
those who have little or no knowledge of 
boilers, steam engines, or electric genera- 
tors. It is recognized that there is a de- 
mand for works of an elemental or kin- 
dergarten character in this field, and it 
was evidently the author’s intention to 
meet this demand, at least in part. As 
a textbook for engineers and advanced 
students, however, the work falls far short 
of the goal. 


AUTOGENOUS WELDING oF MeETALs. By 
L. L. Bernier. Published by The 
Boiler Maker, 17 Battery place, New 
York City. Paper; 45 pages, 414x6% 
inches, illustrated. Price, $1. 


This little book is a translation from the 
reports of the National School of Arts 
and Trades of France, and is a descrip- 
tion of the process of blow-pipe welding, 
as applied to iron and steel, with a dis- 
cussion of its cost and utility as compared 
with other methods of attaining the same 
end in joining of parts in machine and 
structural work. 

Chapter 1 is devoted to the discussion 
of the use of the high temperatures ob- 
tainable by means of burners of the 
oxyacetylene type in the welding of 
plates, beams, tubes, rods and so forth, 
and processes of manufacture and repair. 

Chapter 2 comprises a description of 
oxyacetylene-welding plants in detail, with 
descriptions of generators, burners and 
methods of manipulation. 

In Chapter 3 will be found examples of 
the application of high-temperature work 
in detail, such as edge-to-edge welding of 
plates, welding of curves and angles, both 
obtuse and acute, pipe nozzles and flanges, 
the process of uniting the component parts 
of boilers and repairs of damaged sheets 
and riveted beams, the manufacture of 
special forms of steel tubing and repairs 
to damaged and broken castings. There 
are 32 illustrations which aid in making 
the matter both interesting and instruc- 
tive. 


MacHINE DeEsiGN, CONSTRUCTION AND 
Drawinc. By Henry J. Spooner. 
Published by Longmans, Green & 
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Company, London and New York, 
Bombay and Calcutta. Cloth; 690 
pages, 5%4x8% inches. Price, $3.50. 


This book was written by a professor 
of mechanical engineering and a writer 
of books on widely diverse subjects, from 
plane and solid geometry to motors and 
motoring. The first 55 pages are devoted 
to hints and instructions on the selection 
and use of drawing instruments, direc- 
tions for testing the T-square, triangles, 
instruments, etc. Four chapters are given 
over to the transmission and distribution 
of power by means of toothed gearing, 
belting, wire rope, fiber rope and chains, 
and a discussion of their relative effi- 
ciencies. One chapter is devoted to the 
design of machine handles and one to ma- 
chine frames, with discussions as to the 
better methods of securing rigidity. Steel 
and iron tanks, as well as riveted joints, 
are given extended treatment. Many 
chapters close with exercises in design 
and freehand sketching. As the title in- 
dicates, most of the work is on machine 
design, principally in detail, with examples 
from all sources, leather washers, ball and 
roller bearings, chain links, piston-rods 
and machine parts in general. There are 
upward of 1400 detailed drawings of ma- 
chine details and several plates used to 
illustrate the text. Examination papers 
of the City and Guilds of the London 
institute Department of Technology com- 


plete the work, which is completely 

indexed. 

Peat. Essays on Its Oricin, Uses AND 
DisTRIBUTION IN MICHIGAN. By 
Charles A. Davis. Published by the 
State Board of Geological Survey, 
Lansing, Mich. Cloth; 395 pages, 
6'4x9 inches. Price, $1. 


This work consists of a series of essays 
on the subject of peat formation in Michi- 
gan. It was published as a part of the 
1906 report of the Michigan State Board 
of Geological Survey. It is divided into 
three parts: Part I treats of the chemical 
composition of vegetable matter, the 
agents of decomposition and their vary- 
ing rates of action, the geographical dis- 
tribution of peat over the world in gen- 
eral and in the State of Michigan in par- 
ticular, and the classification of its de- 
posits and the ecological forces controlling 
peat formation. Part II is devoted en- 
tirely to the formation, character and dis- 
tribution of peat bogs in the Northern 
peninsula. It describes the area studied, 
methods of work and the soil and topog- 
raphy of localities examined. The Drum- 
lin regions, Valley bogs, Moranal regions, 
Sand Dune and Huron mountain peats 
are treated at length. There also 
general conclusions regarding peat forma- 
tion in upper Michigan and the compre- 
hensive discussion of economic consid- 
crations. Part III is a continuation of the 
cicsins pages of Part II and is largely 
taken up with the discussion of the eco- 


are 
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nomics of peat and its miscellaneous uses 
in agriculture and in towns and cities for 
purposes other than those of fuel, such as 
fertilizer, disinfectant and stock food on 
the farms, and in the manufacture of coke, 
gas and gas-work by-products, paper, 
cardboard and pulp, roofing and packing 
materials, building and paving blocks, 
woven fabrics and dyes. In the discussion 
of uses of peat for fuel the question is ex- 
haustively treated historically and prac- 
tically. There are two large maps of the 
State, showing swamp areas and locations 
and areas of hard- and soft-wood forests. 
The work closes with descriptions and 
illustrations of machinery and tools used 
in the preparation of peat fuel and peat 
litter. A complete index, covering 30 
pages, is a valuable aid to the reader. 


Five YEARS’ QUESTIONS AND ANSWERS, AS 
ORIGINALLY PUBLISHED IN “THE 
NATIONAL ENGINEER.” Published by 
The National Engineer, 325 Dear- 
born street, Chicago, Ill. Cloth; 
320 pages, 6x9 inches. Price to mem- 
bers of the N. A. S. E., $1.50; to 
others, $2. 


In 1896 there appeared in The National 
Engineer a competitive series of ques 
tions, prepared by the educational com 
mittee of the National Association of Sta 
tionary Engineers. These questions were 
answered by engineers from all parts of 
the country, and the results were so satis 
factory that the work has been kept up 
until the present time. At the end of five 
years the questions and answers were 
compiled in book form. Demands for the 
book compelled a second and third edi 
tions. To the third edition has been added 
the first edition of the second five-year 
period of questions and answers. Group 
ing of the various subjects under proper 
headings and the division of the work into 
sections has taken the place of the usual 
division into chapters. Sixty pages have 
been devoted to furnaces and 
chimneys, and about the same number to 
engines, shafting and belting. Hydraulics, 
refrigeration and condensation, as well as 
electricity and electrical transmission, are 
given extended treatment, about 70 pages 
being taken up by electricity and its ap 


boilers, 


plication. It would be difficult to name 
any detail in steam-engineering work 
which is not touched upon, and the 


answers to the questions are not in the 
usual stereotyped form found in engineers’ 
instruction books, but are in the plain, 
every-day language of the practical man, 
who thinks out the why of the things of 
which he knows the how. The work closes 
with the rules for conducting boiler trials 
formulated by the American Society of 
Mechanical Engineers, known as the Code 
of 1899. Vol. IT is added bodily to Vol 
I and each is separately paged and in- 
dexed, which is inconvenient and mislead- 
ing, until one discovers an index near the 
middle of the book. 
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We have received from the Nelson 
Valve Company, Station H, Philadelphia, 
‘ Penn., a large, framed picture, or, rather, 
a group of pictures, attractively display- 
ing the company’s products. It would 
look well in the office or on the engine- 
room wall. It is made up of 48 half-tone 
illustrations of valves and accessories, in- 
cluding gate either iron-body, 
bronze or combination; angle valves and 
check-valves, steel tees and elbows, floor 
stands valves, and regrinding 
disks. The display is quite impressive. 
The valves shown are designed for work- 
ing pressures ranging from 125 to 400 
pounds. The frame is of hardwood, 
ebony stained, and measures 2744x414 
inches, outside dimensions. The picture 
is protected by glass. Although it is a 
rather expensive form of advertisement, 
we understand that it will be sent free to 
those who desire it, upon application. 


valves, 


for gate 





Business [tems 


The Berry Engineering Company, of Chester, 
Penn., has just issued a new catalog describing 
its safety feed-water regulator and other spec- 
ialties. 

The Bates Machine Company, of Joliet, IIL, 
has opened a sales office, in charge of W. E. 8S. 
Dyer, at 423 Land Title building, Philadelphia, 
Penn. 

Beginning with the July issue, the Engineer 
and Fireman, published by the Penberthy In- 
jector Company, of Detroit, Mich., will be 
increased from 32 pages to 80 pages. A free 
sample copy will be mailed to any one upon 
request. 

It is announced that the Cutler-Hammer 
Company has purchased a five-story building 
on Thirteenth street and St. Paul avenue, Mil- 
waukee, Wis., facing the present Cutler-Hammer 
factory, in which it will manufacture snap 
switches and lamp sockets. The company 
will still manufacture rheostats, etc., in its old 
factory. 

Part one of a series of bulletins describing Allan 
metal has been received from A. Allan & Son, 
486 Greenwich street, New York. This bulletin 
comprises 16 pages and gives a general history 
of the development of the Allan metal. When 
completed the series of bulletins will form an 
exhaustive descriptive catalog. A copy of each 
bulletin as issued will be sent to anyone on 
application. 

The Pittsburgh Gage and Supply Company, 
Pittsburg, Penn., reports decided increase in 
the sales of its ‘‘White Star’’ oil filters and 
continuous oiling systems. A number of oiling 
systems have been installed in the various plants 
of the Carnegie Steel Company in the past and 
two more installations have just been completed 
at the Carrie furnace, Rankin, Penn. 

Andrew Dall & Son, of Cleveland, 
recently placed an order with the New 
Belting and Packing Company, Limited, for 
the installation of interlocking rubber tiling 
in the Cuyahoga county court house, at Cleve- 
land, for which Lehman & Schmit are the archi- 
tects, amounting to $125,000. This is believed 
the largest order for rubber tiling ever 


Ohio, 
York 


to be 
placed. 

Recent sales of the Swartwout ventilators, 
manufactured by the Ohio Blower Company, 
Cleveland, Ohio, include a third order from the 
Richardson Paper Company, Lockland, Ohio, 
for seven more 36-inch and eight more 24-Inch 
ventilators. The first order was for six 36-inch, 


the second for twenty-six 24-inch and seven 
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36-inch. This now makes a total of fifty-four 
ventilators sold to this company within a period 
of 90 days. 

The Schutte & Koerting Company, of Phila- 
delphia, manufacturer of steam and engineering 
specialties for power-plant, chemical and other 
industries, has opened a branch office in the 
Keenan building, Pittsburg, Penn., in charge 
of E. A. Knowlton. The company’s new cat- 
alogs are being distributed in three sections, 
one section pertaining to apparatus for the 
chemical industry, one to apparatus for use in 
power plants, etc., and one being a general 
catalog illustrative and descriptive of the entire 
line. These will be sent on request. 

The Lunkenheimer Company, Cincinnati, Ohio, 
has issued a very complete cloth-bound catalog, 
containing 564 pages, illustrating and describing 
its very complete line of high-grade engineering 
specialties, comprising brass and iron valves, 
whistles, cocks, gages, injectors, lubricators, 
oil pumps, oil and grease cups, ete. Views of 
the extensive plant and offices of the company 
are shown in the catalog. Section XV, com- 
prising 56 pages, is devoted to tables and useful 
data of interest to every steam engineer. A 
copy of the new work will be sent on application. 

As part of its constant effort to beautify the 
factory grounds at Ampere, N. J., the Crocker- 
Wheeler Company has removed several large 
trees and re-planted them in different locations 
on the property. On June 11, an oak tree 
60 feet high was lifted by means of the Crocker- 
Wheeler locomotive crane, carried about 200 
feet and re-planted near the post office which 
is being built on the company’s property. The 
handling of this large tree and the ball of earth 
in which the roots were imbedded involved 
nice calculation as to the center of gravity of 
the tree. The work was accomplished, however, 
without mishap. The Crocker-Wheeler factory 
is becoming one of the ‘‘show plants” of the 
country. 


The plans of the new power house recently 
completed by Charles T. Main, mill engineer 
and architect, Boston, for the Bigelow Carpet 
Company, Clinton, Mass., call for a brick power 
house, 102 by 63 feet; a brick boiler house, 
79 by 50 feet; a brick coal pocket, 197 by 70 
feet, and a brick pump house, 48 by 27 feet. 
The roofs are to be of plank, tar and gravel, 
except that over the power house, which is to 
be of concrete and plastic slate. Coal is to be 
conveyed from the Boston & Maine Railroad 
tracks by a double-track underground tunnel 
passing under Main street, the latter to be used 
to permit of this arrangement. Midway between 
the coal pocket and boiler house will be the 
brick boiler stack, 200 feet high, with a 10-foot 
flue. The equipment will consist of two elec- 
trical units, one of about 750 kilowatts and the 
other of about 350 kilowatts. Six new 84-inch 
by 19-foot boilers are to be added to the eight 
old boilers of the same size. Two fire pumps 
and four feed-pumps complete the power outfit. 
Pipe tunnels will connect the boiler house with 
the dye house, and the power house with the 
weave mill, the former for steam piping and the 
latter for electric-power cables. 





New Equipment 


Geo. C. Morgan, 169 Jackson Boulevard, 
Chicago, Ill., has been engaged by the city of 
Braintree, Minn., to prepare plans for a dam 


and power plant on the Crow Wing River, which 
will cost about $105,000. 


The Stroudsburg (Penn.) & Water Gap 
Street Railway Company is planning to in- 
crease the equipment of its power plant by 
the installation of a 300-horse-power engine 
and 100 horse-power boiler. 7 

The New York, New Haven & Hartford 
Railroad Company, it is reported, will shortly 
award contracts for the erection of a power 
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station in Milford, Conn. 
New Haven, chief engineer. 


The Louisiana (Mo.) Light, Power and 
Traction Company will build an_ electric 
road 11 miles long with power station and 
repair shops in Louisiana. D. Turnbolt, 
president and general manager. 


The Citizens’ Light and Power Company 
has taken over the plant of the Taylor Elec- 
tric Light Company, Taylor, Texas, and will 
enlarge the power house and install new 
machinery. T. W. Marse is president. 

The regents of the University of Washing- 
ton, Seattle, have approved the plans for the 
new power plant to be erected at the uni- 
versity. The plant will cost between $75,000 
and $100,000. Bids will be asked for in a 
short time. 

The St. Joseph (Mo.) Railway, Light, Heat 
und Power Company contemplates construct- 
ing an interurban railway to Savannah. 
Plans are also being considered for the en- 
largement of the power plant, which will 
involve an outlay of about $50,000. 

The St. Paul (Minn.) Union Stock Yards 
Company is considering the purchase of a 
50-kilowatt direct-connected unit, a 60-kilo- 
watt belted unit, switchboards, motors, cen- 
trifugal pumping outfit, ete. Edward P. 
Burch, Minneapolis, conSulting engineer. 


Edward Gazel, 





New Catalogs 


The Lunkenheimer Company, Cincinnati, O. 
Catalog. Brass and iron valves, gages, cocks, 
injectors, lubricators, oil pumps, ete. Illustrated, 
564 pages, 5x7 inches. 

American Injector Company, Detroit, Mich. 
Catalog. U. S. Automatic injectors, ejectors, 
grease and oil cups, water gages, etc. Illus- 
trated, 52 pages, 6x9 inches. 





Help Wanted 


Advertisements. under _ this 
serted for 25 cents per line. 
make a line. 

AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago. 

WANTED—tThoroughly competent steam 
specialty salesman: one that can _ sell high- 
grade goods. Address ‘“‘M. M. Co.,’’ PowEr. 

WANTED—Salesman on commission for 
high grade power specialties. Address, stating 
experience, Chas. T. Luce Co., 160 Congress 
St., Boston, Mass. 

WANTED—A man of first-class character in 
Southern and Western towns to represent PowER 
AND THE ENGINEER—tO secure subscriptions on 
a very liberal commission basis. Only those 
considered who know the paper, believe in it 
and will work enthusiastically to book orders 
and get the cash. Commissions are to be de- 
ducted from moneys collected. We will help 
you all that we can with circulars and samples. 
Give the names of two people or firms (firms 
preferred) whom we can write to for references. 
Answer at once and be the first man from your 
town. Circulation Dept., Powrr ANd THE 
ENGINEER, 505 Pearl Street, New York City. 


Situations Wanted 


head are in- 
About six words 


Advertisements under this head are in- 
serted for 25 cents per line. About six words 
make a line. 

ENGINEER WANTS position, steam, gas 


or electrical. Write to 
Island, Neb. 

WANTED—Position in mechanical drawing 
room. Technical graduate, can do detail work 
and make good tracings. Box 8, Power. 

SITUATION wanted with engineering con- 
cern or in charge of plant by man experienced 
in sales, design, erection and operation. Power 
plants and power transmission, reciprocating 
and turbine. References. Box 3, Power. 


“A. L.,”” Box 46, Grand 


Miscellaneous 
Advertisements under this head are in- 
serted for 25 cents per line. About six words 


make a line. 
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Hot Weather Is With Us; And the Engineer Who Uses 


REYSTONE GREASE 


has, as usual, the laugh on the other fellows. That’s because Keystone Grease never changes its 





density, no matter what the temperature of its surroundings. The same Keystone Grease that was 
right in January is right in June. To convince engineers that Keystone Grease is truly the 
‘‘World’s Greatest Lubricant’’ we will send ABSOLUTELY FREE, EXPRESS CHARGES PAID 








A Large Can of HEYSTONE GREASE 
A Fine Brass Grease Cup and an 
Engineer’s Collapsible Lunch Box 











To any engineer who will fill out and mail to us the attached coupon. 


There is no string to this proposition. We only ask that 
Keystone Grease be given a fair chance on your engines or 
auxiliaries to PROVE ITS VALUE. 


Don’t wait, write today to the 


KEYSTONE LUBRICATING CoO., 
Dept. B. PHILADELPHIA, PA. 


New England Office—10 Oliver St., Boston, Mass. 
New York City Office—96 Wairen Street. 
Southern Office—610 Chartres St., New Orleans, La. 
Chicago Office —310 Tacoma Bldg. 
Northwestern Agent and Warehouse—502 McPhee Bldg., Denver, Col. 
San Francisco Agent and Warehouse— 268 Market St., San Francisco, Cal. 








DEN iisvaegetniabiaatuackedeenel 


Mame Of Figs «2.2000 


Address in Full 


Bes > OE Biivewcccsseczadics ne 


On what bearing will sample be tested ? 
BOS WEEE 0 0 0 00ccc0000 0080s 00bennesecsedaete 
CT vince kawinnepadsicatsdesseunnseeeened 
Size of tap for cup 


June 1-08, Dept. B. 
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It's Our Duty 


To Warn You Against 
Worthless Imitations of 


DANIEL’S P, P. 


Do be careful when you buy P. P. P. and 
see that it’s one genuine self-setting pack- 
ing—Daniel’s. If it isn’t Daniel’s, put your 
money back in your pocket. It’s better there 
than wasted. 


Read this letter. Others like it are com- 
ing in continually. 


Real packing satisfaction only comes ajter 
you've bought P. P. P.—not before, so why 
not send us your trial order today. 











- 


P, PACKING 


St. Louis, April 29, 1908 


Quaker City Rubber Co., 
Philadelphia, Pa. 

Gentlemen :— 

I see in your “ad” in Power, April 21, that one engineer 
thought he was cutting a dash, but I think I can beat it. 

I packed my 20’x42” Corliss engine, rod 2{” diam., on 
Dec. 30, 1905, and it has been taken out and replaced four 
trmes, the last time on March 5, 1908, at which time I add- 
ed one new ring of P. P P., the other rings be.ng O. K. 

The rod travels 560’.0” per minute, ten hours per day, 
and is as smooth as glass. 

I think 27 months’ wear is about the limit, but the same 
old packing seems to be soft and nice and good for a while 
yet, and is just a little better than new. 


Yours truly, 


4520 Rutger St. Manly J. Merrell. 


QUAKER CITY RUBBER COMPANY 4nv“énicaco. 
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V OLUMES have been written authoritatively on 
the excess cost of producing a given horse- 
power in boilers that are coated with incrustation. 
Scale one-thirty-second to one-sixteenth inch 
thick increases the fuel consumption ten to fif- 
teen per cent., and greater scale thickness means greater 
loss of heat. 





In these times of keen competition, when the greatest 
manufacturing economy must be exercised, the Engineer, 
Superintendent, Manager, Owner, are vitally interested 
in reducing these unnecessary operating expenses. 


That the boiler water troubles are being successfully 
handled by the Dearborn Company, in 11,000 steam 
plants, keeping boilers clean, and preventing waters 
from pitting boilers and tubes, the work being done 
under a combination scientific laboratory and _ practical 
engineering guidance, should appeal to the discriminating 
operator desiring to better results. 


Gallon samples of waters required for analysis, after 
which we will tell you how to remedy the troubles you 
experience, and the cost to do it right. 
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| SMOOTH-ON SMOOTH-ON 


TRADE MARK-REC. U.S. PAT. OFF. TRADE MARK-REC. U.S. PAT. OFF. 
Coated Corrugated Coated Corrugated 
GASKET (ey 4-14 a I 
Ready for use. Ready for use. 


Be Sure It’s 
The Smooth=On Label 
Before You Buy 


SMOOTH-ON 





The Smooth-On label, shown here, goes on every gasket we make. 
Look for it and you will avoid the worthless imitations that 
have been put on the market recently. Smooth-On Gaskets, 
with their elastic iron cement, give better service, last longer 
and cost less than any others. Be sure you get the genuine. 





Catalog Free To Engineers. 





Smooth-On Manufacturing Co. 
572-574 Communipaw Ave., Jersey City, N. J.. U. S. A. 


Chicago Warehouse—61 N. Jefferson Street. San Francisco Warehouse—20 Sacramento Street. 
English Branch—8 White Street, Moorfields, London, E. C. 


SMOOTH-ON SMOOTH-ON 
TRADE MARK-REG. U.S. PAT. OFF. TRADE MARK-REC. U.S. PAT. OFF. 
Coated Corrugated Coated Corrugated 
rey: 1.4 a GASKET: 


/ Ready for use. Ready for use. 
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FUEL 
BILLS: 
TOO HIGH? 





Wouldn’t you save a 
large amount of money if 
you could burn a cheap 
grade of fuel and still get 


high class results ? 


1 
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Shaking Movement. 


The McClave 





Divided Cut-Off. 


st 
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ne a VA 


Eee CUCM 
Whole Cut-Off Movement.:2 - fies .:-, 


Scranton, Pa. 


BRANCH OFFICES: 
Chas. N. Hays, Sales Agent, Fisher Bldg., Chicago ; 











Catalog ‘‘D?’’ 


McCLAVE-BROOKS COMPANY, 


Grate and 
Argand 
Blower 


is a system designed to 
burn such fuel as anthra- 
cite, birdseye, rice, bituminous, slack, 
screenings, duff, etc., and get the same 
results as other grates burning expensive 
coal. Complete combustion is secured 
by the use of the Argand forced blast, 
and every heat unit is extracted from 
whatever fuel is used. There’s a big 
saving coming your way if you install 
the McClave System. 





Empire Bldg., Pittsburg. 


Argand Steam Blower. 
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INJECTORS ¢ 


The World's 4 LC 
Standard " 


Boiler Feeder = 


Penberthy 
Injector Company, 


Largest Manufacturers of 
Injectors in the World. 
“ er and man” 


DETROIT, MICH., U.S. A. 
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GARLOCK 


HIGH PRESSURE 


GASKET 


Style No. 950. 












YOU KNOW 


THAT GARLOCK GOODS ARE 
SURE TO BE RELIABLE 


For Superheat and High Pressure 
Steam Lines. 


The Gasket That Can Be Made Tight 
On Flange Joint When Placed 
and Needs No Following Up 


We have many different kinds of Gaskets 
to suit the many different conditions. 
If you will write us we will give 


you some gasket information 
that will be useful to you. 













THIS GASKET IS CUT FROM 
THE CELEBRATED GAR 
LOCK HIGH PRESSURE 

SHEET, 

Style No. goo. 


Write for sample and folder 


on subject 


METAL AND FIBROUS PACKING 


HOSE, VALVES, BELTING, DISCS, ENGINE ROOM SUPPLIES 


THE GARLOCK PACKING COMPANY 


Main Offices and Factory, PALMYRA, NEW YORK 


Philadelphia New York 


Chicago Cleveland St. Louis Denver 
New Orleans Boston Kansas City Salt Lake City Portland, Ore. Buffalo 
San Francisco Norfolk Los Angeles Ellwood City, Pa. Baltimore Detroit 
Birmingham, Ala. Baltimore Hamburg, Ger. Seattle 


Palmyra Pittsburg 
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Exhaust Heads 


per 24 hours. 


be repeated over and over. 


Burt 


are most highly effective devices for 
muffling the exhaust pipe. They sep- 
arate completely all moisture and oil 
from escaping steam and keep roofs 
dry and clean. They are big savers 
and are always reliable. 

The Norfolk & Portsmouth Trac- 
tion Co., Norfolk, Va., recently or- 
dered one 30" and two 36" made of 
No. 10 gauge iron. 





Send for our 92-page Catalog. 


THE BURT MFG. CO., 232 Main St., Akron, 0., U.S.A. 


Largest Manufacturers of Oil Filters in the World. 


Three “Unit 


Any number of Units can be used, each one having a capacity of from 200 to 250 gallons 
Unit Oil Filters will enable you to save your drip oil. They filter it, wash it, 
clean and purify it, returning it in a pure condition to be used over again. And this process can 
Thus you can positively save trom 50°% to go% on your oil bills and 


get your money back in short order. 


A few users are U. S. Steel Corp., 13; International Harvester Co., 3; Calumet & Hecla 


Mining Co., 7; Philadelphia Rapid Transit Co., 26. 


Send for our 92-page Catalog. 


| Burt 
Unit 
Oil 
Filters 





THE BURT MFG, CO., 232 Main St., AKron, 0., U.S.A. 


Largest Manufacturers of Oil Filters in the World. 


HA HATHA TTT TUTTE TH EH Wl TUTTLE UTE LUTATET ETE 7 
AAA AAA A 
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MAKE THE BEST OF YOUR 


AVAILABLE POWER 


@ To do this it is necessary to KNOW 
that nothing is lost through faulty valves 
and that admission, cut-off, release and 
compression occur al the proper time and in 
the proper manner. 


@ These are clearly and accurately shown by 
the AMERICAN-THOMPSON IMPROVED 
INDICATOR. ‘Thus you are able to deter- 
mine the exact efficiency of your engine. 


@ One of these—the NEW IMPROVED 
DETENT MOTION—is the most valuable 
indicator attachment ever devised. 


q It is an extremely, simple, convenient 
check, which effectually controls the move- 
ment of the drum, operates smoothly and 
when connected to engines of highest speed 
can be manipulated without jolt, jar or 


shock to indicator. This device does away 
with the necessity of stopping or discon- 
necting drum cord from drum carriage and 


permits you to take 10 ACCURATE DIA- 
GRAMS in the time ordinarily required with 
other instruments to take one. 


American Steam Gauge & Valve Mfg. Co. 


208-220 Camden Street, Boston, Mass. 
New York, 26 Cortlandt. Atlanta, 853 Equitable Bldg. Chicago, 7-9 So. Jefferson Street 


@ Freedom from error is the chief character- 
istic of the AMERICAN-THOMPSON IM- 
PROVED INDICATOR. Its construction is 
entirely original and it contains a number 
of important features that can be had with 
no other indicator. 
















Pittsburg, Frick Bldg. Annex 


San Francisco, 247 Pine Street 
Montreal, 444 St. James St. 


Los Angeles, 213 So. Los Angeles Street 





@ There are other facts 
about this indicator 
which you ought to 


When ordering gauges, 
valves, indicators and 
kindred appliances for 


know. Send for cata- [tl Awomonee@i.| 21 i governing, indicating, 
log 20D and ask for measuring, recording 
prices. 


and controlling steam, 
air, gas, oil, ammonia 
and all other pressures, 
be sure to specify those 
manufactured by us. 
Your interests can be 
best served by the pro- 
tection they afford. 








ALL PRACTICAL ENGINEERS should apply 


to Wm. O. Webb 
Exchange Bldg., 


er, Consulting Engineer, 432 
Boston, for information con- 
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NEW YORK REPRESENTATIVE of estab- 
lished engine and boiler manufacturers desires 
limited number of agencies on non-competitive 


Box 2, 
FOR 





good condition cheap. 
Station A, Cincinnati, 
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Address 
Ohio. 


“ Engineer,’” 


SALE—The patent rights of one of 


























cerning tables on all engineering subjects. lines. _ Power specialties or —— Strictly the best steam traps and oil filters maufac- 
A PRACTICAL ENGINEER wishes to Commission. “T. H.,” care PowER tured. A bargain if sold quickly. Parties 
instruct engineers in the use of the slide rule by reason for selling being the desire to retire 
correspondence. Write for particulars. Ad- For Sale from business. Box 85, Power. 
= — Richardson, 2181 W. 24th Place, FOR SALE—Territory rights to manufacture 
cago, Ill. = ; - a metallic packing with an established reputaticn. 
A NEW MECHANICAL STOKER. Leslie Fn ye wy ye a a ig ee wa Highly recommended by all users. Equipment 
Dunn, McKinley Ave., East Orange, N. J., in- Serivd rae <0 cents per tine. A0oUl six words eosts very little. Excellent opportunity for 
ventor of the oscillating mechanical stoker, ™@*¢ @ (ne, : - hustlers in all manufacturing districts. Very 
wants to meet a party to take over half share FOR SALE—20x48 Wheelock engine and _ favorable terms. Also own foreign patents. 
and place stoker on American market. two 72’x18’ high pressure tubular boilers in Box 7, Power. 
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“Like Smooth 
us ~ Rods of Iron” 


“American” Transmission Rope in service soon assumes 
an almost perfectly rounded smooth surface. The graphite 
lubricant with which the internal yarns and core are saturated, 
permeates every fibre, facilitating the compression of the strands 
until the rope becomes smooth and round and presents the 
greatest area of contact to the sheave groove. 


“American” Ropes are designed to turn in their grooves 
keeping the rope round and smooth and the grooves of the 
sheaves perfectly true. 


If you desire complete informa- 
tion regarding the advantages of rope 
driving and “American” ‘Transmis- 
sion Rope, write for a copy of our 
“Blue Book of Rope Transmission.” 
Copies free. 





The American Manufacturing Co., 
128 65 Wall Street, New York City. 
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Belt Dressing 

Cling-Surface Co., Buffalo, N. Y. 

Dixon Crucible Co., Jos., Jersey 
City, NJ.» 

Garlock Packing Co., Palmyra, MN. ¥. 

Johnson Co., Henry, Jersey = N.J. 

Rhoads & Son, J. E., Phila., 

Shultz Belting Co. hi St. Louis, Mo. 

Stephenson Mfg. Co., Albany, N. Y. 

Walton. Co., F. 5S » Philadelphia, Pa. 


Belt Fasteners 


Bristol Company, The, Waterbury, 
Conn, 


Belt Lacing 

Bristol Co., The, Waterbury, Conn. 
Benders, Hydraulic 
Watson-Stillman Co., New York. 


Bends, Wrought Iron Pipe 


Best Mfg. Co., Pittsburg, Pa. 

eens Pipe and Pipe Bending 
Co., Harrisburg, Pa. 

Pittsbusgh Gage and Supply [Co., 
Pittsburgh. Pa. 

Whitlock Coil Pipe Co., Hartford, 
Conn. 


Blowers 
Beggs & Co., Jas., New York. 


” Laval Steam Turbine Co., Tren- 
on, N. J. 
Green Fuel Economizer Co., Mat- 
teawan, N. Y. 

McClave-Brooks Co., Scranton, Pa. 
Ohio Blower Co., Cleveland, O. 

Sirocco Engineering Co., New York. 
Sturtevant Co., B. F., "Hyde Park, 
Mass. 


Blowers, Furnace 

McClave-Brooks Co., Scranton, Pa. 

Boiler Door Arches 

McLeod & Henry Co., Troy, 

Presbrey Fire rick’ Co., 
Mass, 

Boiler Feeders 

American Steam Pump Co., Battle 
Creek, Mich. 

Cameron Steam Pump Works, A. S., 
New York. 

— Regulator Co., G. M., 


¥ 
etn. 


Chicago, 

Dean Bros. Steam Works, 
Indianapolis, Ind. 

Lunkenheimer Co., Cincinnati, O. 

Myers & Bro., F. K., Ashland, O. 

National Steam Pump Co., Upper 
Sandusky, O. 

Pittsburg Gage & Supply Co., Pitts- 
burg, Pa. 

Wheeler Condenser & Engineering 
Co., New York. 

Wheeler Mfg. Co., C. H., Phila- 
delphia, Pa. 

Boiler Fittings 

American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

Best Mfg. Co., Pittsburg, Pa. 

Lunkenheimer Co., Cincinnati, O. 

Pittsburgh ~~ ” and Supply Co., 
Pittsburgh, Pa. 

Sherwood Mfg. Co., Buffalo, N. Y. 


Boiler Skimmers 


Buckeye Boiler Skimmer Co., Toledo, 
Ohio. 


Boilers, Second Hand 

Wickes Boiler Co., Saginaw, Mich. 

Boilers, Tubular 

Babcock & Wilcox Co., New York. 

Beggs & Co., Jas., New York. 

— Moor Iron Co., Edge Moor, 
el. 

Franklin Boiler Works Co., Troy, 


ms Be 
Griffith & Wedge Co., Zanesville, O. 
= Safety Boiler Co., St. Louis, 
o. 
Keeler & Co., E., Williamsport, Pa. 
Kewanee Boiler Co., Kewanee, Ill. 
Oil Well Suppl Co., Oswego, N. Y. 
a Boiler Co., Amherst, 


.S. 
Struthers-Wells Co., Warren, Pa. 
Tudor Boiler Co. Cincinnati, ©. 
Vilter Mfg. Co., “Milwaukee, Wis. 
Wetherill & Co., Robert, Chester, 


Pa. 
Wic<es Boiler Co., Saginaw, Mich. 
Boilers, Water Tube 
Babcock & Wilcox Co., New York. 
Edge Moor Iron Co., Edge Moor, 


Del. 
Franklin Boiler Works, Troy, N. Y. 
— Safety Boiler Co., St. Louis, 
0. 


Pump 





Boilers, Water Tube —Cont. 
Keeler Co., E., Williamsport, Pa. 
Kewanee Boiler Co., Kewanee, Ill. 
ae _~ Boiler Co., Brook- 
Oil Well Supply Co., Oswego, N. Y. 
Parker Boiler Co., Philadelphia, Pa. 
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be 7 — Co., Henry, Louis- 
vi 
Wetherill % Co., Robt., Chester, Pa. 
Wickes Boiler C ‘0., Saginaw, Mich. 
Books, Technical 
American School of Correspond- 
ence, Chicago, Ill. 
Hill Publishing Co., New York. 
International Text Book Co., Scran- 
ton, Pa. 
Building Materials, 
proof 
Carey Co., 


Fire- 


The, Philip, Cincinnati, 


Johns-Manville Co., H. W., New 
York. 


Castings, Brass and Iron 

Homestead Valve Mfg. Co., Pitts- 
burg, Pa. 

McClave-Brooks Co., Scranton, Pa. 

Ohio Brass Co., Mansfield, oO. 

Pittsburgh Gage and Supply Co., 
Pittsburgh, Pa. 

Castings, General 

Neemes Bros., Troy, N. Y. 

Castings, Malleable 

Jeffrey Mfg. Co., Columbus, O 


Cement, Asbestos 
Johns-Manville Co., H. W., New 


ork. 
N. Y. Belting & Packing Co., New 
York. 


Cement, Boiler 
a + ae Mfg. Co., Jersey City, 


Chain Blocks 

Yale & Towne Mfg. Co., New York. 
Clamps, Steam Joint 

McCrea & Co., James, Chicago, Ill. 
Cleaners, Boiler Tube 
Buckeye Boiler Skimmer Co., Toledo, 


Ohio. 


Monarch Steam Blower Co., Troy, 
a. 2 


Garlock Packing Co., Palmyra, N. Y. 
General Specialty Co., Buffalo, N. Y. 
Stewart Heater Co., Buffalo, N. Y. 
Clocks, Engine Room 


American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 


Clutches, Friction 


Williams Fdry. & Mach. Co., 
Ohio. 


Coal and Ash Handling Ma- 
chinery 


Bartlett & Snow Co., C. O., Cleve- 
land, 


O. 
Jeffrey Mfg. Co., Columbus, O. 
Cocks, Blow-Off 
Liberty Mfg. Co., Pittsburg, Pa. 
Lunkenheimer Co., Cincinnati, O. 


Pittsburgh Gage and Supply Co., 
Pittsburgh, Pa. 


Cocks, Gauge 
a ~¥ Steam Gauge & Valve 


fg. Co., Boston, Mass. 
— Co., P. B., Philadelphia, 


a. 

Ohio Brass Co., Mansfield, Ohio. 

Pittsburgh Gage and Supply Co., 
Pittsburgh, Pa. 

"ro. Gauge Column Co., Cleve- 
an 

Williams Valve Ca, D. T., 
nati, Ohio 


Cocks, Steam 


Akron, 


Cincin- 


Homestead Valve Mfg. Co., Pitts- 
burg, Pa. 

Williams Valve Co., D. T., Cincin- 
nati, O. 


Compound, Boiler 


Bird-Archer Co., New York. 
Buckeye Boiler Skimmer Co., Toledo, 


io. 
Dearborn pres & Chemical Co., 
Chicago, Ill. 
- -Eye Compound Co., Chicago, 


Johns-Manville Co., H. W., New 
York. 
Compound, Lubricating 


Cook’s Sons, Adam, New York. 





Condensers 


Alberger Condenser Co., New York. 

American Steam Pump Co., Battle 
Creek, Mich. 

Baragwanath & Son, Wm., Chicago, 


A. Be 
New York. 

Dean Bros. Steam Pump Works, 
Indianapolis, Ind. 
Minneapolis Steel & 
Minneapolis, Minn. 

Ross Valve Co., Troy, # 
Schutte & Koerting Co., Philadel- 
phia, Pa. 
Stewart Heater Co., Buffalo, N. Y. 
Southwark Foundry and Machine 
Co., Philadelphia, Pa. 
Union Steam Pump Co., Battle 
Creek, Mich. 

Wheeler Condenser and Engineer- 
ing Co., New York. 

Wheeler Mfg. Co., C. H., Phila- 
delphia, Pa. 


Cameron Steam Pump Wks., 


Mach’y Co., 


Consumers, Smoke 


Climax Smoke Preventer Co., Bos- 
ton, Mass. 


Controllers, Electric 


ae ag Electric Co., Schenectady, 


Westinghouse Electric and Mfg. 
Co., Pittsburg, Pa 


Cooling Towers 


Alberger Condenser Co., New York. 
en & Sons, Wm., Chicago, 


Wheeler Condenser and Engineering 
Co., New York. 

Wheeler Mfg. Co., C. H., Philadel- 
phia, Pa 


Cordage 

American Mfg. Co., New York. 

Correspondence Schools 

American School of Correspondence, 
Chicago, IIL. 


International Correspondence 
Schools, Scranton, Pa, 


Couplings, Clutch 


Williams Fdry. & Mach. Co., Akron, 
Ohio 


Covering, Pipe and Boiler 

Carey Co., The Philip, Cincinnati, 
O. 

Johns-Manville Co., H. W., New 
York. 

U. S. Mineral Wool Co., New York. 

a & Son Co., A., Elmira, 


Covering, Steam Pipe 
bk ea & Son Co., A., Elmira, 


Cranes 

Yale & Towne Mfg. Co., New York. 

Die Stocks 

Bignall & Keeler Mfg. Co., Ed- 
wardsville, Ill. 

Curtis & Curtis Co., Bridgeport, 


Conn. 
Loew Mfg. Co., Cleveland, O 
Oster Mfg. Co., Cleveland, O. 
District Steam Heating 


American District Steam Co., Lock- 
port, N.Y. 


Draft, Mechanical 


Green Fuel Economizer Co., Mat- 
teawan, N. Y 

Drills, Upright 

Barnes Co., W. F. & Jno., Rock- 


ford, 


Dynamos and Motors, Al- 
ternating: Current 

C & C Electric Co., The, New 
York 


Crocker-Wheeler Co., Ampere, N. J. 

Ft. Wayne Electric Works, Ft. 
Wayne, Ind. 

— Electric Co., Schenectady, 


Northern Electrical Mfg. Co., Madi- 
son, Wis. 

Westinghouse Electric and Mfg. 
Co., Pittsburg, Pa. 


Dynamos and Motors, 
rect Current 


C & C Electric Co., The, New bw 

Crocker- Wheeler Co., Ampere, 

Ft. Wayne Electric oe 
Wayne, Ind. 

—_ Electric Co., Schenectady, 


Di- 





Dynamos and Motors, Di- 
rect Current —Continued. 
Northern Electrical Mfg. Co., Madi- 

son, Wis. 
Triumph Electric Co., Cincinnati, O. 
Westinghouse Electric and Mfg. Co., 
Pittsburg, Pa. 


Economizers, Fuel 


Green Fuel Economizer Co., Mat- 
teawan, N. Y 


Ejectors 
Beggs & Co., Jas., New York. 
Desmond-Stephan Mfg. Co., Ur- 


bana, Ohio. 
Lunkenheimer Co., Cincinnati, O. 
Ohio Injector Co., Wadsworth, O. 
Penberthy Injector Co., Detroit, 
Mich. 
Sherwood Mfg. Co., Buffalo, N. Y. 
Electrical Engineers 


Crocker-Wheeler Co., Ampere, N. J. 

Engberg’s Electric & Mechanical 
Works, St. Joseph, Mich. 

Northern Electrical Mfg. Co., Madi- 
son, Wis. 

Electrical Supplies 

Schenectady, 

Johns-Manville Co., H. W., 
York 


ork. 
Ohio Brass Co., Mansfield, Ohio. 


General Electric Co., 


New 


Engineers’ Supplies 


Mound Tool & Scraper Co., St. 
Louis, Mo. 


Engines, Corliss 


Bates Machine Co., Joliet, Ill. 
Beggs & Co., Jas., New York. 
Cooper Co., C. & G., Mt. Vernon, 


Griffith & Wedge Co., Zanesville, O. 

Ide & Son, A. L., Springfield, Ill. 

Minneapolis Steel & Mach'y Co., 
Minneapolis, Minn. 

Providence Eng. Works, 
dence, R. I. 

Southwark Foundry and Machine 
Co., Philadelphia, Pa 

Vilter Mfg. Co., Milwaukee, Wis. 

Watertown Engine Cc Watertown, 


a. t. 
Wetherill & Co., Robert, 
Pa. 


Provi- 


Chester, 


Engines, Gas and Gasolene 


Alberger Co., A. H., Buffalo, N. Y. 
De La Vergne Machine Co., New 


ork 

Du Bois Iron W orks, Du Bois, Pa. 

Engberg’s Electric & Mechanical 
Works, St. Joseph, Mich. 

Minneapolis Steel & Mach’y Co., 
Minneapolis, Minn. 

Riverside Engine Co., Oil City, Pa. 

Struthers-Wells Co., Warren, Pa. 


Westinghouse Machine Co., Pitts- 
burg, Pa. 

Engines, High Speed 

American Diesel Engine Co., New 


York. 
—- Engine Co., Bound Brook, 
N 


Bates Machine Co., Joliet, Tl. 

Engberg’s Electric & Mechanical 
Works, St. Joseph, Mich. 

Erie Mfg. & Supply Co., Erie, Pa. 

Fitchburg Steam Eng. Co., Fitch- 
burg, Mass. 

Ide & Son, A. L., Springfield, Ill. 

Minneapolis Steel & Mach’y Co., 
Minneapolis, Minn. 

Reeves Engine Co., Trenton, N. J. 


Shepherd Engineering Co., Wil- 
liamsport, Pa. ; 
Skinner Engine Co., Erie, Pa. 


Southwark Foundry & Machine Co., 
Philadelphia, Pa. 

Watertown Engine Co., Watertown, 
N. 


Westinghouse Machine Co., Pitts- 


burg, Pa 


Engines, Medium and Low 
Speed 


— Diesel Engine Co., 
— Engine Co., C. H., Fitchburg, 


New 


Rabenr’s Electric ‘. © nee 
Works, St. —_ 

Erie Mfg. & Suprl Co., Cire, Pa. 

Fitchburg Steam Engine Co., Fitch- 


burg, Mass. 


Ide & Son, A. L., Springfield, Il. 
Minneapolis Steel & 
Minneapolis, Minn. 
Reeves Engine Co., Trenton, N. J 

Shepherd Engineering Co., 
liamsport. 


Mach'y Co., 


Wil- 
Pa. 
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Are you thinking of making any change in your plant? 

Are you short of steam during rush hours? 

Would you like to have the equivalent of a spare or reserve boiler ? 
Would you like to reduce your water bills? 

Do you find scale in the boilers? 

Would you like to use condensation from surface condensers as boiler feed? 
Do you wish to use exhaust steam for heating or drying ? 

Do you use large quantities of hot water ? 

Troubled with moisture entering engines or turbines from steam mains ? 
Would a coal saving of 16% interest you? 

Does your feed water always enter the boilers at 210° F.? 

Would you like to combine your Feed-Water Heater, independent oil sep- 


arator, return and muffle tank all in one simple apparatus, thus 
saving a lot of valves and connections ? 


Then write us about your conditions and let us figure out for you what 
we can accomplish with Cochrane Feed-Water Heaters and Cochrane 
Separators. 

You may have read some of the Cochrane advertisements and may know 
in a general way what is claimed for the Cochrane Heaters and Sep- 
arators, but have you ever figured out, or had figured out, just what 
they would accomplish in saving coal in your own plant? 


Why not write now while you have the matter in mind? 


HARRISON SAFETY BOILER WORKS 
17th and Clearfield Sts., Philadelphia, Pa. 
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Engines, Medium and Low 


Speed —Continued. 
Skinner Engine Co., Erie, Pa. 
Southwark Foundry & Mach. 

Philadelphia, Pa. — 
Westinghouse Machine Co., 

burg, Pa. 

Engines, Oil 
American Diesel Engine Co., 

York. : 

De La Vergne Machine Co., 

York. 

tngines, Rotary 
Ball-Cooley Engineering Co., 
York. 


Co., 


Pitts- 


New 
New 


New 


Exhaust Heads 

Burt Mfg. Co., Akron, O. 

Gardner Gov. & Separator 
Quincey, Ill. 

Hoppes Mfg. Co., Springfield, O. 

Ohio Blower Co., Cleveland, O. 

Pittsburgh Gage and Supply Co., 
Pittsburgh, Pa. 

Sims Co., Erie, Pa. 

Whitlock Coil Pipe Co., 
Conn. 

Experts, Chemical 

Hunt & Co., Robt. W., Chicago, Ill. 


Fans, Electric 


Ft. Wayne Electric Works, 
Wayne, Ind. 

General Electric Co., Schenectady, 
N. Y. 


Co., 


Hartford, 


Ft. 


Triumph Electric Co., Cincinnati, O. 
Westinghouse Elec. and Mfg. Co., 
Pittsburg, Pa. 


Fans, Exhaust 
lating 

Ohio Blower Co., Cleveland, O. 

Sirocco Engineering Co., New York, 


Fans, Mine Vetilating 

Jeffrey Mfg. Co., Columbus, O. 

Feed Water Filters 

Beggs & Co., Jas., New York. 

Eclipse Feed Water Heater and 
Purifier Co., Appleton, Wis. 

Keystone Chemical Co., Philadel- 
phia, Pa. 

Northern Water Softener Co. ., Madi- 
son, Wis. 


Feed Water Heaters 
Purifiers 


Alberger Condenser Co., New York. 
Baragwanath & Son, Win., Chicago, 


Bates Machine Co., Joliet, Ill. 

Eclipse Feed Water Heater and 
Purifier Co., Appleton, Wis. 

Erie Mfg. & Supply Co., Erie, Pa. 

Goubert Mfg. Co., New "York. 

Griscom-Spencer c o., New York. 

Harrison Safety Boiler W ks., Phila- 
delphia, Pa. 

Harrisburg Pipe and Pipe Bending 
Co., Harrisburg, Pa. 

Hoppes Mfg. Co., Springfield, O. 

Kewanee Boiler Co., Kewanee, Ill. 

Loew Mfg. Co., Cleveland, oO. 

National Pipe Bending Co., 
Haven, Conn. 

Patterson & Co., F. L., New York. 

Sims Co., Erie, Pa 

Stewart Heater Co., Buffalo, N. Y. 

Webster & Co., Warren, Camden, 


and Venti- 


and 


New 


N. J. 
Wheeler Condenser and Engineer- 


ing Co., New York. 

Wheeler Mfg. Co., C. H., Philadel- 
phia, Pa. 

Whitlock Coil Pipe Co., Hartford, 
Conn. 


Wickes Boiler Co., Saginaw, Mich. 
Files and Rasps 

Barnett & Co., G. & H., Akron, O. 
Filters, Oil 


Burt Mfg. Co., Akro 

Liberty Mfg. Co., Pritebure, Pa. 

Pittsburg Gage & Supply Co., Pitts- 
burg, Pa. 

Sims Co., Erie, Pa. 

Fire Brick 

McLeod & Henry Co., Troy, N. Y. 

Presbrey Fire Brick Co., Taunton, 
Mass. 

Fittings, Hydraulic 

Watson-Stillman Co., New York. 

Fittings, Pipe 


Triumph Ice Machine Co., 
nati, Ohio. 
Ohio Brass Ca, Mansfield, O. 


Flanges 


Central Station Steam 
troit, Mich. 


Cincin- 


Co., De- 





Flange Fittings, High or 


Low Pressure 


Lunkenheimer Co., Cincinnati, O. 

Pittsburg Gage & Supply Co., Pitts- 
burg, Pa. 

Pittsburg Valve & Fittings Co., 
Barberton, O. 

Pittsburgh Valve, Foundry & Con- 
struction Co., Pittsburg, Pa. 

Williams Valve Co., D. T., Cincin- 
nati, Ohio. 


Floats 

Anderson Co., V. D., Cleveland, O. 

Reliance Gauge Column Co., Cleve- 
land, O 

Furnaces 

Continental Iron Works, Brooklyn, 

Murphy Iron Works, Detroit, Mich. 


Furnaces, Smokeless 


McClave-Brooks Co., Scranton, Pa. 

Murphy Iron Works, Detroit, Mich. 

Wilkinson Mfg. Co., Bridgeport, 
Penn. 

Gaskets 

American Goetze Gasket & Pack- 
ing Co., New York. 

Brandt, Randolph, New York. 

Garlock Packing Co., Palmyra, N. Y. 

Jenkins Bros., New York. 

Johns-Manville Co., H. W., New 
York. 

Johnson Co., Henry, Jersey City, 

N. Y. ‘Belting & Packing Co., New 
York. 

Quaker al Rubber Co., Philadel- 
phia 

Smooth- On Mfg. Co., Jersey City, 


U. S. Mineral Wool Co., New York. 
Gaskets, Copper 


Central Station Steam Co., Detroit, 
Mich. 


U. S. Mineral Wool Co., New York. 


Gauge Testing Outfit 


American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 


Gauges 


American Steam Gauge 
Mfg. Co., Boston, Mass. 

Bristol Co., The, Waterbury, Conn, 

Crosby Steam Gage & Valve Co., 
Boston, Mass. 

— Co., Paul B., Philadelphia, 
‘a 


and Valve 


Lunkenheimer Co., Cincinnati, O. 

Pittsburg Gage & Supply Co., Pitts- 
burg, Pa 

Gauges, Ammonia 

American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

Gauge Glasses 

American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

Garlock Packing Co., Palmyra, N. Y. 

Gauges, Pressure 

American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

Pittsburgh Gage and Supply Co. 
Pittsburgh. Pa. 

Williams Valve Co., 
nati, O 

Gauges, Recording 

American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

Pittsburgh Gage and Supply Co., 
Pittsburgh, Pa. 

Gauges, Vacuum 

American Steam Gauge and Valve 
_Mfg. Co., Boston, Mass. 

Pittsburgh Gage and Supply Co., 
Pittsburgh, Pa. 

Gauges, Water 

Ohio Brass Co., Mansfield, O. 

Generating Sets 

American Engine Co., Bound Brook, 


D. T., Cincin- 


+ 2 
Crocker-W heeler Co., Ampere, N. J. 
. & C. Electric Co., "New York. 
Sathana Electric & Mechanical 
Works, St. Joseph, Mich. 
Ft. Wayne Electric Works, Ft. 
Wayne, Ind. 
—_ Electric Co., Schenectady, 
Northern Electrical Mfg. Co., Madi- 
son, Wis. 
Skinner Engine Co., 
Sturtevant Co., B. 
Mass. 


Erie, 
¥., iiyde Park, 





Generating Sets —Continued. 
Watertown Engine Co., Watertown, 


Westinghouse Elec. & Mfg. Co., 


Pittsburg, Pa. 
Governors, Inertia 
Ide & Son, A. L., Springfield, Ill. 
Governors, Pump 


Berry Engineering Co., Chester, Pa. 


Chaplin-Fulton Mfg. Co., Indian- 
apolis, Ind. 
Dean Bros. Steam Pump Works, 


Indianapolis, Ind. 

d’Este Co., Julian, Boston, Mass. 

Fisher Governor Co., Marshalltown, 
lowa. 

Gardner, Governor & Separator Co., 
Quincey, Ill. 

Strong, Carlisle & Hammond Co., 
(Cleveland, O. 

Williams Gauge Co., Pittsburg, Pa. 


Graphite 


ian Crucible Co., 
city. N. 

Garlock Packing Co., Palmyra, N. Y. 

Grates 

Green Engineering Co., Chicago, IIL. 

Mc, lave-Brooks Co., Scranton, Pa. 

Martin Grate Co., Chicago, Ill. 

— Grate Bar Co., Philadelphia, 
a. 

Grates, Clinker Cutting 


Neemes Bros., Troy, N. 
Reagan Grate Bar Co., 
Pa. 


Jos., Jersey 


¥. 
Philadelphia, 


Grates, Shaking and Dump- 
ing 

McClave-Brooks Co., Scranton, 

Neemes Bros., Troy, N. Y 

Reagan Grate Bar Co., 
Pa. 


Pa. 


Philadelphia, 


Grates, Stationary 

Neemes Bros., Troy, N. Y. 

Reagan Grate Bar Co., Philadelphia, 
Pa. 

Grease 

Cook’s Sons, Adam, 

Keystone Lubricating Co., 
phia, Pa. 


New York. 
Philadel- 


Heating and 
Apparatus 
Green Fuel Economizer Co., 

teawan, 
Ohio Blower Co., 
Webster & Co., 
N. J. 


Ventilating 


Mat- 


Cleveland, O. 
Warren, hades, 


Hose, Air and Oil 
Garlock Packing Co., Palmyra, N. Y. 
Mercer Rubber Co., Hamilton 
Square, N. J. 
¥. Belting & Packing Co., 
"York. 
Peerless Rubber Mfg. Co., New York. 
Pennsylvania Flexible Metallic Tub- 
ing Co., Philadelphia, Pa. 
Quaker City Rubber Co., Philadel- 
phia, Pa. 
Hose, Steam and Water 
Garlock Packing Co., Palmyra, N. Y. 
Mercer Rubber Co., Hamilton 
Square, N. J. 
N. ee & Packing Co., New 


Rubber Mfg. Co., 


ork. 
Pennsylvania Flexible Metallic Tub- 
ing Co., Philadelphia, Pa. 
Indicators, Ammonia 
American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 
Indicators, Gas Engine 
American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 
Indicators, Hydraulic 
American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 
Indicators, Speed 
American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 
Schaeffer & Budenberg Mfg. 
Foxboro, Mass. 
Starrett Co., L. S., Athol, Mass. 
Indicators, Steam Engine 


American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

Crosby Steam Gage & Valve Co., 
Boston, Mass. 


New 


York. 
Peerless New 


Co., 


Lippincott Steam Specialty and 
Supply Co., Newark, 
Robertson & Sons, James L., New 


York. 





Indicators, Steam Engine 
—Continued. 


Schaeffer & Budenberg Mfg. Co. 
Foxboro, Mass. 


Trill Indicator Co., Corry, Pa. 

Injectors 

American Injector Co., Detroit, 
Mich. 

Desmond-Stephan Mfg. Co., Urbana, 
Ohio. 


Lunkenheimer Co., Cincinnati, O. 
Ohio Injector Co., 'W adsworth, oO. 
Penberthy Injector Co., Detroit, 


Mich. 
Randle Mach. Co., Cincinnati, O. 
Schutte & Koerting Co., Philadel- 
phia, Pa 
Sherwood Mfg. Co., Buffalo, N. Y. 


Insulation 


Johns-Manville Co., H. W., New 
ork. 

Wyckoff & Son Co., A., Elmira, 
ms Ee 


Jacks, Hydraulic 
Watson-Stillman Co., New York. 
Joints, Expansion 


Central Station Steam Co., De- 
troit, Mich. 

Lamps, Are and Inecandes- 
cent 

Fort Wayne Electric Works, Ft. 
Wayne, Ind. 


General Electric Co., Schenectady, 


Westinghouse Electric and Mfg. Co.,; 
Pittsburg, Pa. 


Locks 

Yale & Towne Mfg. Co., New York. 
Lubricants 

Cook’s Sons, Adam, New York. 
Dixon Crucible Co., Jos., Jersey 
_City, N. J. 

Keystone Lubricating Co., Phila- 


elphia, Pa. 


Lubricators 

Cook’s Sons, Adam, New York. 

Detroit Lubricator Co., Detroit, 
Mich. 


Greene, Tweed & Co., New York. 

Lunkenheimer Co., Cincinnati, O. 

Manzel Bros. Co., Buffalo, N. Y. 

Ohio Lubricator C o., Wadsworth, O. 

Philadelphia Lubricator & Mfg. Co. 
Philadelphia, Pa. 

Sherwood Mfg. Co., Buffalo, N. Y. 

Machinery, Conveying 

Bartlett & Snow Co., C. O., Cleve- 
land, O. 

Jeffrey Mfg. Co., Columbus, O. 

Machinery, Crank Pin Turn- 
ing 

Underwood & Co., H. B., Philadel- 
phia, Pa. 

Machinery, Ice and Refrig- 
erating 

De La Vergne Machine Co., 
York. 

Triumph Ice Machine Co., 
nati, Ohio. 

Vilter Mfg. Co., Milwaukee, 

York Mfg. Co., York, Pa. 

Machinery, Second Hand 

Randle Mach. Co., Cincinnati, O. 

Machines, Portable Milling 

Underwood & Co., H. B., Philadel- 
phia, Pa. 

Machines, Valve Reseating 


New 
Cincin- 


Wis. 


Leavitt Mach. Co., Orange, Mass. 
Mats and Matting 
Mercer Rubber Co., Hamiltgn 


Square, N. J. 
Mechanical Draft Apparatus 


Green Fuel Economizer Co., Mat- 
teawan, N. Y 

Mechanical Stokers 

Westinghouse Machine Co., Pitts- 


burg, Pa. 


Wilkinson Mfg. Co., Bridgeport, Pa. 


Meters, Steam 
St. John, G. C., New York. 
Metal Polish 


Hoffman, Geo. 
Ind. 


W., Indianapolis, 


Oilers 

Lunkenheimer Co., Cincinnati, O. 

Pittsburg Gage & Supply Co., Pitts- 
burg, Pa 
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It’s Never Too Late 
To Learn To Save 








The wise power-p'ant man is the one who 
makes it his business to learn all the ways 
to save steam, water and fuel—and to adopt 
them in his plant as soon as he learns them. 
It's never too late to make a good change; but 
the sooner it’s made the better. In the past 20 
years thousands of power men have learned the 
superiority of | 


The Webster Feed Water 
Heater, Purifier and Filter 


Over 2,250,000 horse power are now in use, and every year adds 
several hundred thousand more to the total. The Webster Economy 
Lesson is being generally learned. No one wants to pay more for 
coal or water than is necessary, and Webster Heaters minimize the 

expenditure for those commodities. 











Booklet 12-F explains how. Write for it today. 





WARREN WEBSTER & CO. 
CAMDEN, N. J. No. 1 
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Oil and Grease Cups 

Cook’s Sons, Adam, New York. 
Greene, Tweed & Co. ., New York. 
Key stone \ eames Co., Philadel- 


phia -P: F 
Lainkehhelier Co., The, Cincinnati, 


Philadelphia Lubricator & Mfg. Co., 

Philadelphia, Pa. 

Sherwood Mfg. Co., Buffalo, N. Y. 

Williams Valve Co., D. T., Cincin- 
nati, O 


Oiling Systems 


Burt Mfg. Co., Akron, 
oe Gage & RS. Co., Pitts- 
burgh, Pa 


Oils 

Cook’s Sons, Adam, New York. 

Packing, Asbestos 

Johns-Manville Co., H. W., New 

Siemans Co., 

Mercer. Rubber Co., 
Square, N. J. 


Restein Co., Clement, Philadelphia, 
Pa. 


Henry, Jersey City, 


Hamilton 


Packing, Flange 

American Goetze Gasket & Pack- 
ing Co., New York. 

Brandt, Randolph, New York. 

Carey Co., The Philip, Cincinnati, O. 

Eureka Packing Co., New York. 

oes Packing Co., Palmyra, 


= 
Greene, Tweed & Co., New York. 
Jenkins Bros., New York. 
Johns-Manville Co., H. W., New 
York. 
Mercer Rubber Co., 
Square, N. J. 
ees Belting & Packing Co., New 


Peerless Rubber Mfg. Co., New 
York. 
uaker City Rubber Co., Phila., Pa. 
Restein Co., Clement, Phila., Pa. 
Sayen, Osgood, Philadelphia, Pa. 
Vanda Co., New York. 


Packing, Hydraulic 


Brandt, Randolph, New York. 

Detroit Leather Specialty Co., De- 
troit, Mich. 

Garlock Packing Co., Palmyra, N. Y. 

Johns-Manville Co., H. W., New 


Hamilton 


York. 
Johnson Co., Henry, Jersey City, 
Mercer Rubber  Co., 

Square, N. J. 
uaker C ity Rubber Co., Phila., Pa. 
Restein Co., Clement, Phila., Pa. 
Robertson ‘& Sons, Jas. L., New 

York. 

Sayen, Osgood, Phila., Pa. 
Steel Mill Packing Co., Detroit, Mich. 
Vanda Co., New York. 


Packing, Metallic 


American Goetze Gasket & Pack- 
ing Co., New York. 

Canfield Mfe. Co., Philadelphia, Pa. 

Johns-Manville Co., H. W., New 
York. 

Mercer Rubber Co., 
Square, N. J. 

Power Specialty Co., New York. 

Restein Co., Clement, Phila., Pa 

Sayen, Osgood, Phila., Pa. 


Packing, Piston Rod 


American Goetze Gasket & Pack- 
ing Co., New York. 

Cantield Mfg. Co., Philadelphia, Pa. 
& arey Co., The Philip, Cincinnati, O. 
Eureka Pac king Co., New York. 
Garlock Packing Co., Palmyra, N. Y. 
Greene, Tweed & Co., New York. 
Johns-Manville Co., H. W., New 

York. 

New York Belting and Packing 
Co., New York. 

Peerless Rubber Mfg. Co., New York. 
uaker City Rubber Co., Phila., Pa. 
estein Co., Clement, Phila., Pa. 

Robertson & Sons, Jas. L., New 
York, 

Sayen, Osgood, Phila., Pa. 

Steel Mill Packing Co., 
Mich. 

eg & Co., H. B., Philadel- 
phia, Pa 

Vanda Co., , New York. 


Hamilton 


Hamilton 


Detroit, 


Packing, Pneumatic 


Mercer Rubber Co., Hamilton 
Square, N. J. 

Restein Co., Clement, Phila., Pa. 

Pipe 


Central Station Steam Co., Detroit, 
Mich. 





Pipe, Wood Water 
bad ge & Son Co., A., Elmira, 
i 2 


Pipe Bending 


Best Mfg. Co., Pittsburg, Pa. 

Harrisburg Pipe & Pipe Bending 
Co., Harrisburg, Pa. 

National Pipe Bending Co., New 
Haven, Conn. 

Pittsburgh Gage & Supply Co., Pitts- 


urgh, Pa. 
Whitlock Coil Pipe Co., Hartford, 
Conn. 


Pipe Clamp 


Simplex Engineering Co., Philadel- 
phia, Pa 


Pipe Cutters 
Armstrong Mfg. Co., Bridgeport, 


Conn. 
Bignall & Keller Mfg. Co., Edwards- 
ville, Ill. 
Borden Co., Canton, O. 
Curtis & Curtis Co., 
Conn. 
Loew Mfg. Co., Cleveland, O. 
Oster Mfg. Co., The, Cleveland, O. 
Trimont Mfg. Co., Roxbury, Mass. 
— & Co., J. H., Brooklyn, 


Bridgeport, 


Pipe Joints 


Best Mfg. Co., Pittsburg, Pa. 

Pittsburg Valve & Fittings Co., 
Barberton, O. 

Pittsburg Valve, Foundry & Con- 
struction Co., Pittsburg, Pa. 

Whitlock Coil Pipe Co., Hartford, 
Conn. 


Pipe Threading Machines 

Armstrong Mfg. Co., Bridgeport, 
Conn. 

Bignall & Keeler Mfg. Co., Ed- 
wardsville, Ill. 

Borden Co., Canton, O. 

Curtis & Curtis Co., 
Conn. 

Loew Mfg. Co., Cleveland, O. 

Oster Mfg. Co., The, Cleveland, O. 

Toledo Pipe Threading Machine Co., 
Toledo, O. 

Trimont Mfg. Co., Roxbury, Mass. 

— & Co., J. H., Brooklyn, 


Bridgeport, 


Planimeters 

American Steam Gauge & Valve 
Mfg. Co., Boston, Mass. 

Crosby Steam Gage & Valve Co., 
Boston, Mass. : ; 

—_ Steam Specialty and 
Supply Co., Newark, N. J. 

Robertson & Sons, Jas. L., New 
York. 

Power Transmission 

American Mfg. Co., New York. 

Jeffrey Mfg. Co., Columbus, O. 

Minneapolis Steel & Mach’y Co., 
Minneapolis, Minn. 

Saginaw Mfg. Co., Saginaw, Mich. 

Presses, Hydraulic 

Watson-Stillman Co., New York. 

Producers, Gas 

De La Vergne Machine Co., New 

ork. 

Minneapolis Steel & Mach’y Co., 
Minneapolis, Minn. 

Westinghouse Mach. Co., Pittsburg, 
Pa. 

Publishers 

American School of Correspondence, 
Chicago, Ill. 

Hill Publishing Co., New York. 

International Correspondence 
Schools, Scranton, Pa. 

Pulleys 

Myers «& Bro., F. E., Ashland, O. 

Saginaw Mfg. Co., Saginaw, Mich. 

Pulleys, Clutch 

Williams Fdry. & Mach. Co., Akron, 
Ohio. 

Pumps, Air 

Wheeler Condenser & Engineering 
Co., New York. 

Pumps, Boiler Feed 

Kewanee Boiler Co., Kewanee, IIl. 

Pumps, Centrifugal 

Wheeler Condenser & Engineering 
Co., New York. 

Pumps, Electric 


Wheeler Condenser & Engineering 
Co., New York. 





Pumps, Force-Feed Oil 


Greene, Tweed & Co., New York. 
Lunkenheimer Co. Cincinnati, oO. 
Manzel Bros. Co., Buffalo, N.Y 

Sherwood Mfg. Co., Buffalo, N. Y. 


Pumps, Hydraulic 


Watson-Stillman Co., New York. 
Wheeler Condenser & Engineering 
Co., New York. 


Pumps, Oil 


American Steam Pump Co., Battle 
Creek, Mich. 

Cameron Steam Pump Wks., A. S., 
New York. 

Dean Bros. Steam Pump Works, 
Indianapolis, Ind. 

Deming Co., The, Salem, O. 

Detroit Lubricator Co., Detroit Mich. 

Du Bois Iron Wks., Du Bois, Pa. 

Lunkenheimer Co., Cincinnati, Ohio. 

Manzel Bros. Co., Buffalo, me ee 

— Injector Co., Detroit, 
Mich. 

Pittsburg Gage & Supply Co., Pitts- 
burg, Pa. 

Sherwood Mfg. Co., Buffalo, N. 

Union Steam Pump Co., 
Creek, Mich. 

Warren Steam Pump Co., Warren, 
Mass. 


Battle 


Pumps, Steam 

American Steam Pump Co., Battle 
Creek, Mich. 

Cameron Steam Pump Wks., A. S., 
New York. 

Dean Bros. Steam Pump Works, 
Indianapolis, Ind. 

De Laval Steam Turbine Co., Tren- 
ton, N. J. 

Du Bois Iron W orks, Du Bois, Pa. 

Gardner Gov. & Sep. Co., Quincy, 


Ill. 
McGowan Co., John H., Cincinnati, 


Myers & Bro., F. E., Ashland, O. 

National Steam Pump Co., Upper 
Sandusky, O. 

Stewart Heater Co., Buffalo, N. Y. 

Union Steam Pump Co., Battle 
Creek, Mich. 

Warren Steam Pump Co., Warren, 


Mass. 

Wheeler Cond. & Eng. Co., New 
York. 

Worthington, Henry R., New York. 


Pumps, Triplex 

Deming Co., The, Salem, O 

Pumps, Turbine 

Alberger Condenser Co., New York. 

Wheeler Condenser & Engineering 
Co., New York. 

Pumps, Vacuum 


Wheeler Condenser & Engineering 
o., New York. 

Punches, Hydraulic 

Watson-Stillman Co., New York. 

Purifiers, Live Steam 

Hoppes Mfg. Co., Springfield, O. 

Purifiers, Water 

Buckeye Boiler Skimmer Co., Toledo, 
Ohio. 

Eclipse Feed Water Heater and 
Purifier Co., Appleton, Wis. 

Harrison Safety Boiler Works, 
Philadelphia, Pa. 

Hoppes Mfg. Co., Springfield, O. 

Keystone Chemical Co., Phila., Pa. 

Northern Water Softener Co., Madi- 
son, Wis. 

Wheeler Condenser & Engineering 
Co., New York. 

Whitlock Coil Pipe Co., Hartford, 
Conn, 


Pyrometers 

American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

Bristol Co., The, Waterbury, Conn. 

Re-Cooling Plants 

De La Vergne Machine Co., New 
York. 


Schutte & Koerting Co., Philadel- 
‘phia, Pa. 


Recording Instruments 

American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

Bristol Co., The, Waterbury, Conn, 

Crosby Steam Gage and Valve Co.; 
Boston, Mass. 


Reducing Wheels 

American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

Crosby Steam Gage & Valve Co.3 
Boston, Mass. 

Lippincott Steam Specialty and 
Supply Co., Newark, N. J. 





Reducing Wheels—Continued. 
Robertson & Sons, Jas. L., New 


York. 
Trill Indicator Co., Corry, Pa. 
Refrigeration Machinery 
De La Vergne Machine Co., New 


ork. 
Triumph Ice Mach. Co., Cincinnati, 


Vilter Mfg. Co., Milwaukee, Wis. 
York Mfg. Co., York, Pa 


Regulators, Damper 


Berry Engineering Co., Chester, Pa. 
Davis Regulator Co., G. M., Chicago, 


Ill. 
d’Este Co., Julian, Boston, Mass. 
Kitts Mfg. Co., Oswego, N 
Lagonda Mfg. Co., Springfield, oO. 
Mason Regulator Co., Boston, Mass. 
— & Sons, Jas. E.. New 


W: eae & McDaniel Co., Phila., Pa. 


Regulators, Feed Water 


American Boiler Economy Co., 
Phila., Pa. 

Berry Engineering Co., Chester, Pa. 

Chaplin-Fulton Mfg. Co., Pittsburg, 


a. 
— Regulator Co., G. M., Chicago, 


d’Este Co., Julian, Boston, Mass. 

Lagonda Mfg. Co., Springfield, O. 

Mason Regulator Co., Boston, Mass. 

Strong, Carlisle & Hammond Co., 
Cleveland, O. 

Watson & McDaniel Co., Phila., Pa. 

Williams Gauge Co., Pittsburg, Pa. 


Regulators, Pressure 


American. Boiler Economy Co., 
Phila., Pa. 

Davis Co., John, Chicago, IIl. 

Davis Regulator Co., G. M., Chi- 
cago, E 

Dean Bros. Steam Pump Works, 
Indianapolis, Ind. 

d’Este Co., Julian, Boston, Mass. 

Fisher Governor Co., Marshalltown, 
Iowa. 

Ohio Brass Co., Mansfield, O. 

Robertson & Sons, Jas. L., New 
York. 

Strong, Carlisle & Hammond Co., 
Cleveland, O. 

Watson & McDaniel Co., Phila., Pa. 


Repairs, Engine and Pump 


Underwood & Co., H. B., Philadel- 
phia, Pa. 


Reseating Machines, Flue 
Cap 


Lagonda Mfg. Co., Springfield, O. 

Liberty Mfg. Co., Pittsburg, Pa. 

Reseating Machines, Valve 

Leavitt Mach. Co., Orange, Mass. 

Rope Dressing 

Cling-Surface Co., Buffalo, N. Y. 

Rubber Goods, Mechanical 

Garlock Packing Co., Palmyra, N. Y. 

Greene, Tweed & Co., New York. 

Mercer Rubber Co., Hamilton 
Square, N. J. 

New York Belting & Packing Co., 
New York. 

Peerless Rubber Mfg. Co., New 
York. 

Quaker City Rubber Co., Phila., Pa. 

Restein Co., Clement, Phila., Pa. 

Schools, Correspondence 

American School of Correspondence, 
Chicago, Ili. 

International Correspondence 
Schools, Scranton, Pa. 


Search Lights 


Engberg’s Electric & Mechanical 
Works, St. Joseph, Mich. 


Separators and Extractors, 
Steam and Oil 


ame & Son, Wm., Chicago, 
l 


Beggs & Co., Jas., New York. 

d’Este Co., Julian, Boston, Mass. 

Direct Separator Co., Syracuse, N. Y. 

Goubert Mfg. Co., New York. 

Harrison Safety Boiler Works, Phila- 
delphia, Pa. 

Hoppes Mfg. Co., Springfield, O. 

Ohio Blower Co., Cleveland, O. 

Patterson & Co., F. L., New York. 

ae Gage & Supply Co., Pitts- 

urgh 

Robertson & Sons, Jas. L., New 
York. 

Sims Co., Erie, Pa. 

Watson & McDaniel Co.. New York. 
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| OSTER No BUT ONE - INDICATOR 











The Crosby 
indicator 
(with either in- 

side or outside 
spring) 

With CROSBY REDUCING WHEEL 
iS A PERFECT COMBINATION 











In Making NO ENGINEER 
IMPORTANT should risk 
TESTS his 
of power plants REPUTATION 
IT IS THE ONE with any other 
relied upon instrument 





CROSBY STEAM GAGE & VALVE Co. ]} 
Boston New York Chicago London 

















WHAT! NO INDICATOR ? 


Don’t youknow that I can 

give you a fine up-to-date 

outfit, new, from $25 00 

up, and thatI will let you 

pay a part of it acting as 

my agentin your spare 

time ? 

I will give yous thorough course Extra \ in. Area Cyl. for 
of indicator instruction with @ Ammonia, Gas Engine 
fine indicator to practice with for and high pressure work. 
$5 00 per mo. Catalog ? 


A. C. LIPPINCOTT, Newark, N. J. 


HAND MACHINE. 


Threads 1-inch to 4-inch Pipe. 
Threads 43-inch to 13-inch Bolts. 
Handy in shop. 

Handy on the job. 

Always correct threads. 

Two speeds on one shaft. 

Low price for machine and extras. 


Send for Catalog No. 19. OOKS FOR ENGINEERS 
THE OSTER MANUFACTURING CO.., te Sora ciel eg 


21 SCHIELY STREET, Send for complete catalog. 
CLEVELAND, OHIO, U.S. A. Hill Publishing Co., 505 Pearl St., N. Y. | 


The “‘Hart’’ Oil Pump 


Injectors, Ejectors, 

















































Gauge Cocks, 

Boiler Tube Cleaners, 

Flue Scrapers and ° 
~~ Fit Better 

Oil Cups and Pumps, They 

yee Are Made Better 
utomatic Oil Pumps, 

Grease Cups, And 









Special Brass Work. Will Wear Longer Than 


Any Other Packing Made 


WEAPRWELL 


Reduce your repair account 
and 
increase the efficiency of your machines. 
If your dealer WILL NOT supply you, 
we will sell you direct. 





The 
**Sherwood”’ | ae 


J 







‘&) 
. rs nt ne Fe 
aol’ BUFFALO INJECTOR CLASS A 


Injector C= 






Write for Descriptive Booklet and Samples. 


DETROIT LEATHER SPECIALTY CO., Inc. 


175 Beecher Avenue, em Ra 
DETROIT, MICH, ete 


Catalogue and prices sent on application 


Sherwood Manufacturing Co. 
Buffalo, N. Y. 
L Manufacturers of Engine and Boiler'Supplies 
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Separators and Extractors, 
Steam and Oil —Continucd. 


Webster & Co., Warren, Camden, 


Wheeler Condenser & Engineering 
Co., New York. 

Whitlock Coil Pipe Co., Hartford, 
Con 

Williams Valve Co., D. T., Cincin- 
nati, O. 


Sheathing 

Carey Co., The Philip, Cincinnati, 
Ohio. 

Johns-Manville Co., H. W., New 
York 


Skylights 
Burt Mfg. Co., Akron, O. 
Smoke Preventers 


Climax Smoke Preventer Co., Bos- 
ton, Mass. 


Specialties, Steam 

American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

American District Steam Co., Lock- 
port, 

Baragw mak & Son, Wm., Chicago, 
Ill. 


Berry Engineering Co., Chester, Pa. 
Davis Regulator Co., G. M., Chicago, 
ll. 


d’Este Co., Julian, Boston, Mass. 
Fisher Governor Co., Marshalltown, 
Ta. 
Harrison Safety Boiler Works, 
Philadelphia, Pa. 
Hoppes Mfg. Co., Springfield, O. 
Liberty Mfg. Co., Pittsburg, Pa. 
Lippincott Steam Specialty and 
Supply Co., Newark, 
Lunkenheimer Co., ¢ ‘incinnati, Ohio. 
McCrea & Co., James, Chicago, Ill. 
Nason Mfg. Co. ., New York. 
Ohio Brass Co., Mansfield, Ohio. 
Patterson & Co., Ens New York. 
Penberthy Injector Co., Detroit, 
Mich. : 
Pittsburg Gage & Supply Co., Pitts- 
burg, P. 
Reliance Gauge Column Co., Cleve- 
land, O. 
Robertson & Sons, Jas. L., New 
York. ; 
Sherwood Mfg. Co., Buffalo, N. Y. 
Stephenson Mfg. Co., Albany, mm, ¥. 
Strong, Carlisle & Hammond Co., 
Cleveland, oO. , 
Watson & McDaniel Co., Phila., Pa. 
Webster & Co., Warren, Camden, 


N. J. 

Wheeler Cond. & Eng. Co., New 
York. . 

Williams Gauge Co., Pittsburg, Pa. 

Steam Heating Supplies 

American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

Erie Mfg. & Supply Co., Erie, Pa. 

Ohio Blower Co., Cleveland, O. 

Ohio Brass Co., Mansfield, Ohio. 

Stocks and Dies 

Armstrong Mfg. Co., Bridgeport, 
Conn. 

Bignall & Keeler Mfg. Co., Edwards- 
ville, Ill. 

Borden Co., Canton, O. 

Curtis & Curtis Co., Bridgeport, 
Conn, 

Loew Mfg. Co., Cleveland, O. 

Oster Mfg. Co., The, Cleveland, O. 

Toledo Pipe Threading Machine Co., 
Toledo, O. 


Stokers 


Green Engineering Co., Chicago, Il. 
McClave-Brooks Co., Scranton, Pa. 
Westinghouse Mach. Co., Pittsburg, 


Pa 
Wilkinson Mfg. Co., Bridgeport, 


Stokers, Mechanical 
McClave-Brooks Co., Scranton, Pa. 
Strainers 


Dean Bros. Steam Pump Works, 
Indianapolis, Ind. 

Liberty Mfg. Co., Pittsburg, Pa. 

Lunkenheimer Co., Cincinnati, O. 


Superheaters, Steam 


‘Babcock & Wilcox Co., New York. 


Parker Boiler Co., Phila., Pa 
Power Specialty Co., New York. 
Providence Eng. Wks., Providence, 


rm. 3 
Whitlock Coil Pipe Co., Hartford, 
Conn. 


Supplies 


N. Y. & N. J. Lubricant Co., New 
York. 





Switchboards, Light and 


Power 

Engberg’s Electric & Mechanical 
Works, St. Joseph, Mich. 

C. & C. Electric Co., The, New York. 

Fort a Electric Works, Ft. 
Wayne, 

—_, Electric Co., Schenectady, 


Northern Electrical Mfg. Co., Madi- 
son, Wis. 

Westinghouse Electric & Mfg. Co., 
Pittsburg, Pa. 


Switches, Electric 
Engberg’s Electrical & Mechanical 


Works, St. Joseph, Mich. 
General Electric Uo., Schenectady, 
|, i # 


Westinghouse Electric & Mfg. Co., 
Pittsburg, Pa. 


Syphons, Acid 
Pittsburg Gage & Supply Co., 


Pittsburg, Pa. 
Sherwood Mfg. Co., Buffalo, N. Y. 


Tachometers 


Schaeffer & Budenberg Mfg. Co., 
Foxboro, Mass. 


Taps and Dies 


Toledo Pipe Threading Mach. Co., 
Toledo, Ohio. 


Temperature Regulators 
d’Este Co., Julian, Boston, Mass. 
Thermometers, Feed Water 


American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

Bristol Co., The, Waterbury, Conn. 

Pittsburg Gage & Supply Co., Pitts- 
burg, Pa. 


Tools, Scraping 


Mound Tool & Scraper Co., St. 
Louis, Mo. 


Transformers and Convert- 
ers 

General Elec. Co., Schenectady, N.Y. 

Westinghouse Electric and Mfg. Co., 
Pittsburg, Pa. 

Traps 


Anderson Co., V. D., Cleveland, O. 

Central Station Steam Co., De- 
troit, Mich. 

~— Regulator Co., G. M., Chicago, 


d’Este Co., Julian, Boston, Mass. 

Jenkins Bros., New York. 

Kitts Mfg. Co., Oswego, N. Y. 

McCrea & Co., James, Chicago, IIl. 

Morehead Mfg. Co., Detroit, Mich. 

Nason Mfg. Co., New York. 

Ohio Blower Co., Cleveland, O. 

Platt & Co., John, New York. 

Reliance Gauge Column Co., Cleve- 
land, O. 

Schutte & Koerting Co., Phila., Pa. 

Strong, Carlisle & Hammond Co., 
Cleveland, D>. 

Watson & McDaniel Co., Phila., Pa. 

Williams oe Co., The, Pitts- 
burg, 

Williams Valve Co., D. T., Cincin- 
nati, O 

Tube Cleaners 

Lagonda Mfg. Co., Springfield, O. 

Liberty Mfg. Co., Pittsburg, Pa. 

McCrea & Co., James, Cc om Ill. 

Pierce Co., Wm. B., Buffalo, 

Robertson & Sons, Jas. ‘eq New 


York. 
Sherwood Mfg. Co., Buffalo, N. Y. 
Tube Cleaner Rods 
McCrea & Co., James, Chicago, III. 
Tube Cutters 
Lagonda Mfg. Co., Springfield, O. 
Tubing 


Johns-Manville Co., H. W., New 
York. 

Peerless Rubber Mfg. Co., New York. 

Pennsylvania Flexible Metallic Tub- 
ing Co., Philadelphia, Pa. 


Turbines, Steam 


De Laval Turbine Co., Trenton, N. J. 
General Electric Co., Schenectady, 


Se ully Steel & Iron Co., Chicago, Ill. 
Westinghouse Machine Co., Pitts- 
burg, Pa 


Unions 


Lunkenheimer Co., Cincinnati, Ohio. 

Pittsburg Valve and Fittings Co., 
Barberton, O. 

Williams Valve Co., D. T., Cincin- 
nati, O 





Valves 


Amer. Steam Gauge & Valve Mfg. 
Co., Boston, Mass. 

Ashton Valve Co., Boston, Mass. 

Crosby Steam Gage & Valve Co., 
Boston, Mass. 

— Regulator Co., G. M., Chicago, 


Engberg’s Electric & Mechanical 
Works, St. Joseph, Mich. 

Jenkins Bros., New York. 

Liberty Mfg. Co., Pittsburg, Pa. 

Lunkenheimer Co., Cincinnati, Ohio. 

Ohio Brass Co., Mansfield, Ohio. 

Pittsburg Valve & Fittings Co., Bar- 
berton, O. 

Pittsburg Valve, Foundry & Con- 
struction Co., Pittsburg, Pa. 

Schutte & Koerting Co., Philadel- 
phia, Pa. 

Walch & Wyeth, Chicago, IIl. 

Watson & McDaniel Co., Philadel- 
phia, Pa. 


Valves, Automatic Cut-off 
Lagonda Manufacturing Co., Spring- 


eld, O. 
WwW alch & Wyeth, Chicago, Ill. 


Valves, Automatic Relief 
Walch & Wyeth, Chicago, II. 


Valves, Back Pressure 


Best Mfg. Co., Pittsburg, Pa. 
— Regulator Co., G. M., Chicago, 


Jenkins Bros., New York. 

Pittsburg Valve Foundry and Con- 
struction Co., Barberton, O. 

Walch & W yeth, Chicago, Il. 


Valves, Blow-off 


Homestead Valve Mfg. Co., Pitts- 
burg, Pa. 

Pittsburgh Gage & Supply Co., Pitts- 
burgh, Pa. 


Valves, Check 
Walch & Wyeth, Chicago, Ill. 
Valves, Cylinder Relief 


Amer. Steam Gauge and Valve Mfg. 
Co., Boston, Mass. 

Crosby Steam Gage & Valve Co., 
Boston, Mass. 

Davis Regulator Co., G. M., Chicago, 


Lunkenheimer Co., Cincinnati, O. 
Valves, Drain 


Lunkenheimer Co., Cincinnati, O. 
Williams Valve Co., D. T., Cincin- 
nati, Ohio. 


Valves, Electro-Hydraulic 


Engberg’s Electric & Mechanical 
Works, St. Joseph, Mich. 


Valves, Exhaust Relief 

Walch & Wyeth, Chicago, III. 

Valves, Float 

Homestead Valve Mfg. Co., Pitts- 
_burg, Pa. 

Pittsburg Gage & Supply’ Co., 
Pittsburg, Pa. 

Ross Valve Co., Troy, N. Y. 

Valves, Free Exhaust 

Schutte & Koerting Co., Philadel- 
phia, Pa. 

Valves, Gate 

— Station Steam Co., Detroit, 
Mich. 

Lunkenheimer Co., Cincinnati, O. 

Ohio Brass Co., Mansfield, Ohio. 

Pittsburg Valve and Fittings Co.. 
Barberton, O. 

— mare Ms age & Supply Co., Pitts- 


Wales " Wy eth, Chicago, IIl. 
Williams Valve Co., D. YP Cincin- 
nati, O 


Valves, Hydraulic 


American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

Engberg’s Electric & Mechanical 
Works, St. Joseph, Mich. 

Lunkenheimer Co., Cincinnati, O. 

Pittsburg Gage & Supply Co., Pitts- 
burg, Pa. 

Watson-Stillman Co., New York. 

Williams Valve Co., D. T., Cincin- 
nati, Ohio. 


Valves, Iron, Stop 


Williams Valve Co., D. T., Cincin- 
nati, Ohio. = 


Valves, Non-return 
Walch & Wyeth, Chicago, II. 





Valves, Pop Safety 


American Steam Gauge & Valve 
Mfg. Co., Boston, Mass. 

Ashton Valve Co., Boston, Mass. 

Lunkenheimer Co., Cincinnati, O. 

Williams Valve Co., D. T., Cincin- 
nati, O. 


Valves, Pump 

Garlock Packing Co., Palmyra, N. Y. 
Valves, Reducing 

—— Regulator Co., G. M., Chicago, 


Ohio Brass Co., Mansfield, Ohio. 
Watson & McDaniel Co., Philadel- 
phia, Pa. 


Valves, Regrinding 


Lunkenheimer Co., Cincinnati, O. 

Pittsburg Valve and Fittings Co., 
Barberton, O. 

Strong, Carlisle & Hammond Co., 
Cleveland, O. 

Williams Valve Co., D. T., Cincin- 
nati, O 


Valves, Regulating 


Fisher Governor Co., Marshalltown, 
Iowa. 

Ohio Brass Co., Mansfield, Ohio. 

Pittsburg Gage & Supply Co., Pitts- 
burg, Pa 


Valves, Relief 


Amer. Steam Gauge & Valve Mfg. 
Co., Boston, Mass. 

Ashton Valve Co., Boston, Mass. 

d’Este Co., Julian, Boston, Mass. 

Jenkins Bros., New York. 

Lunkenheimer Co., Cincinnati, O. 

Peerless Rubber Mfg. Co., New York. 

Power Specialty Co., New York. 

Quaker City Rubber Co., Philadel- 
»hia, Pa. 

Wheeler Condenser & Engineering 
Co., New York. 

Valves, Safety 

Amer. Steam Gauge & Valve Mfg. 
Co., Boston, Mass. 

Lunkenheimer Co., Cincinnati, O. 

Pittsburg Gage & Supply Co., Pitts- 
burg, Pa 


Valves, Safety Gate 

Walch & Wyeth, Chicago, IIl. 

Valves, Stop Check 

— & & Koerting Co., Philadel- 
phia 


Williams Save Co., D. T., Cincin- 
nati, Ohio. 


Valves, Swing Gate 

Walch & Wyeth, Chicago, Ill. 

Williams Valve Co., D. T., Cincin- 
nati, Ohio. 

Valves, Water Relief 

American Steam Gauge & Valve Mfg. . 


Co., Boston, Mass. 
ee Co., The, Cincinnati, 


Ventilators 


Burt Mfg. Co., Akron, 
Ohio Blower €o., a Ohio. 


Water Columns and Alarms 


American Steam Gauge and Valve 
Mfg. Co., Boston, Mass. 

Lunkenheimer Co., Cincinnati, O. 

Pittsburg Gage & Supply Co., Pitts- 
burg, Pa. 

Reliance Gauge Column Co., 
land, 


Water Filtration and Soft- 
ening Plants 


Eclipse Feed Water Heater and 
Purifier Co., Appleton, Wis. 

Harrison Safety Boiler Wks., Phila- 
delphia, Pa, 

Keystone Chemical Mfg. Co., Phila- 
delphia, Pa. 

Northern Water Softener Co., Madi- 
son, Wis. 


Whistles 


Williams Valve Co., D. T., Cincin- 
nati, Ohio. 


Whistles, Chime 

American Steam Gauge & Valve Mfg. 
Co., Boston, Mass. 

Lunkenheimer Co., Cincinnati, O. 


Pittsburg Gage & Supply Co., Pitts- 
burg, Pa 


Wrenches 

Curtis & Curtis Co., 
Conn. 

Trimont Mfg. Co., Roxbury, Mass. 

ae & Co., J. H., Brooklyn, 


aN. 


Cleve- 


Bridgeport, 











June 30, 1908. 


POWER AND THE ENGINEER. 61 


Tight belts 
or 


Easy belts ? 











Take your choice. 





Send For Murphy 
HE Knows 


Are you the man that is sent for when expert infor- 
mation is wanted? Sucha man is always in demand 
at a big salary because he knows, because he’s 
trained, not through practical experience alone, but 
by the theoretical knowledge necessary to hold the 
higher positions. 


You can run them 
tight after using Cling- 
Surface or you can run 


They 


won’t slip either way. 


them slack. 
The man ‘‘sent for’’—and there’s such a man in 
every establishment—is some man who by reason of 
his training can furnish expert information at a 
moment’s notice. He is paid for his knowledge and 
is paid well, because he is essential to the business. 
His training makes him preferred when the positions 
higher up are to be filled. You cannot keep him 
down because his training compels success. 


But you cannot run 
them slack wsthout 


If you want to be the man ‘‘sent for’’ get in touch 
with the International Correspondence Schools. 
Lack of capital need not hinder; it doesn’t matter 
how little schooling you have; it is immaterial how 
scant your spare time. 


Cling-Surface for they 
slip even when they 


Simply mark and mail the coupon below and the 
I. C. S. experts will explain free of charge how they 


can adapt the greatest power 
I Cc Ss in the world today for pro- 
- . - motion and success to your 

2 : oe : 
Trained Men individual needs and cir- 
° cumstances. We are wait- 
Win ing for your coupon. ; 


are tight. 
And Cling-Surface 


doubles their lives. 


pthc hibettitibtipipei neha hbee heel 
INTERNATIONAL CORRESPONDENCE SCHOOLS 
Box 979, Scranton, Pa. 


Please send me, free, a copy of ‘‘1001 Stori¢s of Success,’’ and explain how I can 
qualify for the position before which I have marked X. 


Then why wait? 











Electrical Engineer 
Elec.-Lighting Supt. 
Elec.-Railway Supt. 
Electrician 
Telephone Engineer 
Civil Engineer 
Bridge Engineer 
Mechanical Engineer 
Stationary Engineer 
Gas Engineer 
Refrigeration Eng. 
Traction Engineer 





Machine Designer 
Mechanical Draft. 
Foreman Machinist 


Foreman Toolmaker 


Foreman Molder 


Foreman Blacksmith 


Marine Engineer 
Hydraulic Engineer 
Municipal Engineer 


. R. Construc. Eng. 


Surveyor 
Mining Engineer 





Sanitary Engineer 
Architect 


Architectural Draft. 


Ad Writer 
Window Dresser 
Chemist 
Sheet-Metal Draft. 


Ornamental Design. 


Textile Designer 
Bookkeeping 
Stenographer 


Civil Service Exam. 








CO es 


Cling-Surface Co 


1049 Niagara St Buffalo N Y 


New York Boston Denver Atlanta 
Chicago St Paul St Louis Memphis Etc 


St. and No a London Thomas & Bishop 119-125 Fiiisbury Pavemert EC 


SSS STHHSHSSHESHSHESSHSSSSHSHHHH HM, 


* City __ Se ee en Ee ee State. 
SESS SSSHSHSSHS SH HESHEHSES SHES SEH SES ESO SSS OSES SOO? 


COSTS SSHS SS SSS SSSSSSSSSS#sS#sesee:s 





ee 
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“Trimo” 


Gold 
Medal 
St. Louis, 
1904 


Sent free 
New Catalogue No. 21. Write for one. 


Drawing stress entirely upon the Handle— 


55-71 Amory St., 


Strongest of All 
Chain Wrenches 









Not on the Jaws, that 1s why. 


Trimont Mfg. Co., 


Roxbury, Mass., U.S. A. 














J. H. WILLIAMS & CO. 


SUPERIOR DROP FORGINGS 
BROOKLYN AND NEW YORK 





‘‘Agrippa’s”’ 


perfect pull— 





is the first thing noticeable even in 
ordinary work of “Agrippa” Chain 
Wrench. Whether lift on the often 
inaccessible, narrow, cramped forms 
of fittings or on pipe the grip 
is felt at once and the impelling 
force while marked requires less 
strength. It’s the result of perfect 
chain contact. The pipe or fitting 
is hugged in almost a complete cir- 
cle—just as your hand might grip it. 
“Agrippa”? Wrenches are unequaled 
for all kinds of pipe work. On trial 
from dealers. 














BIRD-ARCHER 
BOILER COMPOUNDS 


I used to wear 
over-alls three Sun- 
{ days out of the 
‘month trying to 
keep down the 
scale and grease in 
our boilers, but I’ve 
quit working over- 
time. 

Nosir, there’s no use 
in worrying with 
leaks and cleaners, 
the right way to 
clean boilers is to 
» use Bird-Archer 
y Compound, be- 
cause it’s easy to 
handle and guaran- 
teed to do _ the 
trick. If it doesn’t 
cut out the scale and grease and stop pitting and 
grooving you don’t have to pay for it. 





Better ask for their Book, ‘‘Ten Questions for Steam Boiler Users.”’ 


THE BIRD-ARCHER CO., 
90 West Street, a New York City. 














Hoisting Devices have reached their highest develop- 
ment in Y.& T. Chain Blocks. Made in 4 kinds 
and 20 sizes for every hoisting need. 

Triplex, the best hand hoist; greatest ease, safety and 
speed. Capacity % to 4o tons. 

Duplex, for ease and handiness. Capacity % to 10 
tons. 

Differential, the cheapest reliable hand block. Capacity 
¥% to 3 tons. 

Y. & T. Electric, the best power hoist for rapid work. 
Capacity 1 to 16 tons. 


Y. & T. Blocks, duplicate parts and trolleys are carried in stock by 
Hardware, Machinery and Mill Supply Dealers. Write for catalog. 


The ¥ale & Towne Manufacturing Company, 
9 Murray Street, New York. 
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THE HAWE. EYE BOILER COMPOUND 
NEVER FAILED. 


See our Advertisement in First Issue 
Every Month. 


HAWK-EYE COMPOUND CO., 


608-804-305 Merrick Block, CHICAGO, ILL. 


THE PHOSPHOR BRONZE SMELTING CO. mn 


2200 WASHINGTON sa tebe soe PHILADELPHIA, PA 


ELEPHANT BRAND - phar. Dyronge 


Century Rubber Belt 












and 
Pivoted Bucket 


._\ Conveyers 
For Handling Coal 


and Ashes in 
Power Plants. 














Write for Catalog D. 


THE JEFFREY MFG. COMPANY, 
COLUMBUS, OHIO, U. S&. A. 


NEW YORK CHICAGO BOSTON 8T. LOUIS PITTSBURGH. 
DENVER KNOXVILLE CHARLESTOWN MONTREAL 









INGOTS, CASTINGS, WIRE, we SHEETS, Etc. 
— DELTA .METAL,— 


CASTINGS, STAMPINGS anv FORGINGS 
REG. U. S. PAT. OFF. ORIGINAL and SOLE Makers in THE U.S 











Compare 


Your annual cleaning and repair bills to the 
cost of a Buckeye Skimmer. You've tried the 
cleaning and repair bills at your own expense, 
now try the Buckeye at our expense for 30 days, 
it saves 80% of boiler cleaning and repairing. 
















BUCKEYE BOILER SKIMMER COMPANY, 
SOUTH END, TOLEDO, OHIO. 





















. 
. 
or - 
LL woowensiioces acces” 2 





















Every Engineer 
Owes Himself Two Dollars! 


- That’s the price of a subscription to the 
weekly Power and The Engineer, and every 
engineer owes it to himself to get on the list 
and become a regular reader. Everything 
worth while that’s being done in the power and en- 
gineering field is described and illustrated by experts. 
Everything the engineer needs, to keep him abreast 
of modern methods, is told in “‘to-the-point’’ lan- 
guage. Power and The Engineer isa practical weekly 
for the progressive engineer. He owes it to himself 
to subscribe. Valuable premiums are offered to pre- 
sent subscribers for securing new ones. Start now. 








Power and The Engineer 
505 Pearl Street, New York 
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TULLEY'S HANDBOOK 


Tulley’s Handbook 
and any ONE of the 
three books below at 
the price of the Hand- 
book alone! 


® 





$3.50 Postpaid 





® 


Condensers 
By FRED LOW, Editor of POWER 


The Standard work on condensers. 
Tells all about the Principles, Injector 
Condensers, Jet Condensers, Surface Con- 
densers, Exhaust Steam Induction, Si- 
phon Condenser, etc. 6x9, bound in cloth. 


The Compound Engin: 
By FRED LOW 

This book, by POWER’S editor, con- 
sists of an illustrated series of lectures. It 
begins with first principles and tells the 
whole story of the Compound Engine in 
clear, understandable language. It’s the 
sort of book you can refer to any time 
and be sure of finding reliable informa- 
tion. Size, 6x9, bound in cloth. Fully 
illustrated. 


Central Station Experienc: s 


A series of narratives on the trials 
and tribulations of a steam engineer 
while learning to run an electric station. 
Written in “story” style, humorous, in- 
teresting, but, above all, practical and 
simply chock full of information that 
finally made the engineer an expert in 
station practice. Bound in heavy boards. 
6x9, fully illustrated. 








In Four Days 
This Offer Will 
Expire! 


July 4th is the date we’ve set as a limit to 
this special free b»ok proposition. Many of P wer 
and The Engineer’s subscribers will not receive 
their copy of the paper until after that date. 
Therefore, to make it possible for every subscriber 
to take advantage of this proposition, we will ac- 
cept all orders sent within four days of the receipt 
of this number. 


The regular price of TULLEY’S HAND- 
BOOK is $3.50. Order the Handbook and 
you may have anyone of the three books 
listed absolutely FREE with a guarantee to 
refund your money if you’re not satisfied. 


TULLEY’S HANDBOOK is the engineer’s 
encyclopedia. It’s the one sure dependable 
source of information on every subject relating 
to steam and electrical engineering. It’s a right 
hand helper over the rough spots when you 
stay at home with the engine and an authori- 
tative guide when you go out after the license. 
It represents the expenditure of thousands of 
dollars and years of time to give you in one 
book the best modern engineering practice. 
There are a thousand pages, everyone brim- 
ful of helpful information. There are over 400 
illustrations to make every point clear. 


A complete index: enables you to instant- 
ly find any desired subject. It is handsomely 
and substantially bound in flexible leather 
and will withstand any amount of hard usage. 


You owe it to yourself to get this book 
and when the opportunity is offered to obtain 
another fine book as well absolutely FREE 
you should not neglect the chance. 


Guarantee—Order TODAY Enclose $3.50 
and we'll send you Tulley’s Handbook and any 
one of the others you select. If you are not entirely 
satisfied return the books in good condition within 
5 days and yuur moncy will be refunded. 








Hill Publishing 


Power 


Company, 


American Machinist - 


505 PEARL STREET, 
NEW YORK CITY. 


The Engineering and Mining Journal 
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C si HE largest contract ever awarded for steam pipe 
arey S$ and boiler coverings specified Carey’s. This 
was the result of an exhaustive test conducted by the 

per Manhattan Railway Company of New York, which 

re) 5 proved Carey’s Coverings to be more efficient and far 
superior in every way to any other of the numerous 

makes. No other coverings proved to be as light, 


clean and substantial. 

afr Oonate Carey’s Coverings are absolutely fire-proof, and be- 
ing thorough non-conductors of heat they confine the 
heat to the pipes, effectually preventing its loss 


» 
Ma nesia through radiation, thus saving in fuel an amount suf- : 
4 ficient to more than offset the cost of their application. 
The most prominent steam users everywhere use 
Carey’s Covering. Do you want to know why? 


® : 
Coverings _ Send for Carey’s Magnesia Catalogue, It gives 


information not obtainable elsewhere. 


THE PHILIP CAREY COMPANY 


General Offices: Station R, Cincinnati, O. 
FACTORIES: LocKland, Ohio; Plymouth Meeting, Pa. 
Branches and Warerooms: 


cent 


New York : 114-118 Liberty Street. Toronto, Canada : 112 Bay Street, East. Atlanta, Ga : 34 West Alabama Street. 
8t. Louis: 908 North 2nd Street. Cleveland, Ohio : 123 Water Street. Charlotte, N. C.: East 7th and R R. Streets. 
Baltimore, Md : 332-334 North Street. Buffalo, N. Y.: 45 Pearl Street. New Orleans, La. : 222 Chartres Street. 


Philadelphia, Pa. : 12th and Buttunwood Sts. Pittsburg, Pa. : 333-335 Second Avenue. 




















Knowledge is the Engineer’s support. Upon it depends 
his success or failure. Friends and influence may be of material 
assistance in securing a position, but knowledge, and knowledge 
only, holds the position. The strength of any man’s support 
depends entirely upon himself. If he is content to drift along 
from day to day without learning more, without exercising his 
brain, his support will weaken—like muscle when not properly 
exercised. Do not let a few hours’ study stand in the way of your 
success. 


‘CYCLOPEDIA of ENGINEERING 


helps every person interested in steam, gas and oil engine s to wet at just what he wants—it gives 
him exaetly the information which he needs. These six massive volumes offer him a true support—a_ support 












which will not weaken. The 3.000 7x10 in. pages are.crammed with good brain exercises—the 2,000 illustrations, full 
page plates, diagrams, seciions, tables, formulas, ete., tend to simplify this exercise without detracting from its benefits. 

Promotion comes with increased knowledge. The first-class engineer must know something besides 
making steam and saving fuel. Ie must understand more than one type of engine and more than one kind of fuel; 


how to manage the dynamos that his engines drive, and how to wire for light and power. And he must know how to 
put his suggestions for improvements or repairs into drawings so that others can understand them. This Cyclopedia 
covers all these subjects, and more. 


$ 18.00 Special Price—Regular Price $30. OO 


Sent express prepaid for five days’ FREE examination. If it meets your needs, send $2.00 
and $2.00 a month until you have paid the special $18.00 price ; otherwise notify us to send for the books 
at our expense. Regular price is $36.00. 
This work is invaluable in the libri ary of any progressive man whether he is an engineer, fireman, 











mechanic, superintendent, shop owner, student, inventor, or user of power in any form. i 4 od 
We employ no agents to sell our books. thus giving us the opportunity of Wf 
selling direct to you at the very lowest price. Pd Americen 
School of 

Brief List of Contents e Correspondence. 

Steam, Gas and Oil Engines—Indicators—Valve Gears—The Steam Turbine—Compression 2 Siseceenten *ebue- 
and Absorption Refrigeration—Marine Boilers and Engines—Condensers—Navigation— RS dia of Engineering for 6 
Locomotive Engines and Boilers—Vaive Motion—Air Brakes Automobiles—Principles of days’ free examination. I 
Heat—Chemistry—Construction of Boilers—Calorimeters—Steam Pumps—Elevators— Oo tt ome eoeoutite : dogo 
Theory of Dynamo-Electric Machinery Direct Current Dynamos—Direct Current Y paid $10.00; otherwise | will noti- 


Motors- Management of Dynamo-Electric Machinery—Electrie Wiring—*torage P fy you to send for the books. 
Batteries—Machire Shop Work—The Lathe--The Planer- The Shaper—Sys- “ 
tems of Warmine—Prirciples of Ventilation—Heating: Furnace, Steam, 





and Hot Water—Mechanical Drawing—Air Compressors. ae Nick sivas 00) CieseGacked 2 ceed 
ee RII: vain nn0sss0 canaepnnns 
AMERICAN SCHOOL OF CORRESPONDENCE ~ cvwtion oem 
CHICAGO ra Employer ......++sesesereee seerssssnenenaererers 
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Heat Cannot Escape Through 


Wyckoff's 
Patent Coverings 





A—Tin Lining. B—Asbestos. C—Wood. D—Corrugated Pipes. 
E—Wood. F—Asphaltum Coating. 


For steam anda hot water Pipes 
Wyckoff’s Coverings are unsur- 
passed. Made of a combination of 
non-conductive materials—select- 
ed, well-seasoned white pine prin- 
cipally. They are light and dur- 
able beyond all others. Their 
construction prevents burning or 
charring and is proof against the 
radiation of heat. Apply them 
to your pipes and you have a big 
economizer in steam and a 
dividend payer as permanent as 
your plant itself. 


Write for Catalog. 


iD» re peg et Sits 
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Opened Covering for Pipes Already Placed. 


A. Wyckoff & Son Co., Elmira, N. Y. 














Established 1855. | 

















This 


Looks 
an Ordinary Book 


But, on the pages of this * 
tion that will help any engineer to get out of the 
“ordinary class. 


Like 


“ordinary” book i 1s informa- 


Engine~ Room 
Chemistry 


By Prof. A. H. GILL 


Mass. Institute of Technology 


There is something more to the engineering busi- 
ness than j just keeping the wheels going and it is the 
engineer who annexes this “something more know- 
ledge that gets in a class by himself. Take the simple 
and easily learned chemistry of the engine-room. With 
its aid you can analyze your fuel and curtail the coal 
pile extravagance; you can analyze your flue gases and 
regulate combustion to a dead certainty; you can de- 
termine exactly the ingredients required in your lubri- 
cants to give your engines greatest efficiency. 


You can save money and promote efficiency in 





your plant if you will read th's book. 
It is easily understood and digested. Alll the 


chemistry you need to know is explained in the first 
chapter. From there on, by the aid of illustrations 
and clear instructions, you are taken over the entire 
course of experiments relating to the chemistry of the 
engine-room. 





It will pay you to have this book at almost any 
price. As it is, you can buy it for $1.00, and be pro- 
tected in every way by our 
GUARANTEE—Send $1.00. We'll forward the book post- 
paid. If you are not ENTIRELY satisfied and return the book 


in good condition within 5 days your money will be refunded. 


Hill Publishing Co., 


505 Pearl Street, New York City. 
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| The Ideal Roofing for Boiler Houses, 
| Power Houses and Factory Plants 








J=-M Asbestos Roofing is Not Affected 
By Acids, Chemical Fumes, Etc. 














This is the only Roofing that acids, chemical 
fumes, and gases will not affect, because it is the 
only Roofing made of an indestructible material 
—asbestos. Therefore the only Roofing that will 
last any length of time on boiler houses, chemi- 
cal plants, foundries, smelters, etc. Jt will not 


rot, rust, melt or crack. 


Is a Sure Protection 
against Fire 


; y rc > > > 
“Each Layer A Roofing In tteelt.” from burning sparks, embers, etc. 


















Iron, tin and most prepared roofings need painting every year or two and are really never paid 
for. They are a constant source of trouble and expense. The first cost of J-M ASBESTOS ROOFING is 
the only cost, because—being made of Asbestos—it 


Requires No Coating or Painting 


Therefore it is the ‘‘cheapest-per-year’’ Roofing on the market. Figure it out yourself on the 
basis of Loo square feet—for a period of 10 years. 


J-M Asbestos Ordinary 
Roofing Roofing 
First cost (at list price) $5.00 $3.00 
Cost of coating 10 years 0.00 3-75 (every two years at 75c. per square.) 


Deterioration and depreciation 






during 10 years 0.00 3.00 (10% per year.) 
item Teenie 
Total cost $5.00 $9.75 


The ordinary roofing actually costs $4.75 (90%) per square more than J-M ASBESTOS ROOFING at 
the end of ten years. 










Write Nearest Branch for Samples and Catalog. 





H. W. JOHNS-MANVILLE CO. 


Manufacturers of Asbestos and Magnesia Products, Asbestos Roofings, Packings, Electrical Supplies, Etc. 





New York St. Louis Baltimore Los Angeles 
Milwaukee Pittsburg New Orleans Seattle 
Chicago Cleveland Kansas City Dallas 
Boston Buffalo Minneapolis Toronto 





Philadelphia Detroit San Francisco London (837) 
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“ Torpedo-Asbestos ” 
























Asbestos Metallic Steam Sheet Packing, 
about 250 lbs. to roll, 40 in. wide, all 
thicknesses. 


Osgood Sayen 15th @ Market Sts., Philadelphia; Pa. 


HIGH PRESSURE 
SHEET PACKING 


Now used extensively by the lead- 
ing shipyards in the United States. 


Style No. 1050—U.58.N. Special, 
for high pressure and superheat. 
Style No. 1060—Best Commer- 
cial, Soft, flexible, good for all- 
round work. 


Don’t Experiment 


will do your work. 


TORPEDO-ASBESTOS 





omating ov wer | ~FLydraulic Presses 





won its reputation on 
U.S.Navy torpedo boats 


Write for our 


for all kinds of 


plieg. 


We have thousands of patterns covering 

Catalog Straightening, Baling, Banding, Broaching, 
Send in your orders Caking, Capping, Die, Wheel, Fist, Crank 
Engine Room gup- Pin, Embossing, Forging, Forcing, Mandrel, 


Laboratory, Oil and Powder Presses. We 


manufacture all types. Every one guaranteed. 





Main Office, 421 Arcade Bldg. 





Store and Warerooms, 131 Market St., Philadelphia, 


WATSON-STILLMAN CO. 


50 Church Street, New York City. 
| Chicago Office, 453 The Rookery. 














S. H. COLLOM. 


YOU CAN BEND IT BUT 
NOT REND IT 


Pennsylvania Flexible Metallic Tubing has even 
greater flexibility than rubber hose, and a degree of strength 
and endurance equal to that of metal pipe. Best for high 
pressure. Examine the edges. See how they interlock. En- 
closed therein is a thread of asbestos, which makes the tubing 
perfectly tight and protects it from internal or external wear. 
The material we use is the finest copper or galvanized steel 
tape, rolled in one continuous length in the form of a spiral. 


Tubing is made in all sizes from }” to 12”, and is used for 
all purposes where high pressure is necessary and also for all 
liquids, compressed atr, gases, etc. 


Write for Circular. 


Pennsylvania Flexible Metallic Tubing Co., 
1305 Arch Street, Philadelplia, Pa. 


New York Boston 
86 Warren St, 71 High St. 





H. A. ANSELL 


Chicago 
255 LaSalle St. 
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PATENTED MANUFACTURED EXCLUSIVELY BY 


THE PEERLESS RUBBER MANUFACTURING COMPANY 


16 WARREN ST., NEW YORK 


DETROIT, MICH.— 16-24 WOODWARD AVE. SEATTLE,WASH— RAILROAD WAY & OCCIDENTAL AVE. BOSTON, MASS—II0 FEDERAL ST. 
CHICAGO, ILL- 202-210 SO. WATER ST. LOUISEVILLE, KY -111-121 W.MAIN ST. BUFFALO,379-383 WASHINGTON ST. 
PITTSBURG, PA- 425-427 FIRST AVE. INDIANAPOLIS, IND -16-18 SQ.CAPITOL AVE MILWAUKEE,WIS. 96-100 SECOND ST. 
SAN FRANCISCO,CAL. 131 153 KANSAS ST. OMAHA.NEB.-12 18 FARNAM ST. SYRACUSE ,NY.- 212-214 SO.CLINTON ST. 
NEW ORLEANS, LA:COR.COMMON&TCHOUPITOULAS STS. DENVER,COL.- 1723-1731 BLAKE ST. LOS ANGELES.CAL-115 SO.LOS ANGELES ST. 
ATLANTA GA.- 7-9 SOUTH BROAD ST. RICHMOND.VA,~ COR.NINTH & CAREY STS. PORTLAND, ORE=14-16 FIRST ST. 
KANSAS CITY, MO.- 1221-1223 UNION AVE. WACO,T EXAS -709-7II- AUSTIN AVE. BALTIMORE,MD.-37 HOPKINS PLACE. 

FOREIGN DEPOTS 
LONDON E.C.,ENGLAND,-58 HOLBORN VIADUCT SYDNEY,AUSTRALIA,-270 GEORGE ST. COPENHAGEN, DEN-FREDERIKSHOLMS KANAL 6. 
PARIS FRANCE>76AVE DE LA REPUBLIQUE. JOHANNESBURG, SOUTH AFRICA>2427 MERCANTILE BLO'G VANCOUVER, B.C- CARRAL& ALEXANDER STS. 
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The Packing That Defies 






Successful Imitation— 


JENKINS ’96 









Jenkins ’96 is an unvulcanized sheet rubber packing, having many valuable 
characteristics which make it the ideal joint packing. It is soft enough to fill 






up any roughness or uneveness of the surfaces, and so strong that it does not 
blow or squeeze out when pressure is turned on. Wonderful durability is its 
cardinal feature. 









Only the pressure necessary to bolt the surfaces together and the temperature 
of the steam are needed to vulcanize the packing, and form a joint as perfect 
as though ground in. 








Very little time and labor are required in applying Jenkins ’96, and a joint once 
properly made requires no further attention. Absolute satisfaction is guaran- 
teed, or money will be refunded. Ask for our Pocket Catalog. 


JENKINS BROS., 


71 John Street, New York. 
133 No. 7th St., Philadelphia. 226-228 Lake St., Chicago. 
35 High St., Boston. 95 Queen Victoria St., London. 
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COBB’S PISTON AND 
VALVE ROD PACKING 


IS AN ENLIGHTENMENT TO THE 













BY USING 


COBBS PACKING, 
ENGINEERS ENJOY 
FREEDOM FROM WORRY 
OWING TO THE SUPERIOR 
CONSTRUCTION OF SAME. 
AND THE EXCELLENT, QUALITY 
OF THE MATERIALS EMPLOYED. . 





= 
ee et 
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MANUFACTURED EXCLUSIVELY BY THE Bt “il “— 
NEW YORK |= | 
BELTING le 


AND 


PACKING CO itp. 


91-93 CHAMBERS STREET. 
NEW YORK. 


BRANCH STORES 

CHICAGO, ISO LAKE ST. ST.LOUIS, 218-220 CHESTNUT ST. 

PHILADELPHIA, |I8-120 N.S TH ST. BOSTON,232 SUMMER'ST. 

SAN FRANCISCO, ( OAKLAND) EAST 11 THST.& 3RD AVE. 

INDIANAPOLIS,229 S.MERIDIAN ST. BALTIMORE, 1I4 W. BALTIMORE ST, 
BUFFALO, 600 PRUDENTIAL BUILDING 
PITTSBURGH,913-915 LIBERTY AVE. 
SPOKANE,WASH. 163 S. LINCOLN ST. 

LONDON. E.C.,ENGLAND,58 HOLBORN VIADUCT 
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SAYEN-REED ASBESTOS PACKING 


Specially Adapted for High Pressure and Super-heated Steam—The fabric 
is woven from strands made of brass wire and asbestos. Rubber is then 
forced in the interstices and vulcanized. The result is a remarkably 
strong, flexible and durable packing which no pressure will blow out. 


Write for Free Sample 


This packing is better than others—far better—and, better still, is lower 
priced. We will gladly send samples FREE upon request. 


MERCER RUBBER COMPANY 
HAMILTON SQUARE NEW JERSEY 


es BRANCH OFFICES—Phila‘elphia, New York, Pittsburg, Denver, 610 Exchange 
SAYEN-REED Bldg., and Chicago, 40 Dearbern St. 











VIBRATING STUFFING BOX a6 Ss & F - T Y 33 


Grounc 3 Ground 


BaliJoint PLASTIC 


Metallic Packing 


FOR STEAM, WATER, AIR, GAS, 
HYDRAULIC MACHINES, VALVES, ETC. 


Guaranteed to stand Steam Temperature up to 550 degrees F. 
and Hydraulic Pressure to 5,000 Ibs, 





per square inch, 
Send for 
**It Floats with the Rod”’ 


HIGHEST AWARD WORLD’S FAIR, ST. LOUIS. Free Sample and Particulars 
Manufactured Solely by STEEL MILL PACKING COMPANY, Detroit, Mich., U. S. A. 








"A STEAM PACKING THAT IS A STEAM PACKING. 


TRADE MARK. REG, IN U.S. PAT. OFF. 


All Coods Stumped with the VANDA TRADE-MARK will fulfill the claims wo make for them. 


VANDA SHEET PACKING 


THIS PACKING [S THE PIONEER OF ALL COMPOSITION PACKINGS, 
AND {MITATORS ARE APPEARING IN GREAT NUMBERS. WE THERE- 


FORE, WOULO ESPECIALLY CALL YOUR ATTENTION TO OUR 


-TRADE-MARK DEVICE STAMPED ON EVERY SHEET 


GOODS MADE IN SHEETS ONLY OF 4%'x 4); AND 4';'x S', IN ALL THICKNESSES 


THE Vanna Company, 96 Spring Street, N. Y. 
H. W. JOHNS-MANVILLE CO., co-pistriautors 
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BELMONT HYDRAULIC 


Can You See Its 
Advantages 


a) 


Braided flax in the center, surrounded on three sides by a 
casing of cotton duck and rubber in alternate layers, the 
whole treated with our special lubricating compound and 
stitched through and through¢rosswise. Jt cannot come 
apart. ; 

It retains its original condition as long as it lasts, and it 


lasts longer than any other packing you ever tried. 


Made in rings to fit rods and boxes—# grips just tight 
enough to make things right no matter what the pressure 
may be. 


FREE ! 


Send for a sample ring and be convinced. 








Philadelphia, Pa. 


Gentlemen:— 
Send mea sample ring of Belmont Hydraulic Packing 


Name 4 
DRI cca ad Geakenceaehae Seka aeyeumie Rekma ee aan 


NE Ti IIR onic ib iees wakes FebeReKeneneeaceeues 
NE EE Bo 6s 000105 6s 008 cen sanabonwenssousensaneacs 
Number of Boilers 

High or Low Pressure 


De GE TR ive ons snrscennbdecucsemseessinceiens : 
Power, 6-30'08_ : 


CLEMENT RESTEIN Co. 


133 North Second Street 
PHILADELPHIA, PA. 




















, Fo line of high quality packings 


includes, in addition to EUREKA 
GUM CORE, Eureka Cut Ring, 
High Pressure, Water Proof and Red Sheet. 
Ask your dealer for Genuine Eureka. 


























Eureka Cut Ring 


AND IN SPIRAL FORM 


though it costs much less, is 
guaranteed equal to any ring 
packing on the market. 


Eureka High Pressure 


IN COILS AND RINGS 


is as nearly indestructible as 
can be made. High pressure 
and heat do not affect it. 


Eureka Water Proof 


IN COILS AND RINGS 


A superior hydraulic packing 
that is impervious to cold water 
and extremely durable. 


Eureka Red Sheet 


specially intended for steam, gas 
and ammonia. Makes a tight 
joint under all conditions. 


Our Prices and Delivery 
will interest you. 
Write for them. 


Eureka Packing Company, 


JAS. L. ROBERTSON, President, 


46 WARREN STREET, NEW YORK. 


hs 
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WHAT IF THE FLANGE 
IS IRREGULAR 


Goetze’s Elastic Copper Gaskets 
will conform to the uneven sur- 
faces and hold them tight. They 
can be used over and over, and 
are guaranteed to stand all pres- 
sures, changes of temperature and 
superheated steam. When once 
in place, they’re in to stay. Try 
a free sample and be convinced. 
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METALLIC ENGINE PACKING 


is the packing that quickly makes 
engineers forget their former 
troubles. It is self-lubricating, 
and can be used any number of 
times. Not a shaving need be 
wasted. It’s ideal for stuffing- 
boxes. Circulars ? 


AMERICAN GOETZE GASKET 
AND PACKING CO., 


525 East 149th St., NEW YORK 








HONESTY’S THE POLICY THAT 
MAKES JOHNSON PACKINGS BEST 


Honest material made into packing by skilled workmen makes a product that 
cannot be surpassed by any mysterious process. If you want packing 
satisfaction, give JOHNSON PACKINGS an honest trial. CATALUG ? 


THE HENRY JOHNSON COMPANY, 
175-187 GATES AVENUE, JERSEY CITY, N. J. 














Mineral Woot Pipe Covering and 
@ Copper Gaskets sean 


and Make Absolutely Tight 
\ Joints. Best and Cheapest. 
N\ Samples Free. 


United States Mineral Wool Co. 
140 Cedar Street, New York 








PROFITABLE PACKINGS 


Selden’s Patent and Zena Packings are honestly 
made from pure honest materials. They are tough, 
pliable, elastic and wear- 
resisting to the extreme. 
Moderately used, they go a 
. great way. Put up in neat 
cardboard boxes. 


ZENA 


Randolph Brandt, 72 Cortlandt St., New York. 





Samples Free. 














This engineer has never wed, because most every night 

In years gone past he had to work to keep bis engi: e tight,— 

Not long ago our friend got wise and bought Black Squadron Packing 
And now, well say, just look who's here, and listen to the smacking. 


STUFFING BOXES STAY PACKED 


when Black Squadron is used. Saves many an hour of needless labor in the course 


of a month. 

is the fact that rods and stems are never cut or scored by Black Squadron Packing. 
That’s because the sliding wedge design enables the packing to hug the rod closely 
with very moderate gland pressure, and beceuse Black Squadron is made from the 
best obtainable material, so that carbonizing is impossible. Write for our free Catalog. 


CANCOS MANUFACTURING CO., Philadelphia, Pa. 


10 Oliver S¢., Boston, Mase, 120 Liberty St , New York City, N. Y. 
525 Third Ave., Pittsburg, Pa, 805 Piowman St., Baltimore, Md. 
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In The Bearing 


Dixon’s Flake Graphite reduces 
friction by supplying the 
‘positive principle’’ in lubri- 
cation impossible with oil or 
It fills up all 
depressions and brings the 


grease alone. 


surfaces as near as_ possible 
to a state of perfect smooth- 
ness, thereby preventing 
cutting and seizing. 


DIXON’S 


Flake 
Graphite 


In The Cylinder 


Dixon’s Flake Graphite pre- 
vents cutting and scoring, 
lengthens life of piston packing 
and assures smooth valve 
motion and uniform steam 
distribution. 

Let us send you a free sample 
can, No. 94-C. It will show 
you a sure way to save. 


JOS. DIXON CRUCIBLE CO., 


Jersey City, N. J. 














Ever See Any Metallic 
Packing Like This Before? It’s 


TRADE MARK 


The new packing composed of long pliable 
filaments of non-friction metal treated with 
our mineral lubricating compound. 


The parts next the moving rod or stem 
quickly acquire a glazed surface, wonderfully 
smooth and slippery, while the outer parts re- 
tain their original fibrous condition. 

It withstands the highest temperature of 
super-heated steam; and is unaffected by acid, 
water or ammonia. 

It can’t be blown out or sucked in, no matter 
what the speed or pressure: and, since its 
volume never changes, a rod once packed 
stays packed. 

It contains no animal or vegetable material 
whatever, consequently cannot carbonize and 
cut the rod. 


——FREE—— 


If you want a sample fill in and send to us the coupon below: 





Canfield Manufacturing Co., Phila., Pa. 


Gentlemen :— Kindly send me free, a sample of Ambest 
Metallic Packing. 


Address 
Number and Total H. P. of Engines ...............--sseeeeeeenee 





Canfield Manufacturing Co., Ltd. 
Philadelphia, Pa. 
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The “Philadelphia” 
Grease Cup 


Automatic application of 
grease to the bearing 
without the use of spring 
compression. : : ?: : 


Nature Supplies the 
Feeding Force in the 
Form of Compressed 
nee 2 tt $3 8 





Grease 


With many thousands of the “Philadelphia” 
Cups in successful operation, on machinery of almost every 
description, we offer a system of lubrication which, for sim- 
plicity, cleanliness, economy, reliability and efficiency has 
no equal. 

The “ Philadelphia“ Cup is not merely “as good as any 
other: IT IS THE BEST, and we are prepared to prove 
our claim for actual superiority. There are more reasons for 
its practical success than we have room to mention here. 


Write for catalogue and full information 


The Philadelphia 


Lubricator & Manufacturing Co. 
The Bourse (Exnibition Dept.), Philadelphia, Pa. 








‘‘An ounce of caution is worth a pound of cure.” 





Each feed of a ‘d 


IMPROVED 


ROCHESTER 


AUTOMATIC LUBRICATOR 


is provided with two sets of ball valves, besides an extra ball 


LATEST 


valve at the top of each stand pipe. If, percnance, a bit of 
foreign matter clogs up one valve, the second valve will keep 
on working and 8) pump this obstruction away. 

Of cour-e, we provide strainers with each lubricator, but 
remember the adage above. 


The name “ROCHESTER” is equivalent to Positive Lubri- 
cation. 


GREENE, TWEED & CO. 


109 Duane Street, New York 








Engine Oijiling In The 


Sy Tn ee — 





Modern Power Plant 


Down in what most people regard as the wildest 
part of south central West Virginia, in the territory 
from which some of our finest smokeless fuels are 
secured, is the McKell Coal & Coke Co., Glen Jean, 
W. Va., Operating collieries scattered at convenient 
points over a tract of several thousand acres. Elec- 
tric power for operating these numerous scattered 
mines is supplied by an alternating current system 
of distribution from a central power plant. High- 
tension alternating current is transmitted from the 
central station to scattered substations, where it is 
transformed and converted into low-tension contin- 
uous current for use at the adjacent mines. 

The illustration shows the first 500-k.w. alter- 
nating current generating unit in the power house, 
which provides space for installation of a duplicate 





unit. At the left may be seen the Duplex Type White Star Oil Filter and circulating pump of the White Star Con- 
tinuous Oiling System here in use for lubricating all the engine bearings. Overhead, out of sight among the roof trusses, 
is a reservoir from which the oil is piped to feeds fitted to all the bearings on the engine. All oily drips from the 
various bearings are drained to a tank beneath the engine room floor, from which they are lifted automatically to 
the White Star filter on the engine room floor. After being thoroughly cleaned in the filter, the oil is pumped back 
to the overhead reservoir, ready for use again. Thus there is a constant stream of oil fed to all bearings, amounting 
in this case to a circulation of about 200 gallons per day. The reservoir is so arranged that any excess pumped to 
it would be returned through automatic valves to the filter. 

By use of the White Star continuous oiling system the bearings are all supplied with a copious flood of oil, 
affording that generous supply which is known to be necessary to perfect lubrication, yet absolutely without waste, 
since not a drop of oil can escape from the system, except as it is actually worn out in the bearings. 

We are prepared to equip power plants of any size contracting to furnish the necessary apparatus or erecting such 
outfits complete. Our catalog “D” treats fully on this subject. Send _ for it. 


Pittsburgh Gage @ Supply Co., ‘Piteborgh. Pa. 
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The Thompso 


Improved 
Continuous 
Card 


Indicator 


The Most Modern, 
Useful and Practical 
Indicator on the Market. 


This indicator shows 
not only the condition 
at a specific moment, Ris 
but for a time suff- 7/4 
ciently long to deter- | 
mine the true condition 
by the average show- 
ing. For engines in 
traction power stations 
and rolling mills, or 
wherever the load con- 
stantly varies, the continuous card diagram is of utmost 
value, and you will appreciate it when you know that 
from 50 to 100 indications can be taken without re- 
moval ofthe paper. Write for new catalog. 


The Schaeffer 2 Budenburg Mfg. Co., 


Foxboro, Mass. 
23 Dey St., New York. 15 W. Lake St., Chicago, 














TRILL’S FAULTLESS 
REDUCING WHEEL 


is light, strong and guarantees an accurate 
card always. It is easy to attach and works 
on higher speeds than any other. Sent on 
trial. Write for full particulars. 


Trill Indicator Co., 
Eagle St., Corry, Pa. 











There Can be no Failure GZ 


with a 


Genuine ‘‘DETROIT’’ 
Lubricator 































and secure better lubrica- 
tion by using the Manzel 
Oil Pump. It is regulated 
by the engine’s need and 
accounts for every drop. 
Sent ona 30 days’ free 
trial. 


Manzel Bros. Co, 
326 Babcock Street, 


“@UFFALO, N. Y. 


ENGLISH AGENTS—Reming- 
ton Bros., Carlisie, England 








Make Your 
Envelop Fatter 


The Engineer who wants more 
money in his envelop can get it 
if he makes himself worth it—and 
about the quickest, surest way is 
to be certain that the engine is 
running just right — always. 





The Robertson- 
_ Thompson 


Indicator 
AND 


Victor Reducing Wheel 


furnish the information required 
to make the engine do its best. 
They make an _ outfit whose 
principle and construction are 
correct, and whose accuracy is 
never in doubt. . 

Price one-third less than others ; 
sold on easy terms if desired. 


Jas. L. Robertson & Sons, 
46 Warren St., New York. 
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The Day of Independence 
for the Engineer 


Comes with The Liberty 


Twin Strainer 


can be thoroughly cleaned 
while in operation. It may 
be attached to either the 
pressure or suction line. 


The Liberty 
Turbine Cleaners 


remove all the scale, however 
thick, and leave all of the tube. A Liberty Cleaner will 
‘clean two tubes while any other is cleaning one. 


And The Liberty Oil Purifier 


is an oil refiner which differs radically 

from the ordinary filter and washer. 

It operates without water, bone dust or 
charcoal. 


Liberty 
Devices 


Ask for the 
Liberty Catalog 


Liberty Manufacturing Co. 


6509 Susquehanna Street 





Pittsburg, Pennsylvania 
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IN THE 


“SWARTWOUT” 


CASTon Exhaust Head 


The helix presents no per- 
ceptible resistance to the 
flow of steam, but gives it 
a vigorous whirling motion. 
Under the action of centrif- 
ugal force the water in the 
steam is thrown violently 
outward, proportionally to 
its weight, which is 1600 
times greater than that of 
exhaust steam. Positive 
separation is the unfailing 
result. 


The Ohio Blower Co., 


CLEVELAND, OHIO. 
STANDARD ENGINEERING CO., Toronto, Ont. 


Exclusive Licensees and Manufacturers 
for Dominion of Canada 1-2 























Sreonvey your GOAL fecrtoricsthan ONE CENT A TON 
in quaptities of ONE TON A MINUTE or more. 
Catalog Free. 
THE C. 0. BARTLETT & SNOW COMPANY, 
Cleveland, Ohio. 





























Stephenson 


Bar Belt Dressing 
Make ‘the wheels go ’round ”’ 
Best for the money and best 

for you. 
We have a FREE Sample 
for you to prove it. 


This is the day to write us 
for it. 


RED LABEL FOR LEATHER BELTS. 
GREEN LABEL FOR CANVAS OR RUBBER BBLTS. 


Oj Dealers everywhere or 


Stephenson Mfg. Co., Albany,N. Y. 


Agents for England, J. B. Stone & Co., Finsbury Pavement, London 












THE ONLY METAL POLISH 


that works quick and easy and keeps its lustre. 
Holds old trade and makes new. IT DOES NOT 
DETERIORATE. Established 16 years, 

3-Ounce Box for 10cts. 5-Pound Pails, $1.00 
Sold by Agents and Dealers all over the world, 
Ask or write for Free samples. Highest Award, 

Chicago, '93; St. Louis, '04. 
GEO. W. HOFFMAN, Expert Polish Maker, 


295 KE. Washington St., INDIANAPOLIS, IND. 
Branches—New York, Chicago, 8an Fraacisco, 











A Water Tube Cleaner Which Must Get All the Scale 


Here is the front half of “DEMON” cleaner. Notice that its cutters are not thrown 
out by Centrifagal action but are held fixedly to the full size of tube. 

Every tube must be cleaned perfectly. Don’t fail to write for circular No 54, ‘Demon 
Cleaners vs Other Cleaners.” Circular No. 56 describes the curved tube “DEMON,” 
Folder No. 30 tells about the “TORPEDO” fire tube cleaner. 


THE GENERAL SPECIALTY C0., 887 Niagara St., BUFFALO, N. Y. 














AKRON CLUTCHES 
DON’T Is it good policy to burn 


up money generating 
WASTE power and then not 
use it so as to get the 
POWER full bevefit? A good 
clutch will save its 
cost mapy times 
overina year, The AKRON 
CLUTCH has been proved re- 
liable and durable under the 
most severe duty and highest 
speeds. Made in all powers 
and for allspeeds. Bulletin D, which 
tells more about it, sent for the asking. 


The Williams Foundry & Machine Co. 
Akron, Ohio 
Successors to the Akron Clutch Co. 





















SPECIAL 
FEATURES 


Noiseless— No back pressure- 
Permanently tight joints — No 
baffle plates, hoods or deflectors. 


fie 


The Gardner Exhaust Head im- 
parts a whirling motion to the 
steam which removes all oil and 
condensation.—W rite! 





The Gardner Governor @ Separator Co. 
Quincy, Illinois. 
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Robins Laminated Leather Belting 
Eliminates The Glue Pot 


SOLVES THE BELT PROBLEM. 
The Scientific Principle: The Positive Result: 


Continuous strands are spirally cut from the A continuous b:lt without laps, plies or cement. 
choicest leath r lovations «f tue belting butt to Absolute uniformity of strength, gauge, balunce 


exact mechanical gauge. The strands are then . 
separately stretched to the «xtreme elastic limit and flexibil.ty. Complete adjustment to va-ying 


imum of surface 
led on edge forming a belt «f an pulley conditions with the max 

Seinen tomaae Gaon or eile, Made pave and circumfer ntial contact. Remarkable power 
less On pulleys with a simple interlocking splice. transmission and highest productive efficiency. 


. - } Write for Circular No. 2 giving detailed description. 
shal ane ma ROBINS NEW CONVEYOR COMPANY 
ate Prmghaigy NEW YORK, FACTORY, CHICAGO, 
38 Wall Street. 168 Duane Street, N. Y. Old Colony Building. 











POWER WATER PROOF GEM BELT 
BELTING Not affected by water, steam, oil or gas. 


ale BE ARINGS A demonstrated success. 


Small samples for test and full informa- 


It will pay to use SHULTZ SABLE BELTS. They transmit from tion to those interested by inquiring of 
one-fourth to one-third more power, cost nothing for wasted power, 
time or repairs. Wecan show you SABLE belts that have worked 


_— = mon day out for more than a quarter of a century, ; JEWELL BELTING COMPANY 


Send for a SABLE belt 60 days’ free and if it doesn’t ‘‘make good” 
send it back at our expense. Write for our Belt Book. 





Main Office and Belt Factory: 


SHULTZ BELTING Co., HARTFORD, CONN. 


° MO. 
NEW YORK _ ‘loae - ” PHILADELPHIA Branches: NEWYORK PHILADELPHIA CHICAGO 
24 A 




















VIENNOT- PHILA 


THE PERFECT BELT DRESSING 


Drives out the old dope from belts that are sticky and heavy with many years of old fashioned dosings. It forces such 
stuffentirely out of the leather leaving it Soft and Tough so that the belt clings closely to the pulleys. So closely that 
air is absolutely excluded, and slipping made almost impossible. New Life is given to old belts, and better service 
derived from new belts when treated with OXomOX. 


A FREE SAMPLE 





















F. S. WALTON & CO., Philadelphia. 


Gentlemen:—Kindly send us, free of charge, a sample can of OXomOX, the Perfect Belt Dressing. 
meme. 4 a ss se ae ae SL ae a ae Sere ere eect a eee ee ee 
eS eee Number of Belts. . .... . . Average Size* * .. 4.0. 
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The Desmond Automatic Injector } | oF 
The Acme Of t Simplicity 


As far superior to 
the old style compli- 
cated Injectors as 
modern machinery is 
to that of a Genera- 








tion ago. A 
Every aa fully utomatic || 
t 
© gunned accep Injector ;| 
stitute. Insist upon 


the DESMOND. 
‘ Write for Catalog. 


The Desmond-Stephan Mfg. Company, 
Urbana, Ohio. 








ee 





The Drip Cock of the U. S. ] 
Automatic prevents freezing; pre- 
vents overheating of suction pipe; 
prevents jet “‘liming up’’ when 
steam or check valve leaks; prevents 
destruction of hose on traction engines 
by heat from hot water, and has 
many other exclusive advantages 





SAGINAW MANUFACTURING CO., 
a 


=CW GILBERT WOOD SPLIT PULLEYS. 


New York Branch, 88 Warren Street. 
Chicago Branch, 32 South Canal Street. 
Sales Agencies in all principal cities. 
Oable Address, “Engrave” A. B.C. and Lieber’s Code. 














fully explained in our 


Engineer’s Red Book 


sent free on request. 





‘a < | NOTE OUR PAGE AD. IN 
RHOADS iy| FIRST ISSUE OF EACH MONTH | 


‘LEATHER {je 2) pg 
BELTING y PHILADELPHIA 


AMERICAN INJECTOR CO. 
Detroit, Mich., U.S.A. 


12 N. THIRD ST. 
HAMBLET Sis STU ae AER 


Chicago Automatic Injectors 


Prove their Quality in Actual Operation 














No boiler feeding troubles when you have a 
powerful Injector that is built for service. 


The Chicago Guarantees a Full Boiler when you want it 





It is positive in its work and has nothing to 
get out of order. Built unusually strong. 


THE BEST PROTECTION FOR BOTH BOILER AND ENGINEER 


You cannot afford to be without it. It makes the power plant complete. 


Chicago 
Autoinatic 
Injector 























THE CHICAGO EJECTOR, a powerful little instrument for elevating, forcing and con- 
veying liquids. Does marvelous work with but little steam. 


Write for description and catalog of 
both the Chicago Injector and Ejector. 


THE OHIO INJECTOR COMPANY, 


The World’s Greatest Injector Manufacturers. 


WADSWORTH 110 Main Street OHIO, U. Ss. A. Chicago Ejector 
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The Morehead Steam Trap Tilts 


Morehead Non-Return Steam Trap operates under the law of gravity. When sufficient water enters, the 
trap automatically tilts downward. You can see i work. All working parts are on the outside. No 


complicated interior arrangements to bother with. Catalog ? 
Morehead Manufacturing Co., 1051 Grand River Avenue, Detroit, Michigan. 








ALWAYS INSIST ON 
THE ‘‘ANDERSON” 


Improved Steam Trap and 
thereby avoid all steam trap 


troubles. 


The “Anderson” is positive 
in action, discharges the con- 
densation without loss of steam 
and always locks with at least 
3” of water. 
describes it fully. Secure a 


copy NOW. 


Our “Trap Book” 





WE DO THIS 


TO DRAW ATTENTION TO THE GEIPEL 
STEAM TRAP. 





Made in Seven Sizes for All Classes of Service. 
Descriptive Circulars on Request. 


THE V. D. ANDERSON COMPANY, JOHN PLATT & COMPANY 


1935 West 96th Street, 


CLEVELAND, OHIO. 97 Cedar Street NEW YORK 











“SIROCCO” BLOWERS 
Save Power, Space, Weight 


Send for Bulletin describing the original turbine blower. 


SIROCCO ENGINEERING CO., 


TRADE MARE 


138 Cedar Street, New York. 


Our Feed Water Filter 


will keep oil out of your boiler. 
We can interest you if you 
use a Condenser. 


ROSS VALVE COMPANY, Troy,N.Y. 

























712 South Geddes Street 


DON’T 
buy a steam or oil separator with- 
out sending for catalog describing 


SWEET’S 


deliver steam 99.8 dry; takes out 
all the oil, that is 99%. 


DIRECT SEPARATOR COMPANY 


SYRACUSE, N. Y. 


BAUM 
SEPARATORS 


ARE BEST for Live 
and Exhaust Steam. 


Positively Guaranteed. 


“I take pleasure in stating that this 
department has used the Baum Separators 
fora considerable time, and has found 





and then read and think about it AGA ab Z them to be all you claim for them and are 

: i ge , "ATO satisfactory in every respect.” —The 

and you'll order one: 6000 in use; Superintendent of Public Buildings, 
Albany, N.Y. 


Send for new Catalogue and prices, 


Hershey Machine 2 Foundry Co. 
85 Water Street ey | wie 
Boston, Mass. U.S.A 


W. G. Ruggles Co., 54 High St., Sesten Mass, 
R. D. Bliss, 40 Dearborn St., Chicago, Il. 




















These samples from a well-known New England plant show how a 


BLACKB URN-SMITH FEED-WATER 
FILTER AND GREASE EXTRACTOR 


turns dirty water or condensed exhaust into good boiler feed. 

The first sample contains traces of oil, rust, and other dirt from 
the heating system. The second, which is as clear as crystal, was 
taken after running the feed through our 2-in. filter at boiler pres- 
sure of 100 lbs. and temperature of 225° F. 

It pays to save and filter the condensation. You don’t have to 
buy as much water, you keep scale-forming matter out and you re- 
duce repair and coal bills by putting into the boiler pure hot water 
which would otherwise go to waste. Write for treatise, ‘Feed Water 
Filtration.” 

JAMES BEGGS @-CO., 106 Liberty St., New York 


16 
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Our Guarantee 
Satisfaction Sign 


JUST A WREATH 


ON ANOTHER ENGINEER’S HOME 
WHY! 


Engine was running condensing and water accumulated in the vacuum line—NUF SED. 


Why endanger life and property when a Winter’s Vacuum Trap will 
forever eliminate this danger by removing the condensation from the condenser 
line also from the so DRY VACUUM receivers on com- 
pound engines, etc.? tf 

Our Vacuum a b Trap is very sim- 
ple. There are no — ies | stuffing-boxes, tran- 
nions, or parts to ! MY get out of order or 


cause trouble. 


It is automatic «wig ia ¢ in every respect and 
requires no steam cies T o to operate its mech- 
anism for atmos- | —F pheric discharging. 


We would like to send you our Vacuum Trap circular No. 106, also 
our steam specialty catalog ‘‘A’’ (worth having). Shall we? 


THE STRONG, GARLISLE & HAMMOND CO. 


342 Frankfort Ave., CLEVELAND, OHIO. 


88 Broad St. 255 Centre St. 54 No. Gth St. 
Boston. New York. Philadelphia. 
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McDANIEL 
STEAM 
TRAPS 


are especially adapted for draining 
steam separators and high pressure 
mains. Also goodfor steam heating. All working parts are 
attached to the bonnet, cnd are removable with it. Valve 
outlets are large, to give rapid d.scharges of condensation. 


Watson Steam 
Pump Governor 


should be used on all steam pumps where 
a fixed discharge pres-ure is Ccesired. 

The construction permits of easy access 
to the stuffing box for removing packing, 
and the spring can be adjusted or entirely 
removed without interfering with any 
other part of the valve. Any practical 
man will readily see its advantages. 

All our goods are made in our own 
factory and tested before shipping. We 
guarantee them to give perfect satisfac- 
tion, Established 1878. 


Send for Catalogue. 


Watson @ McDaniel Co., 


148 North 7th Street, Philadelphia, Pa. 











wre mp were POLIO: 


A TRIED AND 
TRUSTED TRAP 


That’s the “RELIANCE.”’ 


It’s never trapped into failing to operate 
at the right time. It has fewer and sim- 
pler parts than any other trap and 
handles more water, size for size. The 
float is guaranteed for one year to neither 
fill nor collapse. 


Other superior features too numerous to 
mention here. Write for Circular. 


THE RELIANCE GAUGE COLUMN 
COMPANY, 
75 E. PROSPECT ST., CLEVELAND, OHIO. 











Kitts Specialties 
FOR POWER USERS 


PUMP GOVERNORS 

REDUCING VALVES 

STEAM TRAPS 

SAFETY FEED WATER ‘ 
REGULATORS 

FAN ENGINE REGULATORS 

LOW WATER ALARMS 

SAFETY WATER COLUMNS 

DAMPER REGULATORS 

LOW PRESSURE BOILER 
FEEDERS 

VACUUM PRESSURE REDUC- 
ING VALVES 











CATALOG? 


Kitts Manufacturing Co., 
Oswego, N. Y. 














Nason [lanufacturing Company’s 


STEAM TRAPS 








SPECIFY : 
Class B for preseures THE TRAP 
a ee 20 lbs. a im THAT ALWAYS 
r pr re j 
“S00 to 1 lbs. “FILLS THE 
‘Sidelue” for pres- BILL’? 





sures 40 to 150 lbs. 








roa 


Nason Manufacturing Company’s 


“Immersed Valve” Boiler Feeder 
FOR LOW PRESSURE STEAM BOILERS 


As a safeguard against the destruction of boilers through careless 
handling they are a necessary adjunct. Special Catalog. 





NASON MANUFACTURING COMPANY 


71 FULTON STREET, NEW YORK 
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LUNKENHEIMER WEDGE DISC GATE VALVES 


‘7 ; > REQ ~D BY THE UNITED 
d : They are DOUBLE SEATED and will therefore take pressure from either | 
; The DISCS and-SEATS and all other parts subjected to wear ( AN EASII a 
# RENEWED. — Stuffing-boxes can be. packed under pressure; the workmanship cannot be excell: 
Etre the valves have full area and are absolutely tight. Made with Outside Screw and Yoke o 
| tionary Stem; Medium Pattern for working pressures up to 200 pounds and Extra Hea\ 


vy Patt 
| 300 pounds working pressures. Our catalog will tell you more about them. _ It’s free, write for a 


r Sta- 








te 
; el : 
& 











The © tkenhenaiae Company 
Largest Manufacturers of High Grade Engineering Specialties in the World 


General Offices and Works, Cincinnati, @) iter ia A. 


Branches: New Y ork, 66- 68 ulton < St.: London, S. E., 35 Great Dover St. Chicago, Lake: and Dearborn Sts. 
_ es idaehtle ros aia 4 499 
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The Lagonda Automatic Cut-Off Valve 
DOES Protect. Here is the Evidence. 


The instant that the steam flow lessens 
or increases abnormally, the Lagonda Cut- 
Off Valve gets busy. If you doubt that it 
shuts off the boilers when a break occurs in 
the mains, or prevents return to a boiler in 
which a tube splits, crown sheet gives way, 
etc., just study these tests on a valve which 
has been in service four years: 

A 300 H. P. Sterling Boiler (150 Ibs. pressure) at the Ana- 
conda Mines, Anaconda, Mont., was equipped with quick acting 


stop valves on both boiler and main sides of the Automatic 
Valve. (See Diagram.) 








TEST I. EFFECT OF A BURSTING MAIN. Valve D was 
suddenly opened under full pressure. Water rose rapidly in 
the glass, but the Lagonda Automatic Valve closed tight before 
the level went up two inches. 

TEST If. EFFECT OF BOILER GIVING WAY. Valve C 
was suddenly opened. The Lagonda Valve closed promptly and 
thus shut off the boiler. 


Fifty-four similar tests gave prompt 
and perfect valve action every time. 


TEST III. SENSITIVENESS. Steel diaphragms with 154” 
and 14%” openings were alternately placed in the main (see 
diagram) and the Lagonda Valve set for a flow corresponding 
to 600 boiler H. P. With the larger opening, the valve closed 
promptly, but with the smaller, the valve remained open, thus 
proving that it is equally as sensitive to a small leak as to 
a large one. 


RESULT. The Anaconda people 


Ba. | | have purchased sixteen more 
arn Lagonda Valves. 


Lagonda Automatic Cut-Off Valves may far more than pay for themselves in 
one accident and often facilitate repairs. | They may be installed without changing 
the piping. 


Write for Cut-Off Valve Bulletin or let us send a Valve for free trial. 


Have you seen the NEW WING ARM HEAD used on 
Weinland Turbine Cleaners? 


THE LAGONDA MFG. CO., — Springfield, Ohio. 


Makers of Weinland Boiler Tube Cleaners and 
Lagonda Reseating Machines and Tube Cutters. 


New York Philadelphia Pittsburg Chicago San Francisco Birmingham Toledo 
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Schutte Automatic 


EMERGENCY 
STOP CHECK 
VALVES — 


































are placed on the outlet of a_ boiler, 
and in the event of a break in the 
steam line beyond the boilers, may 
be instantly closed from a distance, by 
relieving the pressure, under an en- 
larged piston ‘‘O”’ in cylinder ‘‘N.”’ 

The closing may be effected auto- 
matically by a pilot valve, or may be 
operated by hand by opening a valve 
in pipe line attached to outlet ‘‘P.”’ 
This hand operating valve, or any num- 
ber of them, can be placed at convenient 
locations. 


Further particulars on request. 





Write for Catalog 8-B. 


These valves 
are made of 
cast iron, air 
furnace iron 
or open 
hearth steel, 
and are fitted 
for saturated 
or superheat- 
ed steam as 
required. 































































































SCHUTTE @® HOERTING COMPANY 


NEW YORK, 50 Church St. TOmpson and 12th Sts. PITTSBURG, Keenan Bldg. 


BOSTON, 43 High St. PHILADELPHIA CHICAGO, Security Bldg, 










vs 
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YOU’RE SAFE—When You Buy Williams Valves 


You’ve run across valves on which the thread on the stem 
was small, poorly fitted and soon wore out, haven’t you ? 
You do not want that kind—they’re money-losing. 


WILLIAMS 


are the valves to buy. Threads on stems and in hubs are 

made especially long, and are so arranged that when the 

valve is closed and sustaining the greatest strain, both 

threads have contact over their entire length. This 

avoids danger of ‘‘stripped’’ threads—prolongs life of stems. 
Write us or your dealer. 





The Williams Blue Book should be in the hands of every wide-awake power user It’s worth 
having. It contains nearly 200 pages, with 500 handsome illustrations showing onr complete liae, 
and is full of valuable tables, data and useful, engine room recipes. Just off the press. New, fresh 


and interesting. We want youto have a copy. A postal with your full address brings it in the next 
mail. Don't delay. Write to-day. 


THE D. T. WILLIAMS VALVE COMPANY 


CINCINNATI, OHIO, U. S. A. 






































Davis Valve Specialties 
Will Prove Their Value To You 


BEING SOLD STRICTLY ON THEIR MERITS, they must make 
good or be rejected. There is no chance of your being forced to pay 
for an inefficient device, for every Specialty that goes out of our factory 
is on approval. ‘Then we leave you to judge by actual service test 
whether the GOOD VALUE reputation of DAVIS VALVES is true or 
false. Your interests are protected and we can only hope to secure your 
business by the unquestionable merit of our goods. 
Boiler Stop and Check Valve 


We make Pressure Reducing Valves, Exhaust Relief Valves, 
Boiler Stop and Check Valves, Back Pressure Valves, 


Float Valves, 


Steam Traps and other Power Plant Specialties, which are fully 
described in our New 1908 General Catalogue, just issued. Send 
fr a copy now, and select the device you wish to have sent on 
approval for test in your plant, 


Jobbers Everywhere Sell Davis Valves 


G. M. Davis Regulator Company 


143 Milwaukee Avenue, CHICAGO. 


NEW YORK—123 Liberty St. BOSTON—104 High St. ST. LOUIS— 
435 S. 4th St. SAN FRANCISUCO—216 California St. PHILADEL- 


Horizontal Exhaust Relief Valve PHIA—56 N, 2nd St. PITISBURGH—1206 Park Building. Noiseless Back Pressure Valve 
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PITTSBURGH || «Ff vou ARE INTERESTED 
IN POWER PLANT EQUIPMENT 
BRASS GATE}) vou WILL BE INTERESTED IN 


VALVES 





are made of highest PITTSBURGH 
grade steam metal. 
They are designed 
for 150 pounds BRASS 
working pressure of 
steam, water or air. GLOBE 
They are made with 
a patent elliptical 
nut lock, which pre- VALVES 
vents packing nut 
| from turning when THEY are made as nearly perfect as the best 
the valve i 1S opened. skilled mechanics and newest approved 
PITTSBURGH BRASS GATE VALVES ee ee 
are finished by the most modern THEY ARE MADE OF HIGHEST GRADE STEAM 
and approved machinery and are METAL and ARE UNCONDITIONALLY GUARANTEED. 
ditionall teed. 
sine ea fl. gp PITTSBURGH VALVE & FITTINGS CO. 


PITTSBURGH VALVE & FITTINGS CO. GENERAL OFFICES and WORKS, BARBERTON, 0. 


General Offices and Works—BARBERTON, OHIO. 
We manufacture all kinds of Valves and Fittings. 


We manufacture all kinds of Valves and Fittings. 
































VALVES 


Makes no difference what kind of a Valve 
you want, how you want it made or where 
you want ‘it shipped, we can supply it on 
shortest possible notice. 





We manufacture valves and pipage equipment of every de- 
cription, for all kinds of plants, Steam Separators, Tuyere 
Cocks, Brass Unions, Etc. Also make Pipe Bends, and do 
all kinds of Pipe Fitting, either assembled or ERECTED. 


SEND FOR CATALOG 


PITTSBURGH VALVE FOUNDRY 
& CONSTRUCTION CO. 


Pittsburgh Cleveland New York Boston Birmingham, Ala. 
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Make Your Steam 
Hand In A 
Written 
Report 


With the St. John’s reports 
you can measure the quality 
of your fuel, the capability 
of your workmen as well as 
the cost and value of every 
part of your equipment and 
output. 








——THE——_ 


Erwood Swing Gate Valve 
Walch & Wyeth, 87 Lake St., Chicago 














Indicating 


The Pressure Stays Where You Set It 


regardless of variations in load or initial pressure, 











thread pipe up to 12”, ONE MAN can do it quickly 
and in any place, in any position. An invaluable line 
of tools. Let us tell you about them. 


TOLEDO, OHIO. 


POWER PLANTS 
MUST BE DONE 





a : if you use 
ee Sy Pe... THE MASON REDUCING VALVE. 
G. C. ST. JOHN Steam CATALOG ? 
140 Cedar St., NEW YORK Meter. The Mason Regulator Co., Boston, Mass. 
EMERGENCY QUIGK quire no repatre and ‘the seats a6 protected 
rom wear. evere usage pr:ves em best. 
WORK Ve AGTI N G WRITE FOR BOOKLET, 


HOMESTEAD VALVES 
Homestead Valve Mfs. Go., 


Brass Founders. Pittsburg, Pa. 











Da IN A HURRY. 


“TOLEDO” Pipe Threading Devices 


The Toledo Pipe Threading Machine Co., 














APN STONE FLANGING=PIPE BENDING#FITTINGS*VALVES FOR Ady 


€DBEST-VALVES 



















‘“‘Have Used One Where 


Formerly Employed’”’ 


Is the reason most commonly given by engineers 
who recommend or order Morse @ Dexter 
Valve Machines. Q/t’sa machine an engineer 
will not get along without after once using. @Are 
you satisfied having your valves constantly sizz- 
ling and dripping when they can be made perfect- 
ly tight without removing them from the piping ? 
SEND FOR CATALOG P 


The Leavitt Machine Co., 


ORANGE, MASS., U. Si A. 











Boston 





Sent on Trial 


The Ashton Improved Lock-up Pop Safety Valve 
differs from all others in that it automatically ad- 
justs itself to the wear thus insuring the longest ser- 
vice with the least repair. 
) good features. Ask for our catalog. 


The Ashton Valve Co. 


New York 
St. Johns House, London, E. C. 


This is but one of many 





Chicago 
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COLLIN 
GAUGE COCK $11 Never LEAks 


IS ABSOLUTELY TIGHT UNDER ANY PRESSURE. In closing, the piston “13” enters the cylinder, cutting 
down the velocity of the fluid through the seat ‘‘14”’ and preventing steam-cutting as the valve closes. A slight 
movement of the lever reduces velocity of discharge and prevents flashing. Made of high grade steam bronze and 
with or without packless, non-sticking shut-off valve. . 


WRITE TODAY FOR CATALOGUE No. P-F, describing all our steam specialties, Includi Wate 
Gate Valves and Heavy Bronze Fittings and CATALOGUE P-B describing Coltin — Sunatenp Uneaten Valen, 


THE OHIO BRASS CO., MANSFIELD, OHIO. S1CAS0 OFFICE 


Stop That Leak--Free! 


The Simplex Pipe Clamp 


is absolutely guaranteed to 
make the worst leaky joint per- 
fectly and permanently tight. 
Can be applied while pipe is 
under full pressure. Try it for 30 days and return it a/ 
our expense if unsatisfactory. DETAILS? 


THE SIMPLEX ENGINEERING CO., PHILADELPHIA, PA. 


Telephone Preston 4985 D 316 Preston Street 








oti? gt 




















When You Pick up a 


BEAVER 


It’s Ready for Use on Any Size 
Pipe—Without Changing Dies. 
One Man Cuts ANY Size 





No 6—Cuts \ to 4” without changing dies or bushings. PEERLESS 


BEAVER DIE STOCKS ARE MADE IN ALL SIZES. MEANS WITHOUT AN EQUAL. 


Each size cuts the four sizes within its range without chang- 


ing dies, adjustable, and capable of cutting nipples and < P 
crooked threads. That’s what we claim for our 


: : oy 
CONSIDER THE CONVENIENCE AND ECONOMY of pipe machines, ‘They are un- 


Die Stocks which save the time of changing dies, no loose equaled for simplicity and du- 
parts to get lost or misplaced—and one man can cut ANY rability, for every day pipe 
size thread. 


threading. Get the Catalog. 
SOLD ON 10 DAYS’ TRIAL BY ALL JOBBERS. 


WRITE US TODAY FOR PARTICULARS. BIGNALL & KEELER MFG. co. 
The Borden Co., Warren, Ohio. EDWARDSVILLE, ILL. 


DEPT. F. 
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A Good Deal Better Work 
For A Good Deal Less 
Money-With the ‘Forbes 


Patent Die Stock. 
One man, with a “Forbes,” 





can cut off and thread all sizes of 


pipe up to 15” by hand. 


You know the old “Stock and Die’’ way 
of putting three or four men on the job, shifting 
the heavy pipe and wasting time, money and 
energy. The “FORBES” can be operated in 
cramped quarters, has an adjustable shell to take 
up the wear of the gear and guarantees perfectly 
straight, clean threads. ’Tis portable, durable 
and simple and does away with all fuss and fume. 
Write for catalog. 


The Curtis @ Curtis Co., 


85 Garden St., BRIDGEPORT, CONN. 





Hinged Pipe Vises 


Made in 4 Sizes 
Ranging from O to 6 inches 


Catalog on Request 





Manufactured by 


The Armstrong Mfg. Co. 
Bridgeport, Conn. 





This Mark 
Means the 
Genuine © 


287 Knowlton, St. 














9 in. to 13 in. Swing. 


No. 4% Lathe, 9in. x25in., List $ 75 00 
No.5 Lathe, 11 in. x 34in., List 100 00 


Our 13 in, lathes made 5 to 10 feet long. Send for lathe catalog. 


W. F, & JOHN BARNES CO., 990 Ruby Street, Rockford, Ill, 








SAVED BY A PULL! 
The “P.B.H.”” Quick-Closing Water Gauge. 


A PULL ON THE CHAIN DOES IT. 


Low in price. Satisfaction guaranteed, 
WE ALSO MAKE THE “P.B.H.” IMPROVED GAUGE COCK. 


THE PAUL B. HUYETTE CO., 2025 Betz Bidg., Philadelphia. 


Strongly made. Sent on approval. 









THE EMERGENCY PIPE 
CLAMP, for repairing splits 
and rust holes, Made of mal- 
leable iron from ¥ in. to12 
inches. 








"THE CLIMAX STEAM JOINT CLAMP 
Hi for repairing leaks at joints where pipes 
. are screwed into fittings. Made of brass 
for all sizes of pipe. 


PIPE REPAIRS FOR ANY CONDITION 


Send for Catalog of 
STEAM SPECIALTIES 
JAMES McCREA & CO., 
MANUFACTURERS, 
61 West Washington Street, Chicago. 

















MARTIN GRATES 


Martin Anti-Friction Rocking Grates will burn slack 
coal and get the same steam results as ordinary 
Catalog tells why. 


MARTIN GRATE COMPANY, 281 Dearborn Street, CHICAGO, 





grates do with best lump coal. 








(REEN TRAVELING CHAIN GRATES 


“AUTOMATIC SELF CLEANING CuoKeiess 
GREEN ENGINEERING CO. 


COMMERCIAL NATIONAL BANK BLDG., CHICAGO: 
AALIG-CHALNERS CO CHICAGO. ILL.. EXCLUSIVE AGENTS FOR ALL FOREIGN COUNTRIES EXCEPT CANADA AND MENGO 





GENERAL FOUNDY WORK A SPECIALTY 
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Where There’s No Dirt 
There’s Little Waste 


The Wilkinson Automatic Stoker and Smoke 
Preventer puts an end to the cloud of black 
smoke over your plant and provides for keep- 
ing the boiler room clean as your private office. 


But the big feature is that it saves 15% 
of your coal costs with no loss of efficiency. 


WRITE. 
The Wilkinson Manufacturing Co. 


Bridgeport, Montgomery County, Pa. 


























Every Style 3o==_ 


FIRE BRICK 


for every style of boiler 
setting. STRONGEST 
and most durable made, 


























Write for Catalog and Prices 


Presbrey Fire Brick Works, Taunton, Mass. 














"STEEL MIXTURE 


BOILER DOOR ARCHES 
AND FIRE BOX BLOCKS 


TONGUED AND 
GROOVED 


PATENT BACH 
COMBUSTION 
CHAMBER ARCH 


RX 
aN 


s 





aN 
SS 


~ 


AS 


WS 
: + 
rN 


\ 


M&LEOD &HENRY CO. 


TROY. N.Y.. U.S.A. 
BRANCH OFFICE, |402 BROADWAY. NEW YORK CITY. 








ANY TYPE OF BOILER 
The Murphy Automatic Smokeless Furnace 


burns slack and other low cost fuels with unexcelled economy and 
absolute smokelessness. Strictly automatic in feeding and distribu- 
tion of coaland the removal of the ash. Send for a complete de- 
scription. 


MURPHY IRON WORKS, 5 Walker St., DETROIT, MICH. 
UNITS OF ANY SIZE 








PREVENT SMOKE 


Write to us for descriptive matter relating to a device that is 
mechanica'ly correct, simple in cons:ruction, absolutely automatic, 
and its effectiveness in preventing smoke from Bituminous coal 
under any und all conditions has been fully demonstrated, 


CLIMAX SMOKE PREVENTER COMPANY 
205 Equitable Building, Boston, Mass, 











The grate which car- 
ries with it a GUAR- 
ANTEE to evaporate 
25% more water than 
any other grate or 
stoker in the market 
under similar condi- 
tions or no money. 


Adopted by the Bos- 
tonandNorthern Street 
Railway Co., and the 
Boston Elevated Rail- 
way Co., Boston, Mass. 


REAGAN GRATE BAR CO., euiticctrsin’ra usa 























NEEMES BROS. 


IMPROVED 
Clinker Cutting, Shaking 
and Dumping Grate 


unlike all other grates will cut from both 
sides of the shaker alike. Makes more steam 
with cheaper fuel and less of it. A slight 
agitation shakes out the ashes or a full open- 
ing dumps everything into the ashpit. Write. 


NEEMES BROS., 
41-49 Adams St., TROY, NEW YORK 


©. W. VAN BLARCOM, Room 533, Terminal Bldg , 30 Church 8t,, 
Agent for New York City and vicia ty BAB OCK & WIL UX, Ltd 
Montreal, Canada, Sole makers for Canada BURKE ENGINEERING 
CO., 311 Industrial Bldg., Providence, RK. L, Sole Agents for the New 
England Btates. 
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HOPPES 


Feed Water Heaters 


have a large heating and lime-catching surface 
upon which the feed-water is presented to the 
heating action of the exhaust steam in thin 
films and given a long course of travel through 
the heater, whereby it attains the highest 
possible temperature and all scale-forming solids that crystallize at 212 deg. F. are 
deposited on the pans which are easily removable for cleaning. Every heater is 















| | equipped with an efficient oil extractor and balanced, automatic regulating valve for 
controlling the feed-water supply. 
Built in both steel and cast iron construction to suit conditions. 


Hoppes Live Steam Feed-Water Purifiers 


Keep Boilers Clean Without Expense of Chemicals. Write for Particulars. 


Steam Separators, Oil Eliminators and 
Cast Iron Exhaust Heads 


CATALOG ON REQUEST. 


IS YOUR BOILER ROOM CROWDED? 


If so, you can save considerable floor space 
ii by installing a Hoppes Feed-Water Heater 
| with pipe leg supports as shown in cut 

| opposite. This device permits of locating 
“iil heater directly over the boiler feed pump, 
requiring practically no extra floor space 
| for heater, and is a great advantage and 
| Convenience in power plants where space is 
| limited for the installation of auxiliaries. 
Hoppes Heaters are equipped with sockets 
and flanges for pipe leg supports without 
extra charge when specified. 
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— HARRISBURG 
a 


FEED WATER HEATER 


of Pure Seamless Copper Coils 


Guaranteed to be the most effective, 
most duravle and cheapest heater 
manufactured. 


COPPER, IRON AND BRASS PIPE 


Coils and Bends of any desired 
shape. Manufacturers of High Grade 
Wrought Iron Pipe, Black or Galvan- 
ized. Write for descriptive catalog. 


Manufactured by 


The Harrisburg Pipe & Pipe Bending Co. 


950 Herr Street, HARRISBURG, PA. 














The Wickes Heater 


Exhaust steam utilized for 
heating water for boiler feed or 
laundry work. 

Simple, effective, durable. 
Tested like a boiler. 


The Wickes Boiler Co. 


MAIN OFFICE AND WORKS: 


Saginaw, Michigan 
SaLes OFFICES: 

1411 West 8t. B’ld’g, West and Cedar Sts., New York City, 
1139 American Trust B'ld’g, Cnicago, Il, 
Penobscot B’ld’g,Detroit,Mich, Empire B’ld’g,Pittsburg,Pa, 
601 Brown-Marx B'ld’g, Birmingham, Ala, 




















Clean Boilers 


can be yours; there’s no 
excuse for not having 
them. Scale is an un- 
necessary and expensive 
evil that can just as well 
as not be prevented. 


The 

Eclipse 
Feed Water 
Heater 

and 
PURIFIER 


uses the live steam to heat 
the feed water to a tem- 
perature of 300° F. At 
this degree the scale form- 
ing impurities are separat- 
ed before the water enters 
the boiler. Less fuel is 
demanded too. Catalog? 





The Eclipse Feed Water Heater & Purifier Co. 


Oshkosh, Wisconsin. 




















WARM OR COOL. DAMP OR | 
DRY, PLENUM OR EXHAUST 


No matter what system of air moving, 
ventilating, heating, drying, cooling or 
moistening you require, we will supply the 
apparatus and the engineering necessarily 
connected therewith. 

Green Engines, Fans and Steam Heating 
Coils can be arranged as above shown 
to supply factories, ofhces and large buildings 
with air in any required quantity and at 
any desired temperature and humidity. 
We design and build equipment for temper- 
ing the air, screens and air washers for 
taking out dust, also systems for automati- 
cally drying or moistening as_ required. 
We have installed apparatus of this kind 
in school houses, textile mills, machine 
shops, paper mills, factories of various 
kinds, etc. We also assist in designing 
the piping and distributing systems, so that 
the air will be properly utilized with the 
greatest economy of fuel and the avoidance 
of drafts. We have full information on 
file, collected in a great variety of installa- 
tions of this kind, and the purchaser of 
Green’s apparatus receives the benefit of 
our engineering experience and ability. 

We also install Green’s Fans and Blowers 
for circulating air in cold storage rooms, for 
taking dust away from bushing machines, 
emery wheels, etc., for carrying shavings, 
chips and saw dust, for removing smoke 
and dust from forge rooms, for producing 
forced or induced draft for boiler and other 
furnaces, in fact for any purpose where air 
is to be moved in large quantities under 
moderate pressures. We give special atten- 
tion to drying work, as in textile plants, 
laundries, dryers for grain, wool, tobacco, 
veneer, brick, lumber, glue, baking-powder, 
malt, etc. 

Tell us your conditions and ask for our 
Special Treatise, “108 P.”’ 


THE GREEN FUEL ECONOMIZER CO. 


MATTEAWAN, N.Y. 


New York City, Boston, Chicago, Atlanta, San Francisco, 
Los Angeles, Seattle, Salt Lake City, Montreal. 


Engineers: Builders of Green’s Fuel Economizers, Fans, Blowers and Ex 
hausters, Steam Air Heater Coils, Waste Heat Air Heaters, Mechanica 
Dratt. Heating and Ventilating and Drying Apparatus, Draft Dampers 
and Engines. 182 
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If you wore your 
Ulster in June 


you’d be doubly 
hot, 


The Baragwanath Steam 
Jacket Heater wears an 
overcoat of steam the whole 
year round. There’s a con- 
stant jacket of steam 
between the two shells, 
which causes greater heat- 
ing efficiency and prevents 
loss of heat by radiation. 


The hotter the feed-water 
the lower your fuel bills. 


Write for details. 





WM.BARAGWANATH @ SON, |||" 


54 West Division St., ; 
CHICAGO, ILLINOIS, U.S.A. 
Thos. B. Whitted, Piedmont Bldg., Charlotte, N. C., Southeastern 
Manager. 


INSIDE 
INFORMATION 


No inside joints or 
straight tubes to Jéak,’ . 
but in their place “the ’--: + 
finest quality seamless- \..’ 
drawn brass or. copper. 
coils. No back. pressure 
and no contact of the 
water with the shell or 
iron. Thus the troubles, 
so common to ordinary 
feed water heaters are 
dispensed with in the 
“National.” ’Tis the 
heater of zdeal construc- 
tion and the utmost 
simplicity. Over 2,700- 
ooo H. P. in present use. 





CATALOG ? “a 


The National Pipe Bending Co., 


175 Lloyd Street, 
New Haven, Connecticut. 
120 Liberty Street, New York. 54 High Street, Boston, Mass. 














Goubert Feed Water Heater 
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First, we guarantee 
the Otis Feed Water 
Heater and Purifier 
to retain its highest 
efficiency long after 
others become useless 


and to be the most 
easily and thoroughly 


AWA 7) cleaned of all heaters. 
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Ask for the other 


guaranteed points. 





The Stewart Heater Co., 


45 E. Delavan Ave., Buffalo, N. Y. 
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Cut Down Those 
High Fuel Bills 


You'll continue to have them 
just as long as you allow your 
exhaust steam to go to waste, 
and force your fuel to heat 
your feed water to the boiling 
point. 


The Loew 
Feed Water 
Heater 


uses the exhaust to heat the 
feed water, thus reducing the 
consumption of fuel. It pre- 
sents the maximum heating 
surface in the minimum space, 
and is simple and easy to clean. 
Allowance is made for expan- 
sion and contraction. 


WRITE FOR CATALOGS. 


The Loew Manufacturing Co. 
Cleveland, Ohio. 














THE WHITLOCK OPEN EXHAUST 
Feed Water Heater and Purifier 








Perfect Oil Separation. Easily Cleaned. The Highest 
Possible Temperature in the Feed Water. 


Manufactured by 


THE WHITLOCK COIL PIPE COMPANY 


HARTFORD, CONN. 
New York Office—Singer Building, 85 Liberty Street, 














COOKSON STANDARD ALL CAST 
IRON FEED WATER HEATERS 


Highest Tem- 
perature and 
Positive Purifi- 
cation of feed 
water. 

Perfect Sepa- 
ration and Re- 
moval of Oil. 

Automatic 
Control of Cold 
Water Supply. 

Dry Steam for 





Heating Pur- 


poses. 

Finest Grade 
Special Fittings. 

Lime Catch- 
ing Pans. Es- 
pecially Adapt- 
ed for use with 
Heating Sys- 
tems, Dryers, 
Etc. 

Write for our 
new Heater 
Catalog. 


BATES MACHINE COMPANY 


Sole Manufacturers Joliet, Ilinois 




















High Efficiency on account of long 
travel of water through the coils; thorough 
agitation of water, therefore rapid absorp- 
tion of heater; the scouring of the inside 
of tube walls caused by the centrifugal 
force of the flow prevents scale accu- 
mulation in the coils. 


Every coil a spring, no temperature 
strains. 
All tubes secured to headers. with 


ground union joints. 


Accessibility to interior parts through 
large door in the shell, without discon- 
necting pipes. 

Tubes all standard and may be replaced 
by the engineer using no other tool than 
a wrench, 


Sizes: 30 H. P. to 6000 H. P. 


Write for Catalog. 


THE GRISCOM SPENCER COMPANY 


General Offices: 90 WEST ST., NEW YORK. 
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HOW DO YOU FIGURE 
AIR PUMP DISPLAGEMENT? 


A common rule is to make the volume swept by the air 
pump equal to 1-23d of the volume swept by the low pressure 
cylinder. 


But what is the volume swept by the air pump? 


If there is a clearance space left filled with air and vapors 
at the delivery end of the stroke, these vapors must expand 
again from atmosphere down to condenser pressure before 
any gases can flow into the pump cylinder from the Con- 
denser. Not only that, but if the air pump has foot valves, 
the gases in the pump cylinder must expand still further 
until the difference in pressure between the pump cylinder 
and condenser is sufficient to lift these foot valves. Not 
until this point is reached does the pump being to do its 
proper work in drawing air and vapor into the Condenser, 
and only the remaining part of the stroke should be con- 
sidered in figuring the volume swept by the air pump piston. 


We wish, now, to draw your attention to an air pump 
that is not subject to these limitations. The illustration 
shows a duplex Wheeler-Edwards Suction-valveless Air 
Pump. At the delivery end of the stroke the air and vapors 
are forced out through the delivery valve AHEAD of the 
water, no gases therefore remain for re-expansion during the 
return stroke. 


Again, when the plunger reaches the bottom of the stroke, 
the pump chamber is in free communication with the con- 
denser, and the condensation which has accumulated at the 
bottom of the cylinder is injected in above the plunger in 
such a manner as to have an aspirating action and to slightly 
compress the air and vapors there just when the plunger 
closes the ports on the return stroke. This pump is therefore 
able to give as high vacuum as any combination of high 
vacuum pumps, condensation pumps and air coolers. It 
is being used in several of the largest steam turbine installa- 
tions in this country. 


Submit detailed particulars in regard to your plant and 
we shall be pleased to prepare a lay-out and make an estimate. 
Ask for “ Bulletin 3P.” 


WHEELER CONDENSER & ENGINEERING CO., 


CARTERET, N. J. 





EITHER ONE 
WILL SAVE 
15% of fuel and 
preserve the boiler. 
Write for Prices, Etce 


The Sims Co., 
ERIE, PA. 
Branch Office: 


136 Liberty St., New York, 
Tel., 529 Cortlandt. 











YOU’RE WASTING COAL 
THROUGH YOUR EX- 
HAUST PIPE—STOP IT! 


Every puff means waste steam, which 
means waste coal. 

Install a Patterson-Berryman Feed 
Water Heater and purifier, and train 
that steam to heat your feed water. 
Then your coal bills will come tum- 
bling down 1n figures. 60 days’ trial. 

Write! 


Frank L. Patterson & Co., 


28 Cortlandt St., New York, U.S. A. 























Gincinnati, Ohio 
y Builders of 
PUMPING 
MACHINERY 
Single Duolex 
and Fly-Wheel 
"ypes 
Water Works 
Pumping Engines 











Warm Weather Fans | 


B. F. STURTEVANT CO., Boston, Mass. 
General Office and Works—Hyde Park, Mass, 


NEW YORE PHILADELPHIA CHICAGO CINCINNATI LONDON 











Black Diamond 





Perfect qe NAry Copy of Catalog 
Always sent free to any 
For Sale interested file 
Everywhere user upon ‘appli- 


cation. 


FILES and RASPS 
G. & H. BARNETT GO. 


Black Diamond File Works 
° PHILADELPHIA, PA. 
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AMERON 
PUMPS 


The Slogan of The Cameron— 
““Character: The Grandest Thing.”’ 





Three distinguishing points regarding Cameron 
Pumps are Simplicity, high efficiency and 
durability. For an entire generation they have 
held the lead through honest merit. 


yy ° Toe 


CAMERON CAMERON ‘ 


& . 
: 

7 
r, 


STEAM PUMP 
srze9 


CAMERON 


Cameron Long Stroke Pattern Steam Pump 


This pump is ideal where requirements call for continuous pump- 
ing and in all places where the wear and tear on pump is extra heavy. 


The piston stroke is nearly twice the length of the regular type. 
This reduces the wear to a minimum and increases the capacity. No 
Cameron Pump, of this or any other style, can short stroke at either 
high or low speed. Simplicity of parts is the keynote throughout. 


Write for the handsomest pump catalog ever issued—Edition “‘F.”’ 





A.S.Cameron Steam Pump Works, 
Foot of East 23d St., New York, N. Y. 
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AMERICAN STEAM PUMP CO. 


BATTLE CREEK, MICH., U. S. A. 


Manufacturers of 
MARSH and AMERICAN STEAM and 
POWER PUMPING MACHINERY 
for Every Service. 


We make a specialty of VACUUM 
PUMPS, both STEAM and POWER, for 
heating systems. 


Send for Catalog 17-G. 


SIMPLEX NOT DUPLEX. 
To be simple is to be great. 

















GREAT BURNHAM 


Steam Pumps 
WILL NOT SHORT-STROKE 


Steam, belt and Motor-driven 
to meet every requirement. 


Buy a Burnham’’ and Save Money 
Made by the 


UNION STEAM PUMP CO. 








WRITE FOR CATALOGUE NO. 17-E 


Battle Creek, Mich. 








Dean Bros. Steam Pump Works 
INDIANAPOLIS 











Ask for 
Catalogue 
“G"’ and 
treatise 


Deming 








Simple and Duplex Boil- 
er Feeders. Jet and Sur- 
face Condensers. Power 


_— thie 
~ and Electric Pumps. 


a Simpite Plunger Pump 











POWER PUMPS 


Adaovted especially for gas 
engines, motor and b }t 
powers, in harmony with 
present requirements 
Catalog sent on request. 


F.E. Myers & Bro.. 
Ashland, Ohio, U. S. A. 























** Feedin 


any 6Power 


COM —- _ 


Pumps 





For oper- 
ation by 
any power. 


The Deming Company 
Salem, Ohio 














Agencies in | 
Principal Cities 

















What Are Your Boilers Doing? 


Are you getting the best economy ? 
Is your coal best fitted for your purpose ? 
Can You Tell Your Evaporation ? 


A 
DETROIT METER 


Will Give You a Continuous Record of 
Your Boiler Feed Water 
Built in all sizes for all requirements of power 
plants, heating companies and for 
measuring any liquid. 


CENTRAL STATION STEAM COMPANY 
Detroit, Mich., U. S. A. 


SEND FOR CATALOG. 
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New York Chicago Atlanta Pittsburg St.Paul Seattle 


HIGH VACUUM APPARATUS 


Surface and Jet 
CONDENSERS 


Suction Vaiveless 


Feed - Water 
AIR PUMPS 


HEATERS 


Water Cooling 


Boiler Feed and Pressure 
TOWERS 


PUMPS 


C.H. WHEELER MANUFACTURING CO., 


Head Office and Works, PHILADELPHIA, 
Branch Sales Offices at 


San Francisco 








ACCOUNT 


of their extremely low cost of 
operation and the small 
amount of attention required 


Goulds 
Efficient 
Power Pumps 


are growing in favor wher- 
ever they are installed. Let 
ussend you Catalog of Pumps 
for every service. 


Tt 


HIT 





: Seneca Falls, N. Y. 


New York. Philadelphia. Pittsburg. St. Louis. New Orleans. Chicago. 
Los Angeles. San Francisco. Louisville, Ky. 





The Goulds Mfg. Co. 





Warren Steam Pump Co. 


Warren, Mass. 
PUMPS FOR ALL REQUIREMENTS. 





Piston—Plunger—Hydraulic—Deep 
Well—Power. 


Air Pumps and Jet Condensers, Combined Air and Circulating, 
and Marine. Catalog. 








iii 
¥ 


ts 
fee: 
a 














But one valve. No Outside valve gear to bend or bind. 
All working parts fully enclosed. Operation positive and 
noiseless. Highest economy, as there are no pockets for 
the steam to condense in. 


Steam, Gas Engine and Motor Driven Types. 


Capacities, 26 to 1000 gallons per minute. 


Write for Catolog E. 


DU BOIS IRON WORKS 


Established 1877 
805 Brady Street Dubois, Penna. 




















OUR 


TURBINE PUMPS 








44 


SIMPLE 

RELIABLE 

EFFICIENT 

WELL CONSTRUCTED 


Require very little attention. 
Built to suit your conditions. 








Write for Catalog W 159 E. 


HENRY R. WORTHINGTON, 


115 Broadway, New York City. 
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THE BABCOCK @ WILCOX COMPANY 


85 LIBERTY STREET, NEW YORK 


Boston—Delta Building 

PHILADELPHIA—North American Building 

San FrANcIsco—99 First Street 
PirrspurG—Farmers Deposit Nat. Bank Building 
NEw ORLEANS—533 Baronne Street 


WATER TUBE STEAM BOILERS 


STEAM SUPERHEATERS—MECHANICAL STOKERS 


Barberton, Ohio — WORKS — Bayonne, N. J. 


BRANGH OFFIGES 
DENVER—435 Seventeenth Street 
Sat LAKE City—Atlas Block 
Cuicaco—Marquette Building 
ATLANTA, Ga.—Candler Building 
CLEVELAND—New England Building 


Mexico City—7 Avenida Jurez 
Havana, Cubna—1164 Calle de la Habana 
Los ANGELES—Trust Building 
CINCINNATI—Traction Building 








When You Buy 
Get the 


CLIMAX 


BOILER 


“Sompact--generates great power in small 
space. NSafe--no large surfaces exposed to 
steam pressure. Economical--generates more 
steam per pound of coal than any other 
boiler. Sizes from 50 to 1,000h. p. Youshould 
4 have our booklet. Get it. 


The Morrin 
Climax Boiler Co. 


Main Office: 240 Lorraine St., Works: Smith 
orraine, Court ard Creamer Sts. 


Telephone 243 Hamilton 


Brooklyn, N. Y. 











A FEW 


“VOGT 


FEATURES 


Accessibility for clean- 
ing and _ inspection. 
Steadiness of water 7 
level. Rapid circulation. Dry steam. Ability to 
double its rated capacity. No cast iron used. 
Greater heating surface. Less scale. Circular ? 


Henry Vogt Machine Co., Inc., Louisville, Ky. 








Save Money by Buying a 


ROBB-MUMFORD 











Internally Fired Boiler 


Low first cost—Saving in fuel—Durable, 
Safe—Built in all sizes from 60 to 250 
horsepower. 


ROBB-MUMFORD BOILER COMPANY 


SOUTH FRAMINGHAM, MASS, 


New York Office, 90 West Street. Boston Office, 170 Summer Street. 
Built in Canada by Robb Engineering Co., Ltd., Amherst, N. 8. 








KEWANEE, 
BOILERS 


Are Boilers of 
CHARACTER 


They bear the mark of superiority. They are built by 
mechanics, are strong, solid, substantial, efficient, dura- 
ble. Have the name KEWANEB in your specifications. 


KEWANEE BSILER COMPANY 


KEWANEE, ILLINOIS. 




















Alberger Condenser Co. 

















Condensers, Centrifugal, 
Cooling Volute, 
Towers, 95 Liberty St. d 
Vacuum New York ™_ 
Pumps, Turbine 
Heaters Pumps 





Alberger Pump Co. 
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THE RUST 


WATER TUBE 


BOILER 





Southern Agents 





SAFE, SIMPLE, DURABLE, 
ECONOMICAL, ACCESSIBLE 


Write for Report of Tests by William Kent. 


THE RUST BOILER CO., 
PITTSBURGH, PENNA, 


THE Rust ENGINEERING Co.,{ Birmingham, Ala. 
) New Orleans, La, 


phen nrst eri 
= 











CONTRACTORS. 
CENTRAL STATION HEATING. 


Write for valuable information. 


AMERICAN DISTRICT STEAM CO., 


Lockport, N. Y. Toronto, Can. Chicago. 











ROBERT W. HUNT & CO. 


Bureau of Inspection, Tests and Consultation 


: : — = Inspection of Rails and Fastenings, Cars, 
West Street Bidg , New York. Locomotives, Pipe, Etc. Bridges, Buildings 


1121 The Rookery, Chicago. andotherStructures Chemical and Physical 
Monongaie'a Bark Blds., Pittsburgh. Laboratories. Reports and Estimates on 
Norfolk House, Cannon St., E. C. London, Properties and Processes. 





Water Tube Boilers 


All Wrought Steel 
Construction 


Ask for New Catalog P. W. 





ESTABLISHED 1865. 








E. KEELER CO. 


Williamsport, Pa. 
New York, Philadelphia, 





Chicago, San Francisco, 
Wilkesbarre and New 
Orleans. 

















=) 


' BUILT BY 


FRANKLIN “*sorren’*” 


° ee C= 
a_i | FRANKLIN 
Lore BOILER 
WORKS 
Co., 


TROY, N.Y. 





SALES OFFICE 
3, oe 39 Cortlandt St., 
| New York, N. Y. 














HEINE ‘ose BOILERS 


Built entirely of 
Flange Steel. No 
cast-iron under ten- 


sile stress. 


Completed and tested 
in the shop before 
shipment. 


Built only by the 


Heine Safety Boiler Co., “srtous.'no. 








Foster Superheaters 


Take care of peak loads. 


POWER SPECIALTY CO., 
111 BROADWAY, NEW YORK. 








PARKER BOILER Co. 


WATER TUBE BOILERS—SUPERHEATERS. 


PHILADELPHIA, PENNA. 
New York—Pittshurg—Chicago—Denver—San Francisco. 














WATER TUBE—— 
EDGE MOOR IRON CO., Edge Moor, Delaware Send for Catalog S. 


Give Quick 


Edge Moor Boilers | «:-:.<:... 


Load, 
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The Basis 
Of Economy 


in any power plant is the boiler 
system. If you appreciate that 
fact you will do well to inves- 
tigate 


Our Safety Water 
Tube Boiler 


Built for any pressure from 125 
to 300 pounds. Meets all the 
high duty requirements of 
modern triple and quadruple ex- 
pansion and compound engines. 
Perfect circulation, remarkable 
economy, and freedom to expand 
and contract, are features. 


Ask for illustrated catalog and 
latest test report. 


Oil Well Supply Co., 
Pittsburgh, Pa. 


Boiler Works Dep't., - - OSWEGO, N. Y. 
Branch Offices—NEW YORK, PHILADELPHIA. 











Don’t Blow Your 
Tubes Out The 
Wrong Way 


The Monarch Steam Flue Blow- 
er is a practical machine per- 
manently insta led in the rear 
wall of the boiler. Blows the soot 
out of tubes in the direction of 
the natural draft. It cleans all 
the tubes in 5 minutes without 
loss of time, steam pressure or 
fuel. Sent on trial. 








u 
4360900000000 00000000 








Circular ? 
The 
Monarch Steam Blower Co. 
Troy, N. Y. 








Morison Suspension Furnaces 


For Land and Marine Boilers 
also—FOX CORRUGATED FURNACES. 






Uniform 


\ \ \ Vi _ Thickness 
a oe ¥ Easily Cleaned 


Unexcelled 
for 
Strength 


/ 


" ecaciiaiead By 
The Continental Iron Works 


Near 10th and 238d Ferries, 
West and Calyer Streets. Brooklyn, N. Y. 











ENGINEERS’ CHUMS Needed In every Engine Room, 


Set of No. 1 Mound Scraping 

p TOOL = 3 SCRAp 

MO ScRAPING roots. %Cq ee oe ee 

‘ . - " Set of No. 2 Mound Spec’ 
Hollow Ground - - 

Set of 6 Mound Packing 
Toole - - - = §2.25 

Set of 5 Mound Cold Chisels, $2.00 


$3.60 


an 7 


ae 





Send for book Engineers’ Chums.”’ 








The Gopes Boiler Feed Regulator 
automatically holds the water level at one point and 
feeds the water as needed. The Copes Pump Gover- 
nor controls the feed line pressure. Write for book “‘P."* 
AMERICAN BOILER ECONOMY CO., 
Philadelphia Boston Baltimore 











ENGINE AND BOILER BARGAINS 


ENGINES 
16 x 82 Buckeye, Automatic 
14 x 24 Atlas, Automatic 
1344 x 15 Taylor, Automatic 
12 x 18 Brownell, Automatic 
12 x 24 Wetherill, Corliss 12 x 14 Green, Automatic 
10 x 30 Hamilton, Corliss 12x 12N. Y. Safety, Automatic 


Also large assortment of Automatic and Throttling Engines of 
other sizes. 





20 x 42 Allis, Corliss 

18 x 42 Hamilton Corliss 
18 x 36 Wright, Corliss 
14 x 24 Wright, Corliss 


BOILERS 
84 x 18, 78 x 16, 72 x 18 High Pressure, 72 x 16, 66 x 16 and smaller 
sizes of Horizontal Tubular Boilers, also Vertical and Fire Box 
Boilers from 5 to 60 H. P. 
Heaters, Pumps, Tanks, Saw Mills, Iron Working Tools, etc., etc. 
Write for bargain list. 





We are the sole manufacturers ofthe celebrated ‘Leader’’ 
Injectors and Jet Pumps. 


THE RANDLE MACHINERY CO. 
1768 Powers St., CINCINNATI, OHIO. 
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The Vigilant 
Feed-Water Regulator 


for steam boilers was the first in the 
field, and has the longest aud best record 
of any of these devices. 


Costs Less to Operate and Maintaln 


Constructed on a different and better 
principle than any other. 
Investigate it and the 


FULTON PUMP GOVERNOR 


and send for latest catalogue with list of 


users. 


A guarantee from a responsible firm 
with every machine. 





hicago. 


THE CHAPLIN-FULTON MF6. CO. 


J.8. Ward, ‘.. 7-9 8. Jefferson St. 


Pittsburg, Pa. 











LOCAL SALES OFFICES: 


New York, N. Y., Hudson Term’! Bldg. 
PHILADELPHIA, Pa., Pennsylvania Bldg. 
St. Louis, Mo, 3rd Nat'l Bank Bldg. 


SALT LAKE Crry, UTAH, Dooly Bidg. 
PITTSBURG, Pa., Frick Bldg. 
DENVER, COLO., Majestic Biag. 


SAN FRANCISCO, CAL., Crocker Bldg. 
PORTLAND, ORE., Wells Fargo Bidg. 
ATLANTA, GA., Candler Bidg. 
CHICAGO, Commercial Nat. fiank Bldg. 
NEW ORLEANS, LA, Maison Blanche, 
SEATTLE, WaASH., Alaska Bldg. 














Soft 
Water 


Prevents 


Scale 


Soft water contains 
no scale-forming im- 
purities; hard water 


docs. 


The Bartlett Water 
Softening System is 


an automatic process 





which renders the hardest water as pure and 


soft as rain water. 


build each machine 


expressly for the water it is to treat, and guar- 


antee to keep your boilers free from scale at the 


small cost of a cent or two per 1000 gallons. 


Write for full particulars and proof. 


Northern Water Softener Co. 


Madison, Wisconsin 








10% 0% 0% 0 


ro p0n 


; 


Ml 10 F064 Nam. 






FILTERED WATER TO BON CAS 


e 
mane 
lat 

: ees 





Saterryer 


~ | CweMia, TAwe 





MASH OR FLTER 


— 
4 2) a TQ mAsie 


= 
wasnayl PPE TO SEWER 


is sold under this positive guar- 
antee: 

That it will remove all vege- 
table and mineral impurities 
from any water. 

That boilers using feed water 
so treated will remain free from 
foaming, scale or corrosion. 

That if the KEYSTONE 
PRESSURE FILTER SYS- 
TEM fails to fulfill these condi- 
tions it will be removed without 
cost to the customer. 





OPERATION. 


The diagram above shows a complete 
installation. Observe its compactness, 
and the absence of settling tanks or 
other cumbersome accessories. Its ope- 
ration is absolutely positive. Nothing 
is left to chance. The water to be puri- 
fied is subjected to careful chemical ana- 
lysis; its dissolved impurities determined 
and a chemical agent provided that will 
precipitate itself and the dissolved im- 
purities together, as insoluble matter. 
In this form it is filtered out together 
with the suspended impurities, leaving a 
pure, harmless water to enter the boilers. 

Complete information supplied on 
request. 


Philadelphia Chicago 

















THE KEYSTONE 


Pressure Filter System 


The Keystone Chemical Mfg. Co. 


San Francisco 
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Power Sp 


WILLIAMS 


Williams Scfcty Feed Water Regulator 


POWER — 3600 


of the most modern of the world’s power plants are 
equipped with the WILLIAMS SAFETy FEED WATEN 
REGULATOR. ‘There must be a reason. The principal 
efforts of the best mechanical engineers is to obtain the 
greatest amount of energy possible from each pound of 
coal burned beneath the boilers. They realize that it is 
a most extravagant waste to endeavor to secure ef- 
ficiencies and economies where a fluctuating water line 
obtains. They know that this machine will save from 
3 to 15% in fuel, that is will insure dry steam con- 
stantly, that it will increase the boiler’s efficiency by 
at least 10%, that it will save labor, that it will 
minimize the repair account, that it will increase their 
engine capacity and that it will give them larger plant 
output. 

85 % of all the Feed Water Regulators in use today 
are WILLIAMS. 

4,000,000 H.P. equipped comprising every known kind 
of manufactory and type of boiler. 

Steam [Engineering has been defined as “A science 
which produces the greatest income from a pound of coal.” 


NEW BOOKLET JUST OUT. 


The Williams Gauge Company 


PITTSBURGH, PA. 








ecialties 














other 
Curtis Specialty 





| @ The Curtis 
alk Damper 
| Regulator 





| is the most simple, durable and 
economical device on the market. 
Regulates to any position with the 
varying steam pressure—no water 

HT connection. It is fully up to the 
fl : standard cf other Curtis products. 























il 

— IF YOU ARE NOT FAMILIAR WITH 
THEM WRITE FOR DESCRIP- 
| TIVE CATALOG. 

ania Julian D’Este Company 


24 Ganal St., Boston, Mass. 








THE 


BERRY 


Safety 
Automatic 


Feed Water 
REGULATOR 


Send for Catalogue 


BERRY ENGINEERING COMPANY 
Chester, Penn. 


Metropolitan Office, 136 Liberty St., New York City. 














Any Pressure 


UP TO 8,000 LBS. PER SQ. INCH 


can be positively and automatically 
controlled with the 


FISHBR governor 


For use in Hydraulic Service, Air 
Compressors, and all types of Pumps 
working under pressure. Sold under 
guarantee to satisfactorily perform 
its work. Write if interested. 


THE FISHER GOVERNOR CO. 


MARSHALLTOWN, IA. 
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LS ca A 


- Westinghous 


Individual Electric- Motor Drive 






























Portable Tools fe 


Would not be practicable without individual- 

motor drive—Portable Tools can be moved 
| to the work rather than the work to the 
tools. This is of especial value when large 
| work is in hand, as it allows several opera- 
i tions to be carried at once, saving both time 


and money. 





e 


Ask for Booklet 23 ‘iVestinghouse Motors. an — 
Portable La ve Driven by Westin pa ne 
Manafactured by Wilhams & Wilson, Montreal, Can. 


Westinghouse Electric & Mfg. Co. 





Atlanta Buffalo Cleveland Detroit Minneapolis Philadelphia Salt Lake City 

Baltimore Chicago D: _ as Kansas City New Orleans Pittsburg San Francisco 

Boston Cincinnati De Los Augeles New York St. Louis Seattle 
Canada : Canadian Westinghouse Co., Ltd , Ha a! eatin Ontario. Mexico : G. & O. Braniff & Co., City of Mexico. Syracuse 




















TRIUMPH 


INDUCTION 


MOTORS 


HIGH EFFICIENCY 
HIGH POWER FACTOR 
COOL RUNNING 





Why it Pays to Install 
Triumph Ice Machinery 


BECAUSE: bine 
The compressor construction insures greatest results 75 
with smallest expense of operation. Efficiency. 
The massive compressor design permits severe strain H. P 
. . 


without injury. Durability. 

The Triumph Cast Steel Annealed ammonia fitting is 
the toughest, most inde:tructible fitting made. 
Absolutely prevents ammonia leakage. Economy. 


CATALOG “F.” 10 .P., 220 V., 3 H.P., 1200 R. P.M. 


Remember: “The Fittings that Don’t Leak”’ Py « 
AGENCIES: Philadelphia, Pa.; New York, N. Y.; Boston, T ri u m p h E I € ct ri Cc Co., 


Mass.; Columbus, Ohio; Pittsburg, Pa.; New Orleans. La.; Dallas, 
Texas; Atlanta, Ga.;Kansas City,Mo.; Seattle,W ash.; : Baltimore,Md. Main Office and Works: 


THE TRIUMPH ICE MACHINE CO. CINCINNATI, OHIO 


CINCINNATI, OHIO, BRANCHES IN ALL LARGE CITIES 
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SOUTHWARK FOUNDRY 
AND MACHINE CO. 


PHILADELPHIA, PA. 
Our type of BLOWING ENGINES for Blast 


Furnaces and Bessemer Steel Works is largely used in 
the United States and Europe. 

Built of vertical and horizontal pattern; simple and 
compound steamends; and air cylinders fitted with our 
patented grid-iron valves which make it possibleto operate 
at higher speeds than with the usual form of air valve. 

CATALOG UPON APPLICATION. 


Make Your Own 
Lightand SAVE 
the Seller’s 
Profit 


With this machine installed in 
your plant you can produce your 
electric lighting at much less cost 
than you can buy it from the mains 
and with practically no increase in 
the cost of steam and labor. Re- 
quires little attention, is sufficiently 
compact to be readily iostalled in 
small space ana will outlast any other on the market. Easily accessible and 
operates with perfect steadiness and without noise. 

Write for new illustrated catalog. 


Engberg’s Electrical and Mechanical Works, 
St. Joseph, Mich. 




















Power Plant men find that the famous McEWEN ENGINE is 
ideal for driving electric generators. Itis the highest effi- 
cleucy, grea est economy engine; guaranteeing the closest 
regulatiou under fluctuating loads. Write. 


RIDGWAY DYNAMO @ ENGINE CoO., 
Ridgway, Pa., U.S.A. 


C@C 


GENERATORS 
AND MOTORS 


having nearly 25% more ven- 
tilatiug area thau other ma- 
chines, are the coolest run- 
ning. They are also furnish- 
ed with the reaction type of 
brush holder—the beston the 
market. Get our catalogue. 





ENGINE TY PE GENERATOR. 


THE C @ C ELECTRIC CO. 


General Office and Works, GARWOOD, N. J. 


New York Office, 149 Broadway 


Philadelphia, West End Trust Bldg. 
Boston, H A. Howard, 10 Postoffice Square. 


Agencies in ail principal cities. 





Central Station Profit 


depends to a large extent upon the kind of meters used. 





Type K, Form S AA Meter. 


Type K Meters 


are used by the largest lighting and power companies in the 
country. They know that Type K Meters are reliable. They 
would not use them if they were not. 


Bulletin 1053 gives details. a 














The overload capacity. of G-W electric 
generators makes them popular with the 
engineer. In emergencies they do better 
than is expected of them. Bulletin 80M 


describes our D. C. machines. 








GROGKER-WHEELER GOMPANY 
Ampere, N. J. 











SALES Main Office: IN 


MOST 
OFFICES FORT WAYNE, IND. 


LARGE CITIES 











York Manufacturing Co. 
York, Pennsylvania 


We manufacture all 
machinery and parts 
needed to equip a 
com jlete Ice or Re- 
frigerating plant— 


Machines, Conden- 
sers, Tanks, Cans, 
Coolers, Piping, 
Boilers and Am- 
monia Fittiags. 
ofall kinds. We em- 
ploy over 1,250 men 
in the manufacture 
of Ice and Refrigerat- 
ing Machinery ex- 
clusively. Catalogue 
sent upon request, 
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WARREN GAS ENGINES 


Horizontal and Vertical 
Types up to 700 H., P. 


NOT AN EXPERIMENT 


Economy and Reliability Have Been 
Demonstrated by Actual Service 


FULLY GUARANTEED 


For All Street Railway, Electric 
Light and Power Requirements 


STRUTHERS-WELLS COMPANY, 


New York Office Pittsturg Cffice 
26 Cortlandt Street. 310 House Building. WARREN, PENNA. 














BUCKEYE ENGINE COMPANY, 
SALEM, OHIO 


BUILDERS OF HIGH CLASS 


STEAM AND GAS ENGINES 


HIGH IN DUTY, SUPERIOR IN REGULATION 
AND 


ABSOLUTELY RELIABLE 
CORRESPOND WITH US BEFORE PURCHASING 
L CATALOGS ON APPLICATION 














RICE @ SARGENT 


Corliss 
And High Speed, Four-Valve Engines 


REEVES VERTICAL 
COMPOUND ENGINES 


are economical, reliable and oc- 








cupy small floor space. They 





They look reliable—they are more re- represent the latest improve- 


liable than they look. Complete de- 
scription in our catalog; send for copy. 


ments in high and 


medium speed com- 





. - — pound steam engines. 
Providence Engineering Works, 


Main Office and Works, - Providence, R. I. , ' , 
New York Office, 42 Broadway. REEVES ENGINE & MACHINE CO., Xsb‘wouks, Trenton, N. J. 




















RIVERSIDE 


Engines are the standard American 
Gas Engine. They have the reli- 
ability of a steam engine, che great- 
est accessibility, are extremely sim- 
ple and are economical to operate. 


Built in all types, single cylinder, 
single acting to twin tandem double 
acting, 40 to 2,500 H. P. 
Riverside Eugine Co., 

YA: . 
Oil City, Pa. 


New York, 50 Church St. Pittsburg, Keenan Bldg. Fitchburg, Mass., Brown-Russell Co, Atlanta, W. E. Austin Co., Candler Bldg. Indianapolis, F. Louis Egan, 1130 Congress Ave, 





Riverside Heavy Duty Single Acting Tandem Gas Engine (Class C) 
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Skinner Engines 





a nee 


SIDE CRANK TYPE 


CENTER CRANK 
SIDE CRANK 
SINGLE and FOUR VALVE 


SKinner Engine Co., 
Erie, Pa. 





CENTER CRANK TYPE 








7 
YOU CAN DEPEND ON NORTHERN APPARATUS ALWAYS. 


Our machines operate constantly—sometimes twenty-four hours a day for years— 
under the severest possible operat'ng conditions. Northern equipments endur* in 
moist or dusty localities. They give constant, economical power andlight JWhether 
your service is severe or easy you will find Northern machines well suited to your 
work, Atanyrate you ought to investigate this to prove that we are right or wrong. 
Get Bulletin 838 and tell us what you want to do with electric power. 895 


NORTHERN ELECTRICAL MFG. CO., Madison, Wis., U.S.A. 


Standard and Special Electrical Machinery. 




















Alberger Tandem Gas Engines 


Accurate Regulation for Electric Service— 
Automatic Cut-Off and Rites Fly-Wheel Governor. 


A. H. ALBERGER COMPANY 


45 to 600 H.P. Using Natural Gas 695-697 Ellicott Square 
35 to 500 H.P. Using Producer Gas BUFFALO, N. Y. 


Lammert & Mann 


Engineers and 
Machinists 


157 S. Jefferson Street, CHICAGO 





WE MAKE A SPECIALTY OF 
Corliss Engine Repairs. 
General Jobbing. 
Pumps, etc., all kinds 
Pulleys, Hangers, Shafting, etc. 


Engines Indicated. 
Repairing Engines. 
Special Machinery. 
Oil Dash Pots. 











yj 


+ ra 9 ; 
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For small and medium sized plants our 


OIL ENGINES 


are cheaper, simpler, tore compact than any other motive 
power. 8 H. P. hours per gallon of cheap oil. 


5315 H. P. used by Baldwin Locomotive Works 


The “De La Vergne”’ Vertical two-Cycle 4 to 25 H. P. 
“Hornsby-Akroyd” Horizontal Four-Cycle 2 1-2 to 250 H. P. 


DE LA VERGNE. 


Y ad DAN G8 BOD = CO.@ 


Foot East 138th Street, NEW YORK. 











YOURS 


ON A MINUTE’S NOTICE 


aoe e 





We have for immediate delivery: 


One 18-inch by 42-inch girder frame engine, 
left hand, 90 revolutions, rated at 250 h.p.; 
wheel 14-ft. diameter by 48-inch face. 


One 19-inch by 42-inch girder frame engine, 
right hand, 100 revolutions, rated at 280 h.p.; 
wheel 14-ft. diameter by 33-inch face. 


The above are NEW engines. 


One 14-ft. diameter by 28-inch face pulley, 
turned for belt. Hub bored 1l-inches diam- 
eter. Wheel weighs 15,000 pounds. 


Get busy and communicate with us. 


Cc. H. BROWN ENGINE CO., Inc. 
, FITCHBURG, MASS. 
Chicago Representative—Frank H. Ponp & Co., Fisher Bidg. 
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CORLISS 


Robt. Wetherill & Co. 


INCORPORATED 


CHESTER, PENNSYLVANIA 


perry sAreTY BOILERS. power ptants 


ENGINES 





We Manufacture 
AN ECONOMICAL 
AND DURABLE 
ROTARY ENGINE 


Send for Catalogue. 


Ball-Cooley Engineering Co. 


316 HUDSON ST., NEW YORK CITY and 159 GREEN ST., BOSON. 








A Shepherd 


is expected to give constant, faithful and 
uncomplaining service. 


SHEPHERD ENGINES (4 all of that and more. 
Read our illustrated catalog—free upon request. 


SHEPHERD ENGINEERING CO., Will‘amsport, Pa. 











Good Engines 
for every power 
purpose. Ask 
for Catalog. 
a> Watertown 
Engine Co., 
Watertown, N. Y. 















CORLISS ENGINES 
Refrigerating and 
bas \ce Making Machinery 

THE VILTER MFG. CO. 


$19 Clinton St., Milwaukee, Wis. 














Bates Vertical Automatic High Speed 
Engine for connection to Pumps. Espe- 
cially adapted for 


WATER WORKS, IRRIGATION 


and other places where it is desired to 
move a large volume of water at small 
expense. 

CATALOG FOR THE ASKING. 


BATES MACHINE CoO., Joliet, Ill. 














TheC. & G. CooperCo. 
ENGINE BUILDERS 


MT. VERNON, OHIO 








New York—13 Broadway 
Boston—413 Weld Bldg. 
Pittsburg—604 Frick Bldg. 
Philadelphia—Drexel Bldg. 
Atlanta—310 Candler Bidg. 
Charlotte, N. C.—South T ryon St. 
Chicago—1539 First Nat’1 Bank Bidg. 
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An Automatic System 


Of Lubrication 


is a notable feature of the new 
American Ball Angle Compound. We 
place no reliance upon ‘‘splash’’ lu- 
brication. <A direct acting pump at- 
tached to the high pressure valve 
rock shaft forces a generous stream of 
oil through a system of direct pipes 
with sight feeds to every bearing point, 
flooding the surfaces and reducing 
friction to its “irreducible” minimum. 


A tank, high up on the vertical 
cylinder frame, is maintained con- 
stantly full (as indicated by a float 
and “‘tell-tale’’) so that in case of ac- 
cident to the force pump there re- 
mains always a quantity of oil that 
will feed to all points by gravity. 
This tank may be kept filled by hand 
in an emergency and the engine kept 
running. This is a most important 
and valuable detail. 


The new angle compound is a re- 
markable combination of good prac- 
tice. It will pay you to investigate. 


Write for details. 


The American Engine Co., 


22 Raritan Ave., 


Direct Current Dynamos and Motors: 
Complete Generating Sets 


Boston Office: 49 Federal Street. 


Builders of American-Ball Simple and Compound Engines: 


Bound Brook, N. J. 
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CLOSE REGULATION 
ECONOMY IN FUEL 





“ERIECO” ENGINES 


The Frame—Heavy and rigid. Bored 
guide type. Perfect alignment, cool 
bearings, noiseless running. 


The Cylinder—Close-grained, remelted 
iron. 


The Governor—The Riblet Automatic 
Governor—always reliable. Closest 
regulation. Better than any other. 


Catalog goes into full particulars. 


ERIE MANUFACTURING & SUPPLY CO., 
1203 Peach St., ERIE, PENNA. 

















== 
FITCHBURG 
ENGINES 


Ask any user! 

Perfectly balanced piston valves, 
guaranteed for 20 years. 

Sixty minutes’ attention once a 
year keeps the ‘‘Fitchburg”’ steam 
tight for a quarter of a ceniury. 

That’s not nearly all. 





Write for particulars 





Fitchburg Steam Engine Co., 
Fitchburg, Mass. 


E. H. Ludeman & Co., 165 Broadway, New York. H. J. Gebhardt, 1419 
Fisher Building, Chicago. Geo. H. Conner, 509 Mutual Life Building 
Philadelphia, Pa. W.. Teas, Chattanooga, Tennessee. 
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A. L. IDE 
“IDEAL” 


the Griffith & Wedge Co. 


Established 1840 
Zanesville, Ohio, U. S. A. 


Manufacturers of 


TheOhioCorliss Engine 
and Hoisting Engines 


























No Vacation Time 
For Your Engine 


We can rebore the cylinder in one night or 
make other repairs with equal promptness. 
The old fashioned method was two weeks’ 
vacation for the engine but that would be 
too expensive these days. 


Have you our new Catalog? 


AMMONIA CYLINDERS INDICATED. 


H. B. Underwood & Company, 


ESTABLISHED 1870 


1027 Hamilton St., Philadelphia, Pa., U. S. A. 











DE LAVAL 


Steam Turbine Motors 
Steam Turbine Dynamos 
Steam Turbine Blowers 
Steam Turbine 
Centrifugal Pumps 
Electric-Motor 
Centrifugal Pumps 


Send for Catalog No, 20. 








De Laval D, C. Motor-Driven Pump, 


DE LAVAL STEAM TURBINE CO., Trenton, N.J. 
















 Concral Flatric Guat 





Curtis Steam 
Turbines show 
a nearly con: 
stant efficiency 
over a wide 
range of load. 





The following load cure is based on tests made 
in the Fisk Street power house of the Common- 
wealth Edison Company, Chicago, Ill., and 
shows a maximum variation in economy of 
5 per cent. from 5000 to 12000 kilowatts. 


48S. OF STEAM 


PER AW NOUR 





iN We. 
“Load Water Rate Curve” for a 000 kw., 5-Stage, 750 R. P. M. 


Curtis Turbo-Generator Unit, Operating at 200 ibs. Gauge 
Pressure, with 125 Degrees Superheat and 29 Inches Vacuum, 


Curtis Steam Turbines are 
made in standard sizes 
from 15 kw. to 14000 kw. 


The Curtis Low Pressure Turbine is available in 
standard sizes from 300 kilowatts up, utilizes 
exhaust steam from I pound gauge pressure to 
29 inches of vacuum, adds 30 to 100% to the 
output of steam engine plants and does not re- 
quire a pound of additional fuel. Some install- 
ations have been in successful operation tor 
years. 
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Principal Office: Schenectady, N. Y. 


New York Office 
| 30 Church Street 


Sales Offices in 
all large cities 
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Minneapolis Steel @ Machinery Co., 
Minneapolis, Minn. 


Manufacturers 


of 


GunGiz Corliss Engines 








Direct Connected @em@ar Corliss Engine with Ga, 
frame installed at the Minneapolis Brewing Co.’s plant. 


The Mankato Electric Traction Co. is also using a Duplicate 
of this engine for operating their Street Railway System. 


There Is No Better Engine Made Than 
The @z€& Corliss. 


They Are Dependable, Economical and Efficient 


Please Write Us For Catalog. 




















